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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, I/O 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 1/O pull-up power supply while the device is not
powered. The current injection that results from input of such a signal or I/O
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/P1M-E and design application systems using the following RH850/
P1M-E microcontrollers:

This manual is intended to give users an understanding of the hardware
functions of the RH850/P1M-E shown in the Organization below.

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

| 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/P1M-E.

— Read this manual according to the Contents.

To understand the details of an instruction function

— See RH850G3M User's Manual: Software (ROLUS0123E) 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 XXXXg
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 = 1,0248



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.

Bit{ 31: 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16
_ csiGn csiGn
B CSIGNDLS[3:0] - = = =] =[S - S
Value after reset 0 0 0 0 0+ 0 0 0 0 0 0 0 0 0 0 0
RW R R RW | RW RW |RW :RW 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 after reset 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) ® 6 O (8)

Taple 14.19 GSIGNnCFGO register contents (1/2)

Bit Position  Bit Name Function
31,30 :
29,28 Specifies parity.
CSIGn CSIGn
PS1 PSO 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.
2710 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
For a data length of less than 7 bits, do not set bits
CSIGNCFGO0.CSIGNDLS[3:0] for a value 1 to 6 when the extended data length
function is disabled with bit CSIGNCTL1.CSIGnEDLE set to 0.
Itis forbidden to transmit two consecutive data with a data length of less than 7
bits.
23t0 19 Reserved The write value should always be the value after reset.

\/\

(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 O 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 aresetis 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.
In case of writing to writable registers that also include non-reserved bits with the R-attribute, writing to
the R-attribute bits will be ignored unless otherwise specified.

% : 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.



Table of Contents

Y =Tox 110 o 1 R @ Y1 o= PRSPPI 64
1.1 OULTINE ettt oo oottt ettt e e e e e e e e s s s e b b bbb ee e et e e eeeeeae e bbnbeeeeeeeeeeeaaanrnne 64
1.2 F Y o] o] o= 11 o T o I =1 o R PRSI 65
1.3 SPECITICALION OVEIVIEW ....eiiiiiiiiiii ittt ettt ettt e sttt e e sttt e e e s ettt e e s e annbe e e e s ennnbeeeeenneeeas 65
1.4 (2] loTed [ @o] g1 iTo U1 =V o] o FU TP PP PT PP 67

ST=Tox 1o o [Z A o o T U] o 1] 1P 68
2.1 Pin CONNECHION DIAGIAIMS ......uiiiiiiiiieeeeee ittt e e e e et e e e e e e e e e e e s s ab bbbt e e eeaeaaaaaaesaaaanreeeaeas 68
2.2 T {0 F= 1 ][ U UUPT PR 75

221 OVBIVIBW.... ettt ettt et e e o4 4o o e b h b bt ettt e e e e e e e e e e s b ba b bbbt e e e e eaeeessasbbbbeeeeeas 75
222 (IS o) T T U T o) SRR 75

2.3 o] g IV o 1 o] o 1 PP 91
231 FRATUIES ... oo e e e et e e e e e e et e e et e eeeeaebe b bbb bbb b b 91
2.3.2 OVBIVIEW. ..ttt ettt ettt ettt e e e ettt e e e o ekttt e e e ettt e e e e e nbe e e e e e e et bbe e e e e anbbeeeeeenbeeeeeeabaeeeenanes 92
2321 L= 10 T PP PURPPPUPPPUPPPPPOPPPPPN 92

2322 Overview Of Pin FUNCHONS.........oi it e e 93

2.3.2.3 Pin Data INPUI/OULPUL........cooi e e e e e e e e e e e s e e e e e eeaeeeas 95

2.3.3 POt Ty et 97
2.3.4 Port Group Configuration REQISIEN ........uuuiiiiiiiee i e e r e e e e e e e s e e s enannes 99
234.1 L@ 0111 = PP 99

2.34.2 Pin FUNCtion ConfIgUIation ...........eeiiiiiiiiiii e 101

2.3.4.3 Pin Data INPUI/OULPUL........coei ittt e e e e e s e e s neeeeeeaeeeas 111

2.34.4 Configuration of Electrical CharacteristiCs............coocuvuiiiiiiiiiiieee e 117

2345 PiN-UNit REGISTET ... .ttt et e eb e e e e 124

2.3.4.6 Example of Port Configuration Flowchart...............cccocvieiiiiiiniiiiee e, 126

2.35 FUNCHONAL SEIECHION ... e e e e e e eeeeee s 131
2351 Register Configuration in Use of the Alternative Function.............ccccccccvvvveeeenennn. 131

2.35.2 Alternative Function to be used in Direct I/O Control Alternative Mode ................ 131

2353 Register Setting in Use of an Analog INPUt Pin ... 132

2.35.4 Input BUffer CoNtrol (PISA).......uuiiiiiiiiieee e e e e s ee e e e e e e e e e e s e 132

2.355 Output Buffer Control (PDSC, PUCKC)......ccuiiiiiiiaiiiiiiiiiieeie et 134

2.4 O] (o - TaTr4=ViTe] g Jo ) il =do] o S C] o 10 ] oL 137
241 PO FUNCHION ..ottt ettt e e e ettt e e e s sbbeee e e s snbe e e e e e snbaaeeeenne 137
2411 LiSt Of POIM REQISIEIS ...ttt e e eeeaaae s 137

2412 List of Alternative FUNCHION PINS .........oiiiiiiiiii e 149

24.1.3 0T O I (0 ) PP 149

24.1.4 0 A (3 ) OSSP 150

2405 POIE 2 (P2) oottt ev e ettt n sttt enn s 151

24.1.6 0T I (2 ) PSR PPRP 152

2407 POIA (PA) oottt ettt 153

2408 POIS (P5) ..ottt ee e sttt n sttt enn s 154

2419 0T 1 O 4] =0 SRS 155

25 3 N RSSO 156
251 Example of N0OiS€@ ElIMINAtION.........ciiiiieeiieiiiiciiiiiieie e s e e e e e e e e e e e nnneeeaeees 156

2.6 Noise Filter and Edge Level Detection CirCUIL ...........cooiiiiiiiiieiiiiiie et 157

2.6.1 AlOCALION OF POt FILEIS ... et e e e e e e e e aeees 157



2.6.2 1L G Y/ o= PP OPPPPPPPPPPPRN 164

2.6.2.1 Digital Filter Type A (INTP/RXD Alternative) Input Pin............cccccoviviviiiiiieeeeeeenn 164
2.6.2.2 Digital Filter Type B (INTP/ESO Alternative) Input Pin...........ccoooiiiiiiiiiiiineen, 165
2.6.2.3 Digital Filter Type C (for INTP9 and NMI) INput Pin .........cccoooeiiiiiiiiieee e 166
2.6.2.4 Digital Filter Type D (for SENT, PSI5) INPUt PiN........c.ccovviiiieieeeeeeeiiicciiiiieieeee e 167
2.6.2.5 Digital Filter Type E (No Edge Detection) INput Pin ..........ccccceeviiiiiieniiiiine e 168
2.6.2.6 Digital Filter Type F (No Edge Detection) INPUt Pin .........ccccoeeiiiiiiineiiiiieee e 168
2.6.2.7 Analog Filter ANF INPUL PiN....ouuiiiiccccc e e e e e 169
2.6.3 ENCTo LS (= £ TP PP PP UPPPPPPPPPPPPN 170
2.6.3.1 IS o) 2 LT 11 (= = RS 170
2.6.3.2 FCLANCTLM — Filter Control REQISLEr........ooi ittt 171
2.6.3.3 DNFANCTL — Digital Noise Elimination Control Register .............ccccovvvieeeernninn. 172
2.6.34 DNFANEN — Digital Noise Elimination Enable Register.............ccccovvvvviiivvvnennnnnnn. 173
2.6.35 DNFANnENL — Digital Noise Elimination Enable Register...........cccccccciieiiiiiinnnn. 173
2.6.3.6 DNFCKSnC — Digital Noise Elimination Sampling Clock Source Selection
=T oIS ] USSP 174
2.6.3.7 DNFCSCnSTAT — Digital Noise Elimination Sampling Clock Source Status
REGISTEN ..ttt e e e et e e e e e e s e 175
2.6.4 Notes for Digital NOISE Filter.........ccoiiiiiii i 176
2.7 PIN STALE ... s 177
2.8 (o F= Vo | T o o | T TN TS =T o B T T PN 180
Y= Tox 10 1R T O o U S VL= (= o PSP 187
3.1 OVBIVIEW ...ttt ettt ettt e ettt e o4 ek ket e e ookttt e e e e aab e et e e e e aa bttt e e e s ekt b e e e e s anbbb e e e e s anbaeeeesnbeeeeennnes 187
3.1.1 BIOCK CONFIGUIALION ...ttt 187
3.2 O = O RSSO 189
3.2.1 L070] (=3 S [ox 1 0] o SRR PUPT R 189
3.211 FEALUIES ...ttt ettt e e ettt e et e e e e e e e e e en e aaee 189
3.2.1.2 T [ (=T 1= 190
3.2.2 Instruction Cache and Data BUFfer ... 227
3221 FRALUIES ... e e e e e et e 227
3.2.2.2 INStruction Cache FUNCHON. .......uuiiiiiiiiiei e 228
3.2.2.3 Data BUfer FUNCHION .....oeieei e e e e e e e e eeeeeeeae s 229
3.2.3 Reliability FUNCHONS. ... ...uiiiiiiiiie e e e e e e e e e e e e e e e e e e e e ee e eeeraranaanranas 230
3.23.1 PE Guard FUNCON (PEG)......coiuiiiiiiiiiiiie ettt 230
3.23.2 PE’s Internal Peripherals Protection Function (IPG) .........ccccoevviiiiiieiiniiiiie e, 237
3.2.3.3 System Error Notification Control Function (SEG) ..........ueeeeeiiiiiiiiiiiiniiiiiiiiiiieee, 244
3.234 104 01 Tod (=] g 0o TSRO 250
3.3 INtEr CPU FUNCHONS OVEIVIEW ...ttt e ettt e e e e ettt e e e e e e e e e e s nnbbbsbeeeeaaaeeas 251
3.3.1 Processor Element [dentifier ... 251
3.3.2 EXCIUSIVE FUNCHION. ...ttt e e e e e e e e e e e e e e e e e s e e e nsnnb e neeeeeaeeeennan 251
3.3.3 Write-Through Buffer for GIobal RAM ..........coiiiiiiiiiie e 251
34 L0 LT= (o [T N [0 1= PP PPPPTTRPRPPNE 254
3.4.1 Synchronization of Store Instruction Completion and Subsequent Instruction
LCT=T Tt 1 (T o PSSO RPRRTI 254

34.1.1 When updated results in the control registers are reflected in the implementation
Of & SUDSEQUENT INSTIUCTION: ...oiiiiiiiiii e 254



3.4.1.2 When the updated results of the control registers or memory to be used in the

instruction fetch of the subsequent INStrUCHION: ..o, 255
3.4.1.3 When switching the code flash memory area:..........ccccoo v, 255
3.4.2 Accesses to Registers by Bit-Manipulation INStructions ... 255
3.4.3 Ensuring Coherency after Code Flash Programming.........ccccvvveevieeeeeiieiiiiiciiiiieeieeeee e 255
3.4.4 Overwriting Context when Acknowledging Multiple EXCeptions ..........ccccceeveiiiiiiiiiiinnnen. 255
3.45 Usage NOtes 0N PrefetChing...........ciieee e 256
3.4.6 Usage Note when Exception is Acknowledged ...t 256
SECHON 4 AJUIESS SPACE......oi ittt e ettt e e e e e e e e e e e eeeeeeeeeneenes 257
4.1 AQUAIESS SPACE ...ttt ettt et e oot ettt e e e e e e e e e s o b b a b e e bt et e e e e e e e e e e e e nbabbraeaaaaaaaaaas 257
4.2 Address Space Viewed from Each BUS MaASIEN ........cccoiieiiiieiiiieceeeeeesis e e e e e eeeeaaaans 258
421 Space in which instructions can be fetched.............ccccoivi 258
4.2.2 Data space accessible DY PEL ... 258
423 Data space accessible by DMA (DMAC, DTS)...cuiiiiiiiiiieeiiiiieee et e esiiee e e e 258
4.2.4 Data space accessible by H-BUS MASTEI..........uueiiiiiiiiiiiiieeee e 259
4.3 (TN =T o I U o Tox 1o o U RTUURP 260
Section 5 Operating MOUES .........cooiiiiiiiiiee e e s e e e e e e e e e e e e aeeeaaeaaes 261
51 LT LU TSP PO P TP PP PPTPRR 261
5.11 NOrmal OPEerating MOTE .........uuuiiieiiiiiiie e e e st e e e s sbaeeeaeens 261
5.1.2 Serial Programming MOUE ... ......uuuiiiiiieieeeeee it e e e ee e e e s s s s senerereeeeeeaeeeeeessaannnsrsaeeeeeees 261
5.2 EXEEINAI INPUL PINS.....ceeeeeeeeiee ettt e oottt et e e e e e e e e e s e e bbb e e e e e eeaaeeaeessbenbeeeeaeas 262
5.3 REGISTEN DESCIIPLION ...ttt ettt et e e e e e e s e e bbbt e et e e e e e e e e e e s aaaanarnbeeeeaeas 263
5.3.1 (TS A0 LT 1] (=T N 263
5.3.2 MODE — MOUE REGISIET ......eeiieiiiiiiiie ettt et e e e 263
ST=Tox (o] o I G [ 01 (=1 ¢ (U] o SRS PPPPURPRPRTPP 264
6.1 OVBIVIBW ...ttt ettt ettt e e e e o4 4o o oa et et bttt e e e a2 e e e e e o e bbb bt beeeeeaeaeaesesaannnbbbneeeaaaeaeaesaannne 264
6.1.1 RESEE SOUIMCES ...ttt e e e e e e e e e e e e e e e eeeeeeaeeebeebebaneernnas 264
6.2 RegiSter SPECIFICALIONS ......coiiiiiiiiii e e e e e e e e e s e e e ee e s 265
6.2.1 L= To 151 (=T g @0 g1 i{e [V =11 o USSP 265
6.2.2 EICO - EIC383 — El Level Interrupt Control Registers 0t0 383.........ccccuviiiiiiiieiiieeeenennnn. 267
6.2.3 IMRO - IMR11 — EI Level Interrupt Mask Registers 0t0 11 ........cccooovvviiviviiiiinieieeeeeeen, 269
6.2.4 EIBDO - EIBD383 — EI Level Interrupt Bind Registers 010 383 .........oooiiiiiiiiiiiiiiieeeeeenn, 271
6.2.5 FNC — FE Level NMI Control REQISTET .....uuuiiiiiiiee e ettt e e en e e e e e e 272
6.2.6 FIC — FE Level Interrupt Control REQISIEN........coiiiiiiiieeeee e 272
6.2.7 SINTRO - SINTR4 — Software Interrupt REQISLErS .......uvvviieeeeiiiiiiiiieeeee e 273
6.2.8 PINTO — PINT7 — Peripheral Interrupt Status Registers
PINTCLRO - PINTCLR7 — Peripheral Interrupt Status Clear Registers .............cccveeeee.. 274
6.2.9 FEINTF — FEINT FaCtOr REQISIEN . ...ttt e e e e e e en e e e e ee e 278
6.2.10 FEINTFC — FEINT Factor Clear ReQISIEr ..ot 279
6.3 INTEITUPT SOUICES .. .iiiitii ettt e et e e e e e et e s e e e e et e e e e e e tabn e e e e ee b nneeeeeestanneeaens 280
6.3.1 LY T 01 (T ¢ 8] £ PP PPTPR 280

6.3.2 INTPIN INTEITUPES ...t e e e e e e e e e e e eeeeeeeeennnnneees 280



6.3.3 ECM INTEITUDES ..ottt ettt e e e e e e s e e e e et e e e e e e e e s e s 280

6.3.4 Yo 1= L= L) (=T U] o) SRR 280
6.3.5 On-Chip Peripheral Module INtEITUPLS ......coeeii it 280

6.4 Interrupt Exception Handler and Priority Operations ..o 281
6.5 (O] 0151 = 11 To] o TP PPRTRURP 291
6.5.1 External InterruptsS (NMI /T INTP) couuuuieiiee e s e e e e e e e e e e e e e e e eeeeaaaaenes 291
6.5.2 SOWAIE INLEITUPDL .....eiiiiiiee e e e st e e s eb e e e s e s 291
6.5.3 DTS Interrupt Merge FUNCHION .....uuuiii e s e e e e e e e e e e e e e ee e e e e aeernenennes 291
6.5.4 INtErrupPt ProCeSSING FIOW........cooiiiiiiiiiii et 292
6.5.4.1 NMI ProCeSSING FIOW ...coeviiiiiiiiicieeee et e e st e e e e e e e e e e 292

6.5.4.2 External Interrupt Processing FIOW ..........cooiiiiiiiiiiiiiciiiee e 293

6.5.4.3 Software Interrupt Processing FIOW ........c..oooiiiiiiiiiiii e 294

6.5.4.4 DTS Interrupt Processing FIOW .........ceviiiiieoiiiiiiicieeee e a e 295

6.6 L1 C= T (U] 1 F= 1= o3 SRRSO 297
6.7 Using Interrupt Request Signals to Initiate Data Transfer .........ccccoovvvcciiiiii e 297
Y= Tox 1o o I A 5 1Y PP 298
7.1 Features of RHB50/PLM-E DMA ......ooii ittt e et tae e e s e e e et a e e e nnsaae e e e e nneees 298
7.1.1 NUMDBEr Of ChaNNEIS. ... .ot eeee e 298
7.1.2 REQISEr BASE AQUIESS ... .ottt e e e e e e s e s et e e e e e e e e e e e s s nnnnrnrrnaeeees 299
7.1.3 INTEITUPE REQUESTS ...ttt ettt e e e e e e e e e e e e aaaeeeeeeeeeesbnbnbnnnees 299
7.1.4 (1Y N T T 1T G Yo U o = TSP 300
7.15 (D IS oo =T g 01U (o] 2RO 304

7.2 OVBIVIBW ...ttt et e e e oo oo ookt b b bt ettt e e e e e e e e oo bbbttt et e e e e e e e e e s e e e nnbbbbeeeeeeeeeeaeeannnne 308
7.2.1 OVBIVIBW....c ettt et e e e e 4o oo bbbt e et e e e e e e e e e e e s e bbb bbbt et e e e e e e e e e e anreeeeees 308
7.2.2 L= 0 0 L= 101 ) o PSRRI 308

7.3 DIMA FUNCHION ... s 309
7.3.1 Basic Operation of DMA TranSTer........uuuuuiiiii i e e e e e e e e e aeanaens 309
7311 LI 1051 1= 1Y/ To = P 309

7.3.1.2 EXeCUtiNg @ DMA CYCIB.....cc ettt e e e e e e e e e 309

7.3.1.3 Updating Transfer INfFOrmation.............ccccooiiiiiiiiiii e 309

7314 Last Transfer and Address Reload Transfer ..., 310

7.3.1.5 Transfer Completion Interrupt and Transfer Count Match Interrupt Outputs......... 310

7.3.1.6 CONtINUOUS TIANSTEE ...ttt e e e 311

7.3.2 Channel PriOMity OFOEF ... ..uuiiiiiiiiiiie ettt e e et e e e e sbbeeee e 313
7.3.2.1 DMAC Channel Arbitration .............uuuieeiiiiiiaeee e 313

7.3.2.2 DTS Channel Arbitration ..........coceiiiiiiie e 314

7.3.2.3 INterface ArDItratiON ........coivi i e e e e e e e e e e 315

7.3.3 REI0A FUNCHION ...ttt e e e e e e e e e s bbb e eeeeee e e s 316
7.33.1 Overview of the Reload FUNCHON ..........uuiiiiiiiiiieee e 316

7.3.3.2 Operation of Reload FUNCLON 1 ..........ciiiiiiiiiii e 316

7.3.3.3 REI0AA FUNCHION 2 ...ttt e e e e e e e as 317

7.3.3.4 Timing of Setting DMAC Reload REQISIErS .......cuvviiiiieeiiiiciiiieieeeeee e 319

7.3.35 Timing of Setting DTS Reload ReQISIErS..........ocvvuviiiiiiiiiiiiiiie e 319

734 (04 o= 11 T LU ] (o4 1T o T PSPPI 320

7.3.4.1 L@ )V AV =Y 320



7.4

7.5

7.6

7.7

7.8

7.3.4.2 Setting Up the Chain FUNCHON .........coiiiiiiiiiiii e 321

7.3.4.3 Caution for Using the Chain FUNCHON ........cooeiiiiiiiiccieee e 321
7.3.5 (DAY O @] o 1= - 1T o PR P TP 322
7.3.5.1 Types of DMA Transfer Requests and Assigning DMA Transfer Requests.......... 322
7.3.5.2 Generating and Accepting a Hardware DMA Transfer Request ..........ccccceeeeeennn... 322
7.3.5.3 Generating and Accepting a Software DMA Transfer Request............ccccceeevinnee. 324
7354 Execution Of DMA TTANSTEE ......ooiuiiiiei ettt 325
7.3.6 (D SR O] o =T ¢ 11[o] o O TP PP PUPPPPPPPPPPPN 328
7.3.6.1 Types of DMA Transfer Requests and Assigning DMA Transfer Requests.......... 328
7.3.6.2 Generating and Accepting a DMA Transfer REqUESt........ccevvvveeeiiiiiiiiciiiiiiieeeee, 328
7.3.6.3 EXecuting DMA TraNSTEI .....coii it 328
7.3.6.4 DTSRAIM ACCESS. ..ottt et e et e e e e e e et e e e e e e aaeeeaaeeeeateeretaeeeennaeees 330
7.3.6.5 Execution Time Of DTS TranSfers ... 330
Temporarily Suspending DMA TraNSTEIS. .......uii ittt e e e e 331
7.4.1 Suspension, Restart and Abortion of a DMA Channel ...........cccoccviiiiiiiiee e 331
7.4.2 Suspension, Resume, and Transfer Abort of a DTS ... 332
7.4.3 Masking and Clearing a Hardware DMA Transfer Request by the DTFR ...............cc...... 333
7.4.4 Masking and Clearing a Hardware DMA Transfer Request by the DTSFSL................... 333
7.4.5 List of Suspend, Resume, and Transfer Abort FUNCLIONS.........ccooeeviiiiiiiiiciiiiiiicieee e, 333
[ g (o] o] o1 1o ] SRRSO 334
7.5.1 Y LI = 1 (] PO P PP PR 334
7.5.2 (DY N W =T 1Y (=T g =1 o (o] 334
7.5.2.1 Operation of a DMAC When DMA Transfer Error OCCUIS..........ccoovviiiiiiiiiiiiienneen. 334
7.5.2.2 Operation of a DTS When DMA Transfer Error OCCUIS .......covvvveeeeeeeiiiicceniiniennen, 334
7.5.3 D IS R Y AN 4 o PRSPPI 335
7531 (D ST R Y AN 1Y I = O O I =T RS 335
7.5.3.2 Stimulation of DTSRAM ECC EITOr .....c.oiiiiiiiiiiiiie it 336
=] 1= o111y 1 o 1T o RSO 337
7.6.1 L@ YT 4T S 337
7.6.2 Register Access Protection FUNCLON.............cooiiiiiiiiir s s e e e e e e e e e e e e e eeaaannens 337
7.6.2.1 Identifying the ACCeSSING MASTEN.......ccoii i 337
7.6.2.2 SPECIAl MASIEN ACCESS ...uuuvviiiiiiiiieeeee e e i e eictte e e e e e e et e s s st rrreaaeaeeeessnanansrnneees 337
7.6.2.3 GENETAl MASIEN ACCESS ....eiiiiiiiee ittt e ettt e e e e e e e e e reeeeeeas 337
7.6.2.4 Channel ASSIGNMENT .......ouiiiii e e et e e e aneee 337
7.6.2.5 1= oL Ao oSSR 338
7.6.3 Master Information Inherit FUNCLION ... 339
7.6.4 Other Reliability FUNCHONS..........ooi i e e e e e e e e 339
7.6.4.1 Restriction on the Next Channel in the Chain ..., 339
Setting UP DMA TraNSIOE .. .uuiiiiiiiiiiiie e r e e e e e e e e e s s s b aeeraeeeeeeseeannrnnes 340
7.7.1 Overview of Setting UP DMA .......oiieiee e r e e e e e e e s e e snnaaeaaeees 340
7.7.2 Setting Up the Overall DMA OPEratioN...........uueieiiiiirieeeiiiiiiee ettt e s 341
7.7.3 Setting Up the DMA Channel SEttNG ......ccooeiiiiiiiiie e 342
7.73.1 Setting Up the DMAC Channel Setting ............eeeeiiiiiiiiiiiiiiiiieieeee e 342
7.7.3.2 Setting Up the DTS Channel Setting..........oocuviiiiiiiiiiiiiee e 343
(€110 o T= T =T L] (T PSR 344

7.8.1 List Of Global RegISter AQUIESS ......eiiiiiiieeeiii e e e e 344



7.8.2 Details Of GlODal REGISIEIS ... .uviiiiiiiiiie et 346

7.8.2.1 DMACTL — DMA CONtrol REQISTEN ...vvvviieieeee e ittt ee e e e e e e 346
7.8.2.2 DTSCTL1 — DTS Control RegIStEr L.....ccoeiiiiiiiiiiiee et 347
7.8.2.3 DTSCTL2 — DTS CoNntrol REGISIEr 2.....ccciiiiiiiieiiiiiee e 348
7.8.24 DTSSTS — DTS Status REQISIEN ......ceiiriieiiieeiiiie e 349
7.8.2.5 DMACER — DMAC EITOr REJISIEN .....eeiiieiiiiiiitie ettt 350
7.8.2.6 DTSERL — DTS Error REQISLEr L .....ueviiiiiiiiiieie ittt 351
7.8.2.7 DTSER2 — DTS EIrOr REQISIEN 2..uuveeeiiiiieee e ettt ee e e e e e e e e e e e e 352
7.8.2.8 DTSERC — DTS Error Clear REJISIEr ......cc.uuiiiieiiiiiie e 353
7.8.2.9 DMOCMV — DMACO Register Access Protection Violation Register ................... 354
7.8.2.10 DM1CMV — DMACL1 Register Access Protection Violation Register ................... 355
7.8.2.11 DTSCMV — DTS Register Access Protection Violation Register............ccccccee.ee. 356
7.8.2.12 CMVC — Register Access Protection Violation Clear Register .............cccceeeeenneee. 357
7.8.2.13 Transfer Status Register (TFRSTS) .....ccooii oo e e 358
7.8.2.14 DTSPRy — DTS Channel Priority Setting (y =010 7) ..ccoeviiirieieiiiiiiee e 359
7.8.2.15 DTRECCTL — DTSRAM ECC Control REQIStEr .........ccceecviviiiiieeeieeee e 363
7.8.2.16 DTRERINT — DTSRAM Error Notification Control Register...........cccoevvvvvvvvnnnnnnn. 364
7.8.2.17 DTRTSCTL — DTSRAM Test Control RegiSter........ccuveieiiiiiiiiiiiiiiiieeee e 365
7.8.2.18 DTRTWDAT — DTSRAM Test Write Data RegiSter............ccovcvvvviieiiiiieeeeee s 366
7.8.2.19 DTRTRDAT — DTSRAM Test Read Data RegiSter............cceeeeeeviveviivieiiiiiiinn, 367
7.8.2.20 ADECCTCL — ECC on BUS Address ECC Test Control Register....................... 368
7.8.2.21 ADECCTDT — ECC on BUS Address ECC Test Data Register ...............cceeunes 369
7.8.2.22 DMxCM — DMAC Channel Master Setting (x =00 to 07, 10 t0 17) .......ccevvvrrnnenn 370
7.8.2.23 DTSmCM — DTS Channel Master Setting Register (m = 000 to 127) ................. 371

7.9 DMAC Channel REGISTE ......coiiiiiiiiie ittt s e e e s e e e e e ree s 373
7.9.1 DMAC Channel RegiSter AQAIESS ......cccoiiiiiiiieiiiiiie ettt e e e e e 373
7.9.2 Details of DMAC Channel REJISIEIS .........uuuiiiiiiiiieeeee i re e e e e e 374
79.2.1 DSANn — DMAC Source Address RegISter.........ooiiiiiiiiiiiiieeieeeee et 374
7.9.2.2 DDANn — DMAC Destination Address RegiSter...........covuiiiieriiiieiiiiiiieeee i 375
7.9.2.3 DTCn — DMAC Transfer Count REQISIEN ........cuvvviiiiiiiiieieie e e 376
7.9.2.4 DTCTn — DMAC Transfer Control REQISIEr ........cccuuviiiiiiiiiieaeeeeiiiiieeeeeeee e 377
7.9.2.5 DRSANn — DMAC Reload Source Address RegiSter.........cccvvveiviiiieeeiiiiiieee e 380
7.9.2.6 DRDANn — DMAC Reload Destination Address Register...........ccccvvvvvvevieivvvnnnnnnn. 381
7.9.2.7 DRTCn — DMAC Reload Transfer Count REQISTEr ........ccvvviieeiiiiiiiiiiiiiiiieeeeeeenn 382
7.9.2.8 DTCCn — DMAC Transfer Count Compare RegiSter.........ccccvvviiiiieriiiiieee e, 383
7.9.2.9 DCENn — DMAC Channel Operation Enable Setting Register..........ccccccvvvvvnnnn. 384
7.9.2.10 DCSTn — DMAC Transfer Status ReQISIEr ........coiiiiiiiiiiiiiiiiiieieeee e 385
7.9.2.11 DCSTSn — DMAC Transfer Status Set Register.........ccccoovvveieiiiiiiine e 387
7.9.2.12 DCSTCn — DMAC Transfer Status Clear RegiSter ........cccevvveeeeeiiiiiiveeeieiiiiiiinnnn, 388
7.9.2.13 DTFRN — DTFR Setting REQISTEN ......coiiuiiiiieiiiiiiee et 389
7.9.2.14 DTFRRQn — DTFR Transfer Request Status Register...........cccocvvveeiiniiieeeennnn. 390
7.9.2.15 DTFRRQCnh — DTFR Transfer Request Clear RegiSter..........ccoveeeviiiiiiiinininininns 391

4% O B B SR O 4 =T g a1 B =T 1S -] Rt 392
7.10.1  Transfer information of the DTS (T1)....coiuuiieiiiiiiee e 392
7.10.1.1  SHructure Of the Tl e e e e e e e 392
7.10.1.2  Organization of the TIin the DTSRAM ........cciiiiiiii e 393
7.10.1.3  ACCESSING the Tl.ueiiiiiiiiiiiie it ettt e e e st e e e s abaeeeeeaans 394
7.10.1.4  Caution about AccesSING the Tl ....cooiiiiie e 394

7.10.2 DTS Channel RegiSter AQArESS ........coiiiiiiiiiiiiiiee ettt 395



7.10.3 Details of DTS Channel REQISIEIS.........uuiiiiiiiiiii e 396

7.10.3.1 DTSAM — DTS Source Address REQISLEr .........uuuiriiiiiiieeeiieiiiiiiiieerr e e e e e e e e e s 396

7.10.3.2 DTDAmM — DTS Destination Address RegISter ........ccuiiiiiiiiiiiiiiiiiiiiiieeaee e 397

7.10.3.3 DTTCm — DTS Transfer Count REQISTEr.........ocuuiiiiiiiiiiiiiiiiiiiee e 398

7.10.3.4 DTTCTm — DTS Transfer Control REQISIEN ......cuvvviieeeeiiiiiiiiieeieee e 399

7.10.3.5 DTRSAmM — DTS Reload Source Address RegiSter.........c.covcueieeiiiiiiiieeniiiieeeenns 402

7.10.3.6 DTRDAmM — DTS Reload Destination Address Register .........cccocvveeeeriiiiieeeennnns 403

7.10.3.7 DTRTCm — DTS Reload Transfer Count RegiSter...........ccocccvvvviveieeieeeee e, 404

7.10.3.8 DTTCCm — DTS Transfer Count Compare RegiSter .........cccceeeviiiiieeeiiiiiieeeenene 405

7.10.3.9 DTFSLm — DTSFSL Operation Setting RegISter ..........ccveiiiiiiiiieiiiiiieeeiiiieeeee 406
7.10.3.10 DTFSTm — DTSFSL Transfer Request Status Register............cccccevevvviivivirinnnnnns 407
7.10.3.11 DTFSSm — DTSFSL Transfer Request Set RegiSter.........ccccvveviiiiieieiiiiiieeeens 408
7.10.3.12 DTFSCm — DTSFSL Transfer Request Clear RegiSter .........ccccccevvvvveeiiiniiieennnnns 409

7.11 DMAC/DTS Trigger SEIECt REQISIEIS ......uuuiieiiiiiieiee e ittt et e e e e s e s se st ereeeeaeeeessassnnnnees 410
7.11.1 DTS Trigger Select Register DESCIPUONS .........uutieiiiiiiiiee ittt 410
7.11.1.1 DMACTRGSELO — DMAC Primary/Secondary Select Register 0................c...... 410

7.11.1.2 DMACTRGSEL1 — DMAC Primary/Secondary Select Register 1 ...........ccccuvuee. 412

7.11.1.3 DTSTRGSELO — DTS Primary/Secondary Select Register 0...........ccccevvvieeeennns 414

7.11.1.4 DTSTRGSEL1 — DTS Primary/Secondary Select Register 1........ccccccceeevviiiennns 416

Section 8  RESEt CONMIOIIEN .......coe i e e e e e e e e eeeeeneanes 418
8.1 T LU €T O PP UUUTU PP PPPPTPRPR 418
8.2 INPUL/OULPUL PINS ..ottt e oottt ettt e e e e e e e e e e e e nabbbb e e et e e e eaaeaeeaannbebeeneees 419
8.3 REQISIEr DESCIIPLION ....eiiiiiiiieiii ettt e et e e e e s e e e e 420
8.3.1 RESF — Reset FaCtor REQISIEN ......cccoe i e e e e 421
8.3.2 RESFC — Reset Factor Clear REQISIET ........coiiiiiiiiiiiiie e 423
8.3.3 SWSRESAOQO — Software System Reset Request Register O...........oevvvvvvvvvvieiiiiiiieeeeneenn. 424
8.3.4 SWARESAOQO — Software Application Reset Request Register 0........c.eeevevviiieeeeiiiineeenn. 425
8.3.5 RESC — Reset Configuration REQISIEN .......ccccoiiiiiiiieiiieeeeeeeerer s e e e e e e e e e e 426
8.3.6 STAC_DTSRAM — RAM Initialization Mode Control Register for DTS RAM................... 427
8.3.7 STAC_GRAM — RAM Initialization Mode Control Register for Global RAM ................... 428
8.3.8 STAC_LMO — RAM Initialization Mode Control Register for Local RAM............cccccoeene 429
8.3.9 STAC_LM10 — RAM Initialization Mode Control Register for CSIH.........cccccceeeiiiiinennnn. 430

8.4 (@077 = 11T 1SRRI 431
8.4.1 RN A G- 1= [o ] £ =T T PP UOP PP OPPPPRN 431
8.4.2 RESEE SOUICES .....oviiiiiiiiiii e 432
8.4.3 RESEL FIAGS .. eeieiiiie ettt e et e et e e et e e e et aa e 434
8.4.4 Reading Option Bytes from FLASH ........uuuii s e e e eeaaaans 434
8.4.5 L1 =0 2T R 434
8.4.6 RAM INIHBIZATION ...t e e e e s s e e e e s ee s e 434
8.4.7 ReESEt MASK FUNCHION .....ceei et e e e e e e e e e e e e e s e s s e eeeens 434
8.4.8  ReSet OULPUL (RESETOUT) ...ovveeieeeeeieeeeeeeeeeeeeeeseeeeeseseeeeseteseeeesesseeeeseseeeseneeeeeeseneeenenon 435
Section 9  Power SUPPIY CIrCUIL........ocoeiiiiieiiieie e e e e e e e e e e e eeaneanns 436
9.1 FRATUIES ...ttt e 436

9.2 =Y T=T I T T T TR 437



9.3 2] (oTot QB T To =1 1 OO PP P PPPPPPN 438

9.3.1 SINGIE POWET SUPPIY ettt e et e e e e e e e e e e e e e enaneeneeees 438
9.3.2 DUAI POWET SUPPIY ettt ettt ettt ettt e e ettt e e e s sntbeee e e s snbeeeeeeanbeeeeaeee 439
9.4 (@] 0l g =Tox 110 g TN =0T o] o] - P REERURRN 440
94.1 SINGIE POWET SUPPIY ettt e e et e e e e e e s aeaeee s 440
9.4.2 DUBI POWET SUPPIY ettt e e et e e e e e e e e e e e e annabeeneeas 440
9.5 POWET UP/DOWN TIMHNG «etttvtiiteeieeee e st ettt et e e e e e e s s s sttt e e eeaeaeaeessansnnntasseeeeeaaaeessessnnsnnraneeees 441
Section 10 Core VOoltage MONITOK .........uuuuuiiiiiiiiiee e e e e eee et e e e e e e e e e e eeeeeeeeesnnnnn 442
O T R @ Y= V= PP PPP TP 442
00 0 R U Tod 1 T T g = L @Y7 1= PP 442
10.1.2  BIOCK DIGGIAIM ...ttt ettt e ettt e e e e e e e e e skt e bt e e et e e e e e e e e e s aannbnbneeeeeas 443
O 1o o101 7@ 101 01U | =TI R 444
O TR T = (= To 1] (] PP PPP PRI 445
10.3.1 LISt Of REGISEIS ... eiiiiiiiiiieiie ettt ettt et e e s s bba e e e e s aaneeeeeas 445
10.3.2 CVMF — CVM FaCtor REQISIEN .......cciiiiieeeeieiiiee et n e e e e e e e ae e 446
10.3.3 CVMFC — CVM FacCtor Clear REGISTEN ........uuuiiieiiiiieie ettt 447
10.3.4 CVMDE — CVM Detection Enable REQISIEN ........uuuuiiiiiiieiii e 448
10.3.5 CVMDEW — CVM Detection Enable Set REQISLEr ........ccuuueiiiiiiiiiiieiiiieieeeiee e 449
10.3.6  CVMDMASK — CVM Detection Output Mask RegiSter ............ccoevvvviiiiiiriiiciice e, 450
10.3.7 CVMDIAG — CVM DIAG Mode Setting REGISIEN ........covuiriiiiiiiiiiie e 451
10.3.8  CVMMON — CVM MONItOr REGISLEN ....ccviieeeieieiieicies i 452
0 S © T 1= > 1o ] o S 453
10.4.1  CVM BASIC FUNCHON ..ottt ettt e e e ettt e e e s et e e e e st e e e e e snnbeeeeens 453
10.4.2 CVM Function in Field BIST operation and Serial Programing Mode (Mask of
CVMOUT Pin @nd CVM RESEL) ....uutiiiiiiiiaieeii ittt ettt 456
10.4.3  CVM DiagnoSiS FUNCHON ......cccoiiiiiiiiiiiie et ee e s e e e e e e s e s s e e e e e e e e e s e e s snnnnrenneees 456
L10O.5  USAOE NOTES ... . ittt e oot e e e e e e e e et ettt et eeeeetetate e e s e e e e e e e eeaaeeaaeeeeeeeeeaeesaeansnnsnnnnnnnn 458
SecCtion 11  TemMPEIrAtUIE SENSOK ......cciveiiiiiiiuieiiiaaaeeeeeeeeeeeeeeeeeeenensnnnaaaaaaeaaaaeeeeereeeeernnnes 459
11.1  Features of RH850/P1M-E TeMPErature SENSOK .......c..eeiieiiiiiiieeaiiiiiee ettt e ibneee e e 459
5 O R V[0 4 o T=T o U1 1 PR UU R 459
11.1.2  REQIStEr BASE AGUIESS......cccceeiiiieiie it e e e e e e s et e e e e e e e e e s s s st e e et aaeeeesssannnnrerenaneeeeees 459
I O T @1 o Tod QS ] ] PR TU PR 459
0 S | o) =T W] =0 [ U= 459
L11.1.5  RESEE SOUIMTES ...uettttitiiaee ettt e e e e e e et ettt et ettt et et et e e o e o e e e e e e e e e aeeeee et e eeeeesbebabb s a e e e e e e aeeaeeas 459
11.1.6  External INPUt/OULPUL SIgNAIS.........uuviiiiiiiiiiee e e e e e e e e e e s nnnrenreees 459
T © Y= 1 R 460
11.2.1  FUNCHONGI OVEIVIEW ...ttt ettt e e e e e e e e e ea st eeeeeeeeeeesaannnnnrsneneeeeeeens 460
0 1 [ Yo QD - Vo [ = 1 o 460
B T LT 11 =Y SRR 461
I T A =0 13 (= ol £ PP PPPPI 461
11.3.2 TSNOCR — Temperature Sensor Control REQISIEr...........cocevviiiiiiiiieice e 461

11.3.3 TSNOSTAT — Temperature Sensor Status REJISIEr ..........evviiiiiiiiiiiiiiiiee e 462



11.3.4 TSNODIAG — Temperature Sensor Diagnosis Control Register ..........ccccoovvveeeiiiiieeeeenns 463

11.3.5 TSNREFD — Temperature Sensor Reference Temperature Storage Register............... 464
R U | o4 1o o PP PRTRPPPPPRPN 465
11.4.1  Temperature MEASUIEIMENT........ii ittt e e e et e et e e e e e eeea e e eeeeee 465
11.4.2  Temperature Error NOHfICAtION ..........eeiiiiiiiie e 466
11.4.3  Self-DiagnoSiS FUNCLON. .........cciiiiiiciieie e e e e e e e e s e e e e e e e e e s s e annnrnaees 466
11.5 Calculating the TEMPEIALUIE .......ciiuuiiiiei ittt ettt e st e e e e st bt e e e e abb e e e e e e aebeeeeeanes 467
Section 12 ClOCK CONIONE .....ccoe e e e e e e e e e e e e e eeeeenees 468
D R T LU | €= PO PP PPUPPPPPRPR 468
12.1.1  External INPUY/OULPUL PINS......oiiiiiiiiiiiiie ettt e e e e e e e e e e eneneneaeeeees 468
D122 OVEIVIBW ...ttt ettt et o4 e oo 44 oo kbbb bt e ettt e e e e e e e e e e o bbb bbbttt et e e e e e e e e e e e nanbebeaaeeeeaeeaanrnes 469
2 R Y/ o Y=Y o | I O o o] RSP 469
2 A = 1 (ool [ BT To | =1 g PR R TR RRPP 470
D2 B S (= To 1151 (=] gl D=2 ox o o1 T o P UPURUR 471
12.3.1  Writing Protection 10 REQISIEIS .......covviiiiiiiiieeee st e e e e 471
12.3.2  REQISIEr OVEIVIEW ....eiiiiiiiiiie ettt ettt e s bt e e e sttt e e s st e e e s aabbs e e e e s anneee s 471
12.3.3 CLKD2DIV — Clock Divider 2 DiViSOr REQISIEN .......uuuueiiie et e e eeeeee e 472
12.3.4 CLKD2STAT — Clock Divider 2 Status REQISLEN ........coiuvriiiiiiiiiiie e 473
12.3.5 CLKD3DIV — Clock Divider 3 DiViSOr REQISIEN .......uuuueiiii et i e 474
12.3.6 CLKD3STAT — Clock Divider 3 Status REQISLEN ........coccuuriiiiiiiiiiiieiiiieee e 475
12.3.7 CKSC2C — Clock Selector 2 Control REQISIEN .......cccceeeeieeeiiieeeeeeeeere e 476
12.3.8 CKSC2S — Clock Selector 2 Status REgISIE .......ocuuuviiiiiiiiiiie e 477
12.3.9 CKSC3C — Clock Selector 3 Control REQISIEN .......cccoeeeeiieeiiieeeeeeeeeere e 478
12.3.10 CKSC3S — Clock Selector 3 Status REGISIE .......ouuuiiiiiiiiiiiie e 479
12.3.11 CKSCB8C — Clock Selector 8 Control REQISIEN .......cccceeeeiieeiiiiieeeeeere e 480
12.3.12 CKSC8S — Clock Selector 8 Status REgISIEN .......ocuuvviiiiiiiiiiie e 481
2 S © ] = - 11T IR 482
12.4.1  EXternal ClOCK OULPUL........oiiiiii ittt e e e e e e e e e e e e e e e e e e e e e annneneeeas 482
12,5  USAQE NOLES ... ..ttt e e e e e e e e et ettt ettt e et e et e bbb s s s e s e e e e e e e e e e e eeteeeeeaesebrrennbnebnn s 483
12.5.1 How to Connect a Crystal OSCIllator............uuuuiiiiiieiii e 483
Section 13 Clocked Serial Interface G (CSIG).......ccceeeeeiiiiiiiieeiiees e 484
13.1  Features of RHB50/PLM-E CSIG.......cooiiiiiiiiieiiiiiee ettt 484
13.1.1 N TU T T 7= o) 0 o PR 484
13.1.2  REQISIEr BASE AUUIESS .. .uuuiiiii i et e e e e e e e e e e e et e e e e 484
13.1.3  ClOCK SUPPIY .ttt ettt e ettt e e st e e st e e e e anneeee s 485
13.1.4  INEITUPE REQUESTS ...ttt e et e e e et r e e s e e aab s e e e e eaba e eaaaes 485

R I LT 0T o == T 485
13.1.6  External INput/OULPUL SIGNEAIS........covviiiiiiiiiii e a e e e e ae e 486
13.1.7 Data CoNSISIENCY CRECK .....ccoiiiiiiiiiiiii e 486
13.1.8 Combinations of PINS and POIS ..........coouiiiiiiiiiiiie e 486
L1312 OVBIVIBW ..ttt ettt ettt e e e oo 4ok b bt b ettt e e e e e e e e e e e o b b e bbbttt et e e e e e e e e e e e annbereeeeeeeee e e nrnes 487

13.2.1  FUNCHONAI OVEIVIEW ......ceeeeiiee ettt e e s e e e e et e e e e s e e b s e e s e et b eeeeserbaaaeeas 487



13.2.2  FUNCHONAI DESCHPLION ...ttt et e e e st e e e e nnneeeen 488

13.2.3  BIOCK DIGGIAIM ...ttt ettt ettt e e e e e e e e e s bbbt bbb e e et e e e e e e e eesaannbnbneeeeeas 489
R TR T = (=T 115 (=1 £ PR 490
R 20 Tt R I ) o ) =T 1) (= U 490
13.3.2 CSIGNCTLO — CSIGnN Control REQISIEr O......ccoiiiiiiiiiiieeeie e 491
13.3.3 CSIGNCTLL — CSIGN Control REQISIEN L......ccccciiiiiiiiiieeee e e s e et e e e e e e e s 492
13.3.4 CSIGNCTL2 — CSIGN CoNntrol REQISIEr 2.t 494
13.3.5 CSIGNSTRO — CSIGN Status REQISIEr O.......c.cuvuiiiiiiiiieieeeeiesceiiiiiie e e e e e e e e e e ssrnraeaeeees 495
13.3.6 CSIGNSTCRO — CSIGn Status Clear RegiSter 0 ........ccoouueriiiiiiiiiiiiiieieeeee e 497
13.3.7 CSIGnBCTLO — CSIGn Rx-only Mode Control Register O.........cccvvvvveviieeeeeiieiiciiiinnne 498
13.3.8 CSIGNCFGO0 — CSIGn Configuration RegiSter O .........ccooiiiiiiiiiiiiiiieiii e 499
13.3.9 CSIGNnTXOW — CSIGn Transmission Register O for Word ACCESS ........cccevvvvevivrrrvvnnnnnn 501
13.3.10 CSIGNTXOH — CSIGn Transmission Register 0 for Half Word Access.........cccceeeeeeeeeenn. 502
13.3.11 CSIGNRX0 — CSIGn Reception REGISTEr O......cccuviiiiiiiiieiee e e ccciriee e e e e e e e s 502
R 2R Tt I I S o ) 10 1o o PRSP 503
T S [ 01 (=T U] o] AT o 1 o 2 ORI 504
R T o R 101 (=Y ¢ {0 o1 D=1 -SSP 504
13.4.2 INTCSIGOIC (Communication Status INtEerruPL) ........eeeeeieeeiiiiiiiiiiiieeee e 505
13.4.3 INTCSIGOIR (Reception Status INErTUPL) ......ccceviiiiiiiieiee e 506
13.4.4 INTCSIGOIRE (Communication Error INTEITUPL) .......eeeeeiiieieeiiiieiiiiieiieeee e 506
ST © o L= = 11T o TP PPUEURTRPR 507
13.5.1  MaASEr/SIAVE MOAE.....coiiiiiiiiii et e e e e e 507
R 38 700 0t R | - 1= =T gl 1Y o o [ PSS 507
13.5.1.2  SIAVE MOE ....oveiiieeieiee et et e e e 508
13.5.2  Master/SIave CONNECHIONS. ......coii it e ettt e e e e e e e e e e e e e e e e e e e e s e enneeeeeees 509
13.5.2.1 One Master and ONE SIAVE........ccieeeeii it r e e e e s aeereeeee s 509
13.5.3  Transmission ClIOCK SEIECLION ............uuiiiiiiiiiiie et 510
13.5.4  Data Transfer MOUES.......cccooi ittt e e e e e e e e e e e s s nnnrrnrees 511
13.5.4.1  TransSmit-ONlY MOUE........ovuuiiiiiiiiieie e s e e e e e e e e e e e eeeeeaaeaenen 511
13.5.4.2  ReCEIVE-ONIY MOUE .....coiiiiiiiiiei ittt 511
13.5.4.3  TranSmMit/RECEIVE MOUE ......uvviiiiieeeieiiie ettt e e e e e e e e 511
13.5.5 Data Length SEIECLON .......ccc.euiiiiii e 512
13.5.5.1 Data Length Selection Without Extended Length............ccccceeiiiiiiiiiiniicneen, 512
13.5.5.2 Data Length Selection with Extended Data Length............ccccceeeiiiiniiiiiiiiiiiininee, 512
13.5.6  Serial Data Direction Selection FUNCHON ...........ooiiiiiiiiiiiiiecce e 514
13.5.7 Communication Timing in Slave MOE ..........coouiriiiiiiiiir e 515
13.5.8  HaNdShaKe FUNCLION.........coiiiiieee et e e e e e e e e e e eeeeeeens 516
R TR 78 2 T R - 1Y 1Y o o P 516
13.5.8.2  MASLEI MO ...ttt e e e e e ettt e e e e e e e e e e s e e nnbnbbeeeeees 517
13.5.9  LOOP-BACK MOUE ....coiiiiiiiiiiie ittt ettt e e e s e e e e s nnnneee s 518
R R 70 K =t 4 o gl D= (=Tod 1T T PP EUTU PR 519
13.5.10.1 Data ConSiStENCY CHECK .......ccciiiiiiiiiiiiiiie e 519
13.5.10.2 Parity ChECK ....ccii it e e e e e 520
13.5.10.3  OVEITUN ETOX .ottt e e e e e e e e e e e e e e e eeeeeeeenrenes 521

13.6  Operating PrOCEAUIES. ........c..ciiiiiiiiiiii bbb 523

13.6.1  Transmission/Reception by DMA in Master MOAE .........cccevvviiiiiiiiiiiiiiieiniee e ee s 523



Section 14 Clocked Serial Interface H (CSIH) ........ccoooiiiiiiiiiicieee e, 525

14.1  Features of RHB50/PLM-E CSIH.......ooiiiiiiiiiic ettt snebee e 525
1411 NUMDBEE Of UNITS..ciiiiiiiiiiiiii ettt ettt e e s e e e st e e e e s nneaeeas 525
14.1.2 ReQISter BasSe AQUIESS ... .ottt e e e e et e et e e e e e e e e e e nnnbnbeeeeeeeaeas 526
I O T @ o o] QS U ] ]SSR 526
14.1.4  INTEITUPT REQUESTS ...ttt e et e e e e e e e e et et et et e eebe bbb e e e e e e aeeeas 527
L1415  RESEE SOUICES .....uuttiiiiiiieeeee e ittt e e e e e e e ettt ettt e e e e e e aa s e bbb e e et et e e e e e e s aaaannnbnbnreeee s 527
14.1.6  External INPU/OULPUL SIGNAIS.........utiiiiiiiiiiieeee e a e e e e e e 528
14.1.7 Data ConsistenCY ChECK .......ccueeiiiiiiiiiii e 529
14.1.8 Combinations of PiNS and POIS ..........cooiiiiiiiiiiiiieeie e 530

T2 OVEIVIBW ...ttt ettt ettt e e e e e e 4o e o ettt bttt e e et e e aeeeeaeaa e nbabes e e e eeeaeaeeeaeeaaannnbneeaaaeaeaeeaaannnes 532
14.2.1  FUNCHONGI OVEIVIEW ...ttt ettt ettt e e e e e e ettt e e e e e e e e e e e nnbbb e e aeeeeeeas 532
14.2.2  Functional OVerview DESCHIPLION ........uueiiiiiiiiiiie ettt 533
I T =1 [ Yo Q- Vo [ = 1 o 534

I T B (= To 1] (= = PP PPPPTPPPRPN 535
I Tt R I o ) T =T 1) (= SRS 535
14.3.2 CSIHNCTLO — CSIHN Control REGISLEr O .......uueiiiiiiiiiaeaeeieeieiiiee et 536
14.3.3 CSIHNCTL1 — CSIHN Control REJISLEr L.......uuuuiiiiiiiieeeeei st ee e e e e e e e e eseenrneeee e 537
14.3.4 CSIHNCTL2 — CSIHN CoNtrol REQISLEI 2 .......uuiiiiiiiiiieeeeei et 540
14.3.5 CSIHNSTRO — CSIHN Status REJISEr O ......uvuiiiiiiiieeeeeeie it e e e e e e e e e s eseevrnaneee e 542
14.3.6 CSIHNSTCRO — CSIHn Status Clear RegiSter O.........coeeviieiiiiiiiiiiiiiiieeee e 546
14.3.7 CSIHNMCTLO — CSIHn Memory Control Register O...........ccovcivviiiiirieieee e 547
14.3.8 CSIHNMCTL1 — CSIHn Memory Control Register 1 .........ooooiiiiiiiiiiiiiieieee e 548
14.3.9 CSIHNMCTL2 — CSIHn Memory Control REQISIEr 2.......ccoevviiiiiiiiiiiie e 549
14.3.10 CSIHNMRWPO — CSIHn Memory Read/Write Pointer Register O...........ccccovviiiiiiiienneen. 551
14.3.11 CSIHNCFGx — CSIHN Configuration REQISIEr X.......uuuvuiiiiieeeeeiiiiiiiiiiieeeeee e e e e s seseneeenes 553
14.3.12 CSIHNTXOW — CSIHn Transmit Data Register O for Word ACCESS ........ccoevvviiiiriiiienneen. 558
14.3.13 CSIHNnTX0H — CSIHn Transmit Data Register O for Half Word Access...........ccccvvvveeeen. 560
14.3.14 CSIHNRXOW — CSIHn Receive Data Register O for Word ACCESS .......cceevviiiiivviiiiiennnnn. 561
14.3.15 CSIHNRXO0H — CSIHn Receive Data Register 0 for Half Word Access ..........ccccvvvveneen. 562
14.3.16 CSIHNBRSy — CSIHn Baud Rate Setting Registery (y =010 3)..ccoeeeeeeeiiiiiiiiiiiiiiieeeeen. 563
14.3.17 SELCSIHDMA — CSIH DMA S€leCt REQISIEr......uuuiiiiiiieeeeii i ee e 564
14.3.18 LISt Of CAULIONS .....eutteeeieiiiiee ettt e e e e ettt e e e e e e e e e s e e e e banbbee s e e eeaaaeaeeeeansnneeees 566

S [0 (=T U] o] AR o 1 of3 O PPTRUPPPIN 569
I N @ Y= T Y PO RRPPI 569
14.4.2  INEEITUPE DEIAY ...ttt e s e e e s aneeeeeas 570
14.4.3 INTCSIHNIC (Communication Status INterrupt)...........uevereeiiiiiiiiiieeeeeeeeeeeeeeeveeen e 571

14.4.3.1  INTCSIHNIC in Direct ACCESS MOME..........uuuiiiiiiiiieieaaa e 572
14.4.3.2  INTCSIHNIC iN FIFO MOUE ...coveieeeeieiieeeeeeee e e e e e e 573
14.4.3.3  INTCSIHNIC iN JOD MOE......coiiiiiiiiiee ettt e 574
14.4.4 INTCSIHNIR (Receive Status INTErTUPL).........viiiiiiiiiiiee e 575
14.4.4.1 INTCSIHNIR in Direct ACCESS MOUE........cueiieiiiiiiiee ittt 575
14.4.4.2 INTCSIHNIR in Dual BUffer MOE.........ccvviiieiiiiiee et 576
14.45 INTCSIHNIRE (Communication Error INterrupt) ........ceevieeeeeeiiiiieee e 577

14.4.6  INTCSIHNIJC (Job Completion INTEITUPL) ....cooviiiiiiiiieeeeee e 578



R @ o =7 =i o] o IO PP TPPPTRRPPPPPPPN 579

1451  Operating Modes (MASLEI/SIAVE).........eeiiiiiiaiiii it e e 579
I I R V= 11 1= g o ¢ Lo T [ SRRSO 579
14.5.1.2  SIAVE MO ...coiiiiiiiieiiee ettt e e e e e e e e e 580

14.5.2  Master/Slave CONNECHIONS. ........ccc ettt e e e e e ee e e e e e e e s e s et eeaeeaeeeeesannsanneeeeees 581
145.2.1 One Master and ONE SIAVE.........c.ueiiieiiiiiiie et 581
14.5.2.2 One Master and MUIIPIE SIAVES .........cociiiiiiiiiiiie e 581

14.5.3  Chip Selection (CS) FEAUIES .......uuuiiiiiiiieee e e e s et ittt er e e e e e e s s s e e e e e e e e s s e s snnnnnreaeeees 583
14.5.3.1  Configuration REQISIEIS.......uuuuuiiiiii i e e e e e e e e e e e e e e e aaaaraen 583
14.5.3.2 CS EXAMPIE ...eiiiiiiiiiiiie ettt 585
I ST T TN To o T @0 o To =T o | SRR 585

14.5.4  Chip Select TIMING DELAIIS ........c.ueiiiiiiiiiiie e e 586
14.5.4.1 Changing the CIOCK Phase.........cooouiiiiiiiiiii e 586
14.5.4.2 Changing the Data PhaSe .........ccccoeiiiiiiiii s a e e e e e e e e 588

1455  Transmission ClIOCK SEIECHION ........c..uuiiiiiiiiiiie et e e 589

I I O30 1 o B =101 1= Y/ =T o o] o 591
14.5.6.1  FIFO MOOE .... .ottt e e s e e e e e e e aeaeeeeeeeeeerassrenes 591
14.5.6.2  Dual BUFfEr MOE ......cooiieee et e e e e e e e e eeneneee s 592
14.5.6.3  Transmit-Only Buffer MO .........coeiiiiiiiii s e e e e e 592
14.5.6.4  DireCt ACCESS MOUE .....cooeiiiiiiiieiite ettt e e e e e e et e e e e e e e e e e e e s annnenes 592

14.5.7  Data Transfer MOUES.......cooo ittt e e e e e e e e eee s 593
14571 TransSmMit-OnlY MOGE .......uuuiiiiiiiiiiee e e e e e e e e e 593
14.5.7.2  ReCEIVE-ONIY MOUE......uuiiiiiiiiiiiiie e e e e e e r e e e e e e e s e s s nenrereeees 593
14.5.7.3  TranSMIt/RECEIVE MOUE .......oeiiiiiiiiiiiiie e 593
TA.5.7.4  SUMIMAIY ...ttt e e e e e e e e e e e e et e ettt et eebebebbbb b e e e e e e e e e e aaaaaaaaeeeeeeeees 593

14.5.8 Data Length SEIECHON .......ccc.uuiiiiiiiicec e e e e e 594
14.5.8.1 Data Length Between 2 and 16 DitS .........cc.uuuiiiiiiiiiiiii e 594
14.5.8.2 Data Length Greater than 16 BitS..........cceeeiiiiiiiiie i 595

14.5.9 Serial Data DIreCtioN SEIECHION ........uiiiiiiiiiiee et 597

14.5.10 Slave SelecCt (SS) FUNCHON. ........uiiiii ittt et e e e sibeeee e 598
14.5.10.1 Communication Timing Using SS FUNCLION.........ccevieieiiiiiiiiiiiieree e 598
14.5.10.2 CSIHTSSO OPEIAtiON ....cccuvvvieeeeiiiiieeeeesitiieeeeesiteee e e s stbeeaesesstreeaesssstaeaeesssreeaesansses 599

14.5.11 HaNdShaKe FUNCHON. ...ttt e e et e et e e e s snbb e e e e e snbeeeeans 600
145,111 SIAVE MOUE ....iiiiiiiei ettt ettt e et e e e e ettt e e e e e e bbae e e e s anrbeeaeeannees 600
I T I O |V -1 (=T g 1Y o o = U ERPP RSP 603

I 2 4 (o] g 1< =Tl o] o [ PP 604
14.5.12.1 Data CoNnSIiStENCY CHECK .......cociiiiiiiiiiaii e 604
14.5.12.2 Palty CRECK .....ciiiiiiiiieie e neeas 606
14.5.12.3  TIME-OUL EITON ...eiiiiiiiiiiiiiitttee ettt e e e e e e e e e e e s e e e e 607
14.5.12.4 OVEIFIOW EITOF ..eeeiiiieiiee ettt ettt e e e e e e e e e e e e e e e e e e e e e e nnnneeneeees 608
14.5.12.5 OVEITUN EFTOK oottt a s e s e e e e e e e e e e e e aeaeeeeeeeeeesennnnnes 610

14.5.13 LOOP-BACK MOUE ....coeiiiiiiiiieiiee ettt e ettt e e e e e e e e e e e e e anbabbeaee s 613

14.5.14 CPU-Controlled High Priority Communication FUNCHON ............ccooeiiiiiiieiiniiieee e 615

14.5.15 Enforced Chip Select Idle SettiNg........ccuiiiiiiiiiiiiieieee e 618

I I @ o 1= o 1] o T d oo =T [ =SS 619

14.6.1 Procedures in DIreCt ACCESS MOUE ......coeieeeeiiiiieieiie et e e e e e 619

14.6.1.1 Transmit/Receive in Master Mode when Job Mode is Disabled............................ 619

14.6.1.2 Transmit/Receive in Master Mode when Job Mode is Enabled ..................ccc...... 621



14.6.2  Procedures in Transmit-Only Buffer MOGe .........coocuiiiiiiiiiiiii e 623

14.6.2.1 Transmit/Receive in Master Mode when Job Mode is Disabled............................ 623

14.6.2.2 Transmit/Receive in Master Mode when Job Mode is Enabled ............................ 625

14.6.3 Procedures in Dual BUffer MOOE .........uueiiiiiiiiiiiie et 627
14.6.3.1  Transmit/Receive in Master Mode when Job Mode is Disabled....................cc...... 627

14.6.3.2  Transmit/Receive in Master Mode when Job Mode is Enabled ............ccccccceeeeeen. 629

14.6.3.3 Transmit/Receive in Slave Mode when Job Mode is Disabled................ccccevnneee. 631

14.6.4  Procedures in FIFO MOUE ........oeuiiiiiiieiiie ettt a e e e e e beeeee s 633
14.6.4.1  Transmit/Receive in Master Mode when Job Mode is Disabled.................ccc....... 633

14.6.4.2 Transmit/Receive in Mater Mode when Job Mode is Enabled .............cccccoeeennee. 635
Section 15 Serial Communication Interface 3 (SCI3) .....covvviiiiiiiiiiiiiiiiee e 637
15.1 Features of RHB50/PLM-E SCI3 ... ..ottt et et e e 637
15.2.1  Number of Units @and ChanNEIS ..........cooviiiiiiiiii e e e 637
15.1.2  ReQISIEr BASE AUUIESS .. uuuuiiiii e e e e e e e e e et et e 638
15.1.3  ClOCK SUPPIY ..ttt ettt e bbbt e e st e e st e e e s nnneee s 638
15.0.4  INEITUPE REQUEST. ...ttt e e e et e e e e et r e e e e e et n e e e eeabbneeaaaes 638
15.1.5 RESEL SOUICES ....ouuuiiieiieii et et e et e e e et e e e ettt e e e e e e aa s e e et as b e e e e esantaseeeeentnnaanaaaes 639
15.1.6  External INput/OULPUL SIGNEAIS........covviiiiiiiiiie e e e e e e ae e 639
15.1.7 Combination Of PINS @nd POIS .........coiiiiiiiiieiiiiiiiieee e e 640
15.2  OUtliNg Of FUNCLIONS .......ooiiiiiiee e s e e s e e e e e e e e aaeeeeeeeeeeeseseaeseraaaannnes 641
15.2.1  Serial CommMUNICATION MOOES........uuiiiiieie ettt e e e et e e e e e e s aa e e eaaaas 641
T2 = 1 (o Tod [ 1T Vo | - Vo RSP 642
15.3 REQISIEr DESCIIPIIONS. ... eteieeeiitiieee ettt ee ettt e e e ettt e e e st e et e e e s bbe e e e e e sabb e e e e e s anbbeeeeeanbbeeeaesaaes 643
15.3.1 SCI3nRSR — Receive Shift REGISTEN .......ccoiiiiiiie i 644
15.3.2 SCI3nRDR — Receive Data REQISIEN ......uuuuuiiiiiii i a e 644
15.3.3  SCI3nTDR — Transmit Data REQISTEN ..........oiuuiiiiiiiiiie et 644
15.3.4 SCI3nTSR — Transmit Shift REQISIEr ........cvvviiiiiiici e 644
15.3.5 SCI3nSMR — Serial MOde REQISLEN ......coiiiiiiiiiieiiiiiie ettt 645
15.3.6  SCI3NSCR — Serial Control REQISIEN ......uvueeiieie i a e 646
15.3.7 SCI3nNSSR — Serial StatuUS REQISIE .....ccciiiiiiiiiiiiiiie e 648
15.3.8 SCI3nSCMR — Serial Transfer Format RegiSter..........ccceeveiiiiiiiiiier e 650
15.3.9 SCI3nSEMR — Serial Extended Mode REgIStEr.........cccoiiiiiiiiiiiiiieeeiece e 651
15.3.10 SCI3NBRR — Bit Rat€ REQISIEN ....ccoeeeieeeiieiice e 652
15.3.11 SCI3nMDDR — Modulation DUty REQISLEN .........cccuiiuuiiiieiiiiiiee it 655
15.4  Operation in ASYNChroN0US MOGE ........coooiieiiiiie e e e e e e e e e e e 656
15.4.1  Transmission/ReCePtioN FOMMAL............oouvviiiiiiiiiiiiie e e e e e e 657
15.4.2 Receive Data Sampling Timing and Reception Margin.............ccceveeiniiiieiiniiiee e 658

LS T0C  © [oTo ~ E R SURTRP 659
15.4.4  Double-Speed OPEIALION......ccciiiiiiiiieiite ettt as 659
15.4.5 SCI3 Initialization (ASYNChroNOUS MOUE).........uuuuiiiiiiiiee i e e eeee e e e e e e 660
15.4.6  Serial Data Transmission (ASyNnchronous MOE) ...........cocuueiiiiiiiiiieeiiiiiie e 661
15.4.7 Serial Data Reception (ASyNChronous MOUE) .......cccoeviieeiiiiiiiiiieeeeeeeee e 664
15,5 Multi-Processor Communication FUNCHION ........ooiiiiiiiiiiiiiii e 668

15.5.1  Overview and Sample CONNECHON ........civiiieeeii i e e e e e e e 668



15.5.2  Multi-Processor Serial Data TranSmMISSION ........ccccuuiiiiiiiieieeeeree it e e e e e e e 669
15.5.3  Multi-Processor Serial Data RECEPLION.........uvuvuiiiiiiiiiie e e e 670
15.6  Operation in Clock SYNChroN0OUS MOGE .........ceiiiiiieeiiiiiiiiiee e e e e e e e e e e nnenes 674
LT A 1 [ Yo PP OURT PRI 674
15.6.2  SCI3 Initialization (Clock Synchronous Mode) .............ceeiiiieiiiiiiiiiiiiiieee e 675
15.6.3  Serial Data Transmission (Clock Synchronous Mode) ...........ccccuveieiiiiiiiieiniiiieee e, 676
15.6.4  Serial Data Reception (Clock Synchronous Mode) ..o 679
15.6.5 Simultaneous Serial Data Transmission and Reception (Clock Synchronous Mode)...... 681
15.7  Bit Rate Modulation FUNCLON..........ooiiiiiiieeie e e e e e e e e e ee e e aeaeeeeeeennnneees 683
15.8  INLEITUPL SOUICES ...ttt et e oo e e e e e ettt ettt ettt beba b e e s o e oo e e e e e e aeaeeaeeeeeeesansbnbanbbennnnnnes 684
15.9  USAQE NOLES ... .ttt oo oo oo e oo oo e et ettt et eeebebab e s oo oo oo e e e e aeaaeeeeeeeeaeanbbbeanbeebnennnnnn 685
15.9.1 Break Detection and PrOoCESSING .....c.uvuuuiiuiuiiiiiiieie e e e e e e ee e e et ee e a e s e e e aaaaaa e 685
15.9.2  Mark State and Break OULIPUL..........cooi i 685
15.9.3 Receive Error Flags and Transmit Operations in Clock Synchronous Mode ................... 685
15.9.4 Relationship between Writing to SCI3nTDR and the TDRE Flag..........ccccoovviieieniiininnnnn. 685
15.9.5 Restrictions on Using an External Clock for Transmission in Clock Synchronous Mode . 686
15.9.6  External Clock Input in Clock Synchronous MOdE..............ueeiiiiiiiiiiiiiiiiiiee e 686
Section 16 LIN/UART Interface (RLIN3) ......uiiiiiiiiiiiiiiieeeeeee e 687
16.1 Features of RHB50/PLM-E RLINS ......coiiiiiiiiieeiiiiiiee ettt e ettt e e st e e e e st e e e e s snbaeeaessnebneeeeennes 687
16.1.1 Number of Units and Channels ............oouuiiiiiiiiii e 687
16.1.2 REQIStEr BASE AGUIESS......cccceeiiiieiieieee e e e s et e et e e e e e e e s s s er e e e aaeeeesssanannterreaneeeaees 688
T G T @1 o Tod LS U o] ] PR TT RS 688
G I S | ) (=T U] | =0 [ U= 688
L16.1.5  RESEL SOUICES ...coiuiiiieiiiiiie i e et e ettt e e et e e et et e e e e e e aat e e et ae b e e e e eeaataaeeeeeatansaaaaaes 688
16.1.6  External INPUL/OULPUL SIGNAIS.........uviiiiiiiiiieee s r e e e e e s e e s neeees 689
16.1.7 Combination of Pin Name and POrt Name ........cccoooeiiiiiiiiiiiiiie e 689
L16.2  OVEIVIEW ...ttt ettt et e e e oo o4 oo o kbbb b ettt e et e e e e e e e e e oa bbb bbbttt et e e e e e e e e e e aananbebeeaeeeeae e e nrnes 690
16.2.1  FUNCHONGI OVEIVIEW ...ttt ettt e e e e e e ettt e e e e e e e e e e et b breaeeeeeeas 690
16.2.2  BIOCK DIBGIAM ..coiiiiiiiiieeiiite ettt ettt e ettt e e s bbbt e e st a et e e s eabbb e e e e e nnnbeaeeas 693
16.2.3  DeSCription Of BIOCKS ......cccci e et a e e e e e e aae s 693
TG T = (= To 115 (=1 £ PR 694
16.3.1 LISt Of REGISEIS ... .eeiiiiiiiiiiiie ittt et e e sttt e e e sabba e e e e s anneeeeeas 694
16.3.2  LIN Master Related REQISIEIS ........cooviiiiiiiiiiiiicrees ettt 695
16.3.2.1 RLN3nLWBR — LIN Wake-Up Baud Rate Select Register ..........cccccevviviereennnnn. 695

16.3.2.2 RLN3nLBRPO — LIN Baud Rate Prescaler 0 Register.........ccccovvviveeiiiiiiieeeennnnen 696

16.3.2.3 RLN3nLBRP1 — LIN Baud Rate Prescaler 1 Register.......cccceeveveieiiiiiiiiiiiiiiieinnns 697

16.3.2.4 RLN3nLSTC — LIN Self-Test Control REQISIEr ........ccuvveeeiiiiiiieeeiiiiee e 698

16.3.2.5 RLN3NLMD — LIN MO REQISLEN ....cceiiiiiieeiiiiiiee ettt 699

16.3.2.6 RLN3nLBFC — LIN Break Field Configuration RegisSter............cccccooviiiiiiriiieennenn. 701

16.3.2.7 RLN3nLSC — LIN Space Configuration RegiSter..........ccccvviviereeeeieiiniiiieieeeeen 702

16.3.2.8 RLN3nLWUP — LIN Wake-Up Configuration RegiSter..........ccceeeeieiiiieeeiiiiiiieninnnns 703

16.3.2.9 RLN3nLIE — LIN Interrupt Enable RegiSter.........ccccoviiiiiiiiiiiiiiiieiieeee i 704
16.3.2.10 RLN3nLEDE — LIN Error Detection Enable RegiSter........ccccccceevvviiiicvviiiiiennennnnn. 706
16.3.2.11 RLN3NLCUC — LIN Control REQISLEN ........ccceveeeiiieieiiiiiiisieiese e e e e e eeeeeeeeeeeeeeeeannens 708

16.3.2.12 RLN3nLTRC — LIN Transmission Control RegiSter ..........cccceveeviaiiiininiiiiiiiiie, 709



16.4
16.5
16.6
16.7

16.3.2.13 RLN3NnLMST — LIN Mode Status RegiSter..........cccuiiiriiiiiniiiiieeeiiiiee e 710

16.3.2.14 RLN3NLST — LIN Status REQISEN ......ueeiiiiiieeeee i e e e s e e 711
16.3.2.15 RLN3NLEST — LIN Error Status REQISIEN .......ceeiiiiiiiiiiiiiiiiiiieiee e 713
16.3.2.16 RLN3nLDFC — LIN Data Field Configuration Register ..........c.ccccveeiriiiereiinnnn. 715
16.3.2.17 RLN3NLIDB — LIN ID BUffer REQISIEN ......ccoiveiiiiiieiiie e 717
16.3.2.18 RLN3nLCBR — LIN Checksum Buffer RegiSter ..........cccoviiiieiiiiiiieee e 718
16.3.2.19 RLN3nLDBRb — LIN Data Buffer b Register (0 =110 8) ....cccovvvvvvveeiiiiiieieinninn, 719
16.3.3  UART Related REQISIEIS ....ccceiiiiiietiiteeie ettt e e e e e e e e e e babbeaee e 721
16.3.3.1 RLN3nLWBR — LIN Wake-Up Baud Rate Select Register ..........ccccccevvvvvreennnnn. 721
16.3.3.2 RLN3nLBRPO01 — UART Baud Rate Prescaler 01 Register.............cccccvvvvvvveennn.. 722
16.3.3.3  RLN3NLMD — UART M0OAE REGISIEN ........eiiiiiiiiiiieiiie ettt 723
16.3.3.4 RLN3nLBFC — UART Configuration RegiSter...........ccccoviiiiiiieiiiiiiiee e 724
16.3.3.5 RLN3nLSC — UART Space Configuration RegiSter...........cccceeeiiiiniiiieeeeienrieeeinnnns 726
16.3.3.6  RLN3nLEDE —UART Error Detection Enable Register............cccooviiiiiiiiiieennnnnn. 727
16.3.3.7 RLN3NLCUC — UART CONtrol REQISLEN ......ccuviiieiiiiiiiie et 728
16.3.3.8 RLN3nLTRC — UART Transmission Control Register.........cccccccvveeiieeiiiiiviveninnns 729
16.3.3.9 RLN3nLMST — UART Mode Status Register..........coouiiiiiiiiiiiiiiiiieeeeeiii 730
16.3.3.10 RLN3NLST — UART Status ReQISIEr.........ceiiiiiiiiiiiiiiiiee e 731
16.3.3.11 RLN3NLEST — UART Error Status RegiSter ............ouvvviviiiiiiiiiiiiiieeeeeeeeeeeeeeeeeiennns 733
16.3.3.12 RLN3nLDFC — UART Data Field Configuration Register ............ccccoovviiiviiiiennnen. 735
16.3.3.13 RLN3nLIDB — UART ID Buffer REgIStEr .........cccoiiiiiiiieiiiiiiiieeeieeee e 736
16.3.3.14 RLN3nLUDBO — UART Data Buffer 0 RegiSter..........coccvvviiiiiiiiiieiiieeniee i 736
16.3.3.15 RLN3nLDBRb — UART Data Buffer b Register (0 =110 8)......ccceveerviiiiieennnnnn. 737
16.3.3.16 RLN3nLUOER — UART Operation Enable RegiSter.........ccccccvveeeeeeiiiiiiciiiinnnnn, 738
16.3.3.17 RLN3NLUOR1 — UART Option RegIStEr L.......cccviiiiiieiiiieiiiie it siiee e 739
16.3.3.18 RLN3nLUTDR — UART Transmission Data RegiSter ...........cccccovivveeiniiieneennnnn 741
16.3.3.19 RLN3nLURDR — UART Reception Data RegiSter ..........ccccceeviiiiiiiiiiiieeeiieieieeeinnans 742
16.3.3.20 RLN3nLUWTDR — UART Wait Transmission Data Register..............ccccvveveeeerenn. 743
INTEITUPTE SOUICES ...ttt e et e e e ettt e s e e et ee b e e e e et ta s e e e e ee b neeeeeeeabaneeeaees 744

1Y oo o PO PP TP 745
[N =TT = 1Y/ o T [ RSO 747

[ 1 o o TSP 748
16.7.1  LIN MASIEI IMOUE ....eeeiiiiieeeee ettt e e sttt e e e e e e e e e s s e s bbbt ee e et aaeeeessesnnnnsneneneees 750
16.7.1.1  Header TranSMISSION .......eviiieiiiriie et seee e snre e nnree e 750
16.7.1.2 ReSPONSE TraNSIMISSION ....uuuuuueiiisieieieeeeeeeeeeteteeeeeasierarr s sssesaeaaeaeaasaeeeeeeerernrnrnnn 751
16.7.1.3  RESPONSE RECEPION ...oeiiiiiiiiie ittt e 752
16.7.2 Data TransmiSSION/RECEPLION ......ceeviiiiiiiiiiiiiiiiciee e e e e e e et eee e e e e eaeeas 753
16.7.2.1  Dat@ TranSMISSION .......uuuiiiiiiiiieiiaaae e e ettt e et e e ae e e e e e s e aanbbeeeaeeaaaaaaeaesaaannneeseeees 753
16.7.2.2 DAt RECEPIION....cciiiiiiiiieee ittt ettt e e e 754
16.7.3  Transmission/Reception Data BUffering ............cceeeeiiieiiiiiiii i 755
16.7.3.1  Transmission Of LIN FramMeS .......ccooeii it e 755
16.7.3.2  Reception Of LIN FIamMeS ........uuuiiiiiieeiii it e e e e e e e e e e e e e sannnnaee s 756
16.7.3.3  Multi-Byte Response Transmission/Reception FUNCLION.........cccoeevviiiieeiiiiiiiieninnn, 757
16.7.4  Wake-up TransmiSSION/RECEPLION. .......uiii ittt 758
16.7.4.1  WakKe-UP TranSMISSION. ... .uuuutiiiiiiiiiieaaae ittt et e e e e e e e s bbb e e e e e e e e e e e e e e anneeeeeees 758
16.7.4.2  WaKe-UP RECEPLON......eiiiiiiiiiiieeiitiee ettt e st e e 759
16.7.4.3  WaKEUP COllISION......itiiiiieiiiiii ettt 759

L16.7.5  STALUS ..oeeiiiiiii it e et e e e e e e e 760



S T L 1 (o TGS = L (U = 761

16.7.6.1  LIN MASIEr MO ........eeiiiieiiiiiiie ettt et ettt e e e neee 761

TR T 0 7Y = 1Y o To [ PP PPTPPRRN 763
TR T80 R I - 0 S 0 01 £ o] o 763
16.8.1.1  CONtiNUOUS TraNSMISSION ....ciieiiiiiiiieeeiiitiie e e ettt e e e s ettt e e e e sbre e e e s st eee e s e nbeeeeessnneees 765

16.8.1.2  UART BUffer TranSMISSION. ........ueiiiiiiiai it e e e 766

16.8.1.3  Data@ TranSMISSION ......uuueuiiiiiiiiiiieeeeeesiesiesitiaeterereeaeeessessssnneasreeerreeaeeesesannasnnresseees 768

16.8.1.4  Transmission Start Wait FUNCLON ..........ccveiiiiiiiie e 769

16.8.2  RECEPUION ...ueeeeieeeiitiie ettt ettt ettt e ettt e e sk bt e e s bbbttt e e s s et e e e e e e e s n e e e e annn e e e as 770
GRS 2 R B T | v W == To7 =T o) 4o o 1SRRI 771

16.8.3  EXPANSION BilS....oiiiiiiiiiiiiiiii ettt 772
16.8.3.1  EXpansion Bit TranSMISSION ......c.uuiiiiiiiiiieee it 772

16.8.3.2  EXpansion Bit RECEPLION ........ccooi i e e 772

16.8.3.3  Expansion Bit Reception (with Expansion Bit Comparison) ...........cccceevveeeeennnnen. 773

16.8.3.4  Expansion Bit Reception (with Data CoOmpariSON) ..........ccoccveeeerriiiiereeniniieeeeenees 774

SRR S - (1 1S PSPPI 775
GRS T o ¢ o ] 0 = 1 L1 L 776
16.9  LIN SeIf-TESEIMOUE ...ttt e e et e e e st e e e e s abb e e e e e sabeeeaeeaaes 777
16.9.1  Transitioning t0 LIN Self-TeSt MOUE ........cooiiiiiiiieeiiiet e 779
16.9.2  Transmission in LIN Master Self-TeSt MO ...........ueviiiiiiiiiiiiiiiiie e 780
16.9.3 Reception in LIN Master Self-TeSt MOUE..........uuiiiiiiiiiiiei e 781
16.9.4 Terminating LIN Self-TeSt MOUE...........uuuiurmiiiiieie e a e e e e 782
T O oV Tl = (= 1= =T = Lo SR 783
16.10.1 LIN MASIEN IMOUE .....eeeiieiiiieiie ettt ettt e e st e e e st e e s snnat e e e e e s nnreee s 783
16.10.2 UART MOGE....ciiiiiiiiiiiieeiitiieiee e ettt e e et eeeesstaeeae e s sbaaeeeessstaaeaesassseeeesanssaeeeesanssaeeeesaseeenas 785
L16.11  NOISE FIEI ...ttt e e e e e e ettt et e e e e e e e e e s e s bbb breeeeaeeeeaeeaaannnes 786
Section 17 CANFD Interface (RS-CANFD)......cciiiiiiiiiieiiiiieeeeieeiee e e eeeeenees 788
17.1  Features of RHB50/PLM-E RS-CANFD .......outtiiiiiiiiiiiiiiiiieee et e e e er e e e e e e e e e s s e snnnnees 788
17.2.1  Number of Units and ChanNElS ..........cooviiiiiiiiii e e e 788

A T B LYo [15] (] gl = =TT AN [0 | €] 791
17.1.3  ClOCK SUPPIY .ttt ettt e et e e st e e e st e e e e s anneeae s 791
17.0.4  INTEITUPE REQUESTS ...ttt e e e e e e e et n e e e e e tabnn e e e e eabanaeaaaes 792

A T LT 0 1 | o = SR 793
17.1.6  External INput/OULPUL SIGNEAIS.......ccoveiiiiiiiiicieie e e e e e e e ae e 793
17.1.7  Combinations of PiNS and POIS ..........cooiiiiiiiiiiiiiieiee e 793
L7.2  OVBIVIBW ...ttt ettt ettt e e e e o4 4o ookt bt bttt ettt e e e e e e e e e aaaaenbeseeeeeeaeaeeeaeeaaannnbeteaaaeeeaesaaannnes 794
17.2.1  FUNCHONGI OVEIVIEW ...ttt ettt e e e e e ettt e e e e e e e e e e e e aabbb e e eeeeeeens 794
N | 01 (=Y o = Tod =1, o T [ OSSP 796
A T =11 Yo Q- Vo |- 1 797
17.3 Registers (ClassiCal CAN MOUE) ......uuuuiuuuiiiiiii i ittt s s s e e e e e e e e e aeeeeeeeeeaeernrnnnne 798
A Tt R IR ) o ) 1 L=T 0 1) (= SRS 798
17.3.2  Details of Interface Mode-Related RegQIStErsS........cc.uuuiiiiiiiiiiiaiii e 802
17.3.2.1 RSCANNGRMCFG — Global Interface Mode Select Register ...........ccccveveernnnen 802

17.3.3  Details of Channel-Related REQISIEIS ........uuuiiiiiiiii e 803



17.3.3.1 RSCANNCmCFG — Channel m Configuration Register (M =010 2) .........ccc..... 803
17.3.3.2 RSCANNnCmMCTR — Channel m Control Register (M =010 2) ..........ccceecvvrrrvnnnnn. 805
17.3.3.3 RSCANNCmMSTS — Channel m Status Register (M =010 2) ......ccoeeviiiiiriiiiennnnn. 810
17.3.3.4 RSCANNnCmMERFL — Channel m Error Flag Register (M =010 2) ......cccveveernnnen 812
17.3.4 Details of Global-Related REQISLEIS ..........uuviuiiiiiiiiiii e 816
17.3.4.1 RSCANNGCFG — Global Configuration RegiSter...........ccccvvieeiiiiiiieeiniiiiee e 816
17.3.4.2 RSCANNGCTR — Global Control REQISIEr.......cuuviiieeeieiiiiiiiiiiiieeee e 819
17.3.4.3 RSCANNGSTS — Global Status RegIStEr ..........cceeiuiiiiiiieiiiee e 821
17.3.4.4 RSCANNGERFL — Global Error Flag RegISter .........cuevieiiiiiiiiiiiiiiiee e 823
17.3.45 RSCANNnGTSC — Global Timestamp Counter RegiSter.......ccccccceeeevvviiicvrvvvnennnnn. 825
17.3.4.6  RSCANNGTINTSTSO — Global TX Interrupt Status Register 0 .............cccceeeeeeennn. 826
17.3.4.7 RSCANNGFDCFG — Global FD Configuration Register ............ccccvveeiiiiiereennninn 829
17.3.5 Details of Receive Rule-related RegiSIErS........cveieiiiiiiiie e 830
17.3.5.1 RSCANNGAFLECTR — Receive Rule Entry Control Register ............ccccceveevnnnnee. 830
17.3.5.2 RSCANNGAFLCFGO — Receive Rule Configuration Register O............cccceevuueee. 831
17.3.5.3 RSCANNGAFLIDj — Receive Rule ID Register j (=010 15)..ccccceevvieiieieiiiiiinenns 832
17.3.5.4 RSCANNGAFLMj— Receive Rule Mask Register j (j = 0t0 15) ......coovvveveernnnnnen. 834
17.3.5.5 RSCANNnGAFLPO_j— Receive Rule Pointer 0 Register j (j=01t0 15) .........ccee.... 835
17.3.5.6 RSCANNGAFLP1_j — Receive Rule Pointer 1 Register j (j=0to 15) ................. 837
17.3.6  Details of Receive Buffer-Related REQISErS ........ocuuviiiiiiiiiiiieiiiiee e 838
17.3.6.1 RSCANNRMNB — Receive Buffer Number Register..........ccccceeviiiiiiiiieiieiiiiiininnns 838
17.3.6.2 RSCANnRMNDy — Receive Buffer New Data Registery (y =0, 1)....oeeeeeeeeeenenn. 839
17.3.6.3 RSCANNnRMIDg — Receive Buffer ID Register g ( = 0t0 47) ..ccveveeriviieeneennnnn 840
17.3.6.4 RSCANNRMPTRg — Receive Buffer Pointer Register q (q=01t0 47) ................. 841
17.3.6.5 RSCANnRMDFO0_g — Receive Buffer Data Field 0 Register q (g = 0 to 47)........ 842
17.3.6.6 RSCANnRMDF1_gq — Receive Buffer Data Field 1 Register q (g = 0 to 47)........ 843
17.3.7 Details of Receive FIFO Buffer-Related REQISLErS ...........ccuvviiiiiiiiiiiiiiiiieee e 844
17.3.7.1 RSCANNnRFCCx — Receive FIFO Buffer Configuration and Control Register x
[ O (o I 4 PP PTPPRT 844
17.3.7.2 RSCANNnRFSTSx — Receive FIFO Buffer Status Register x (x =0t0 7) ............. 846
17.3.7.3 RSCANNRFPCTRx — Receive FIFO Buffer Pointer Control Register x
G VI (o 4 OO PP PUPPPPTPOPPPPPN 848
17.3.7.4 RSCANNnRFIDx — Receive FIFO Buffer Access ID Register x (x =0t0 7) .......... 849
17.3.7.5 RSCANnRFPTRx — Receive FIFO Buffer Access Pointer Register x (x = 0 to 7) 850
17.3.7.6 RSCANNRFDFO_x — Receive FIFO Buffer Access Data Field 0 Register x
[ O (o I OO PP PTTPUPPRT 851
17.3.7.7 RSCANNnRFDF1_x — Receive FIFO Buffer Access Data Field 1 Register x
L 0 (o T4 P 852
17.3.8  Details of Transmit/Receive FIFO Buffer-Related Registers ...........ccccoeaiiiiiiiiiiiiiiiinnnen. 853
17.3.8.1 RSCANNCFCCk — Transmit/receive FIFO Buffer Configuration and Control
REQISLEr K (K= 010 8) .eeeiiiiiiieiiiiiee ettt 853
17.3.8.2 RSCANNnCFSTSk — Transmit/receive FIFO Buffer Status Register k (k = 0 to 8) 857
17.3.8.3 RSCANnCFPCTRk — Transmit/receive FIFO Buffer Pointer Control Register k
(G O (o 1 ) TP R 861
17.3.8.4 RSCANNCFIDk — Transmit/receive FIFO Buffer Access ID Register k
(I O (o =) SRR 863
17.3.8.5 RSCANNnCFPTRK — Transmit/receive FIFO Buffer Access Pointer Register k
(GO (o I =) TP PO PP UPPTUPPPON 865
17.3.8.6 RSCANNCFDFO0_k — Transmit/receive FIFO Buffer Access Data Field O
REQISEr K (K= 010 8) .eiiiiiiiiiie ittt 867

17.3.8.7

RSCANNCFDF1_k — Transmit/receive FIFO Buffer Access Data Field 1



REQISEr K (K= 010 8) .eeiiiiiiiiie ittt 868

17.3.9 Details of FIFO Status-Related ReQISIEIS .........uvvviiiiiiiiiii e 869
17.3.9.1 RSCANNFESTS — FIFO Empty Status RegiSter...........ccuviiiiiaiiiiiiiiiiiiiiiieeeeeeenn. 869
17.3.9.2 RSCANNFFSTS — FIFO Full Status RegiSter .........ccccveeiiiiiiieeiiiicee e 871
17.3.9.3 RSCANNFMSTS — FIFO Message Lost Status Register.........ccccvevvveiiiiiieeeeeeenn.. 873
17.3.9.4 RSCANNRFISTS — Receive FIFO Buffer Interrupt Flag Status Register............. 875
17.3.9.5 RSCANNCFRISTS — Transmit/receive FIFO Buffer Receive Interrupt Flag

SEAIUS REGISTEN ...eiieiiiieiie e et e e et e e e e b e e e e enneee 876
17.3.9.6  RSCANNCFTISTS — Transmit/receive FIFO Buffer Transmit Interrupt Flag
StALUS REGISTOT ..ttt e e et e et e e e e e e e e e b e e e 877

17.3.10 Details of Transmit Buffer-Related ReQIStErS ........cuvviviiiiiiiiiiiii e 878
17.3.10.1 RSCANNnTMCp — Transmit Buffer Control Register p (p = 0t0 47) cccvvvvvvvvereennn. 878
17.3.10.2 RSCANNTMSTSp — Transmit Buffer Status Register p (0 =010 47) ....cccevvnneen. 880
17.3.10.3 RSCANNTMIDp — Transmit Buffer ID Register p (0 =010 47) ccvevveevviiieeeeeinnnen. 882
17.3.10.4 RSCANNTMPTRp — Transmit Buffer Pointer Register p (p = 0to 47)................. 884
17.3.10.5 RSCANNnTMDFO_p — Transmit Buffer Data Field O Register p (p =010 47) ....... 886
17.3.10.6 RSCANNnTMDF1_p — Transmit Buffer Data Field 1 Register p (p =010 47) ....... 887
17.3.10.7 RSCANNTMIECy — Transmit Buffer Interrupt Enable Configuration Register y

2 TR TP PEUPPPRR 888

17.3.11 Details of Transmit Buffer Status-Related RegiStErs ...........covviiiiiiiiiiiiiiiieiee e 890

17.3.11.1 RSCANNTMTRSTSy — Transmit Buffer Transmit Request Status Register y

2 TR TP PRUP PRSP 890
17.3.11.2 RSCANNTMTARSTSy — Transmit Buffer Transmit Abort Request Status

REGISIEN Y (Y = 0, L) eeeeiiiieiieeee ettt e e e e e e e e s e nnb bbb eeeaaaaaeeas 892
17.3.11.3 RSCANNTMTCSTSy — Transmit Buffer Transmit Complete Status Register y

2 TR T PP PEPP PRSP 894
17.3.11.4 RSCANNTMTASTSy — Transmit Buffer Transmit Abort Status Register y

2 TR T PRSP 896

17.3.12 Details of Transmit Queue-Related ReQISIEIS ........ccoiiiiiiiiiiiiiiiiie e 898

17.3.12.1 RSCANNTXQCCm — Transmit Queue Configuration and Control Register m

(LU O (o 122 PP PRPRPPRPN 898
17.3.12.2 RSCANNTXQSTSm — Transmit Queue Status Register m (m =010 2).............. 900
17.3.12.3 RSCANNTXQPCTRm — Transmit Queue Pointer Control Register m

(LT (o ) S 902

17.3.13 Details of Transmit history-related RegiSters............ceiiiiiiiiiiiiiiiiiii e 903

17.3.13.1 RSCANNnTHLCCm — Transmit History Configuration and Control Register m

(LI O (o 122 R 903
17.3.13.2 RSCANNTHLSTSm — Transmit History Status Register m (m =010 2).............. 905
17.3.13.3 RSCANNTHLPCTRm — Transmit History Pointer Control Register m

(LI O (o 1) PP UTU TSRO 907
17.3.13.4 RSCANNTHLACCm — Transmit History Access Registerm (m=0t0 2)............ 908

17.3.14 Details of Test-Related REQISIEIS..........oeuuuiiiiiiiiii e e e e 910
17.3.14.1 RSCANNGTSTCFG — Global Test Configuration Register...........ccccoovvveeeennnnnen. 910
17.3.14.2 RSCANNGTSTCTR — Global Test Control RegiSter........cccccvvvveeeeeiiiiiciiiniieeeenn. 912
17.3.14.3 RSCANNGLOCKK — Global Lock Key RegiSter...........cccvvvvvvivviiniiiiiieiieeeeeeeeeeen 913
17.3.14.4 RSCANNRPGACCr— RAM Test Page Access Registerr (r =010 63) ................ 914

17.3.15 Details of MOde ReaU REQISLEN.........coiieieiiiiiecie et aaaa e 915
17.3.15.1 RSCANNCANFDMDR — CAN FD Mode Read RegiSter ..........cccvvvveeiiciireeennnnen, 915

A S = To 1R (=T R (OF A\l 2N 1Y/ To [ N 916

A O I 1) A o) (=T ] (=T 916



17.4.2 Details of Interface Mode-Related REJISIEIS .......ccoiiiiiiiiiiiiiiiee e 920

17.4.2.1 RSCFDnCFDGRMCFG — Global Interface Mode Select Register ...................... 920
17.4.3 Details of Channel-Related REQISLErS .........cooiiiiiiiiiiiiieiieeee e 921
17.4.3.1 RSCFDnCFDCmNCFG — Channel m Nominal Bit Rate Configuration Register

LI (o 12 USRS 921
17.4.3.2 RSCFDnCFDCmMCTR — Channel m Control Register M =01t02)...........ccceeee. 923
17.4.3.3 RSCFDNCFDCmSTS — Channel m Status Register (N =010 2).......ccccveeervnnen. 928
17.4.3.4 RSCFDnCFDCmMERFL — Channel m Error Flag Register (m =010 2)................ 931
17.4.3.5 RSCFDnCFDCmDCFG — Channel m Data Bit Rate Configuration Register
(LI O (o 1) PP U TU TR OPPRPP 935
17.4.3.6 RSCFDnCFDCmFDCFG — Channel m CAN FD Configuration Register
(LIS O (0 12 O PP P T OUPPPPPOPPPPPN 938
17.4.3.7 RSCFDNnCFDCmMFDCTR — Channel m CAN FD Control Register (m =0 to 2)... 942
17.4.3.8 RSCFDnCFDCmMFDSTS — Channel m CAN FD Status Register (m = 0 to 2)..... 943
17.4.3.9 RSCFDnNCFDCmFDCRC — Channel m CAN FD CRC Register (m=0t0 2)...... 946
17.4.4  Details of Global-Related REQISLEIS .........ovuuiuiiiiiiiiie e 948
17.44.1 RSCFDNCFDGCFG — Global Configuration Register .........ccccoccvvveiiniiiineeinnn 948
17.4.4.2 RSCFDNCFDGCTR — Global Control RegISter .......cccuvvviiieiiiieeeeee e 952
17.4.4.3 RSCFDNCFDGSTS — Global Status ReQISter .........uuuuveiiiiiiiieiiie e, 954
17.4.4.4 RSCFDNCFDGERFL — Global Error Flag RegiSter .........occoveeiiiiiiieiiiiieeeee 956
17.4.45 RSCFDNCFDGTSC — Global Timestamp Counter Register...........ccccccvvvvveeennnn.. 958
17.4.4.6 RSCFDNCFDGTINTSTS0 — Global TX Interrupt Status Register O .................... 959
17.4.4.7 RSCFDNCFDGFDCFG — Global FD Configuration Register...........cccccceveeennnnnee. 962
17.4.5 Details of Receive Rule-related REQISIErS........oiiiiiiiiiiiiii i 963
17.45.1 RSCFDNnCFDGAFLECTR — Receive Rule Entry Control Register...................... 963
17.45.2 RSCFDnCFDGAFLCFGO — Receive Rule Configuration Register O................... 964
17.45.3 RSCFDNnCFDGAFLIDj — Receive Rule ID Register j = 0t0 15).......ccccveeernnen. 966
17.45.4 RSCFDnCFDGAFLM]— Receive Rule Mask Registerj (j =010 15) .........cccu.eee. 968
17.455 RSCFDnCFDGAFLPO_j— Receive Rule Pointer 0 Register j (j = 0 to 15) .......... 969
17.45.6 RSCFDnCFDGAFLP1_j— Receive Rule Pointer 1 Register j (j = 0 to 15) .......... 971
17.4.6 Details of Receive Buffer-related ReQIStErS........coovuiiiiiiiiiiiiiiiiie e 972
17.4.6.1 RSCFDnCFDRMNB — Receive Buffer Number Register........cccccccvevveeeiiiiiiiininns 972
17.4.6.2 RSCFDnCFDRMNDy — Receive Buffer New Data Registery (y =0, 1) ............. 973
17.4.6.3 RSCFDNnCFDRMIDq — Receive Buffer ID Register q (=010 47).....ccccceeerrnnen. 974
17.4.6.4 RSCFDnCFDRMPTR(q — Receive Buffer Pointer Register q (q = 0to 47) .......... 975
17.4.6.5 RSCFDnCFDRMFDSTSq — Receive Buffer CAN FD Status Register q
(o T O (o I SRRSO 977
17.46.6 RSCFDnCFDRMDFb_q — Receive Buffer Data Field b Register q
(ST O (o I o T O N (o 30 T S 978
17.4.7 Details of Receive FIFO Buffer-related RegIStErs ..........coooiiiiiiiiiiiiiiiieeee e 979
17.4.7.1 RSCFDnCFDRFCCx — Receive FIFO Buffer Configuration and Control
REGISTEN X (X = 0 10 7) eeeiieiieeeie ittt e e e e e e e e s e e s et eeeeaeae e s 979
17.4.7.2 RSCFDnCFDRFSTSx — Receive FIFO Buffer Status Register x (x=0to 7)...... 981
17.4.7.3 RSCFDnCFDRFPCTRx — Receive FIFO Buffer Pointer Control Register x
L O (o T 4 T TR 983
17.4.7.4 RSCFDnCFDRFIDx — Receive FIFO Buffer Access ID Register x (x =0t0 7) ... 984
17.4.7.5 RSCFDnCFDRFPTRx — Receive FIFO Buffer Access Pointer Register x
L O (o 4 SRR 985
17.4.7.6 RSCFDnCFDRFFDSTSx — Receive FIFO CAN FD Status Register x
LT O (o T 4 TSR RTOP 987
17.4.7.7 RSCFDnCFDRFDFd_x — Receive FIFO Buffer Access Data Field d Register x



(A= 01015, X T 0T0 7) ceeiiiiiiieee ittt ettt e e e eb e e 988

17.4.8 Transmit/Receive FIFO Buffer Related RegiSters ... 989
17.4.8.1 RSCFDnCFDCFCCk — Transmit/receive FIFO Buffer Configuration and
Control Register K (K =010 8) ...oiiiiiiiiiiiieee et 989
17.4.8.2 RSCFDnCFDCFSTSk — Transmit/receive FIFO Buffer Status Register k
[ O (o TN ) PR PR 993
17.4.8.3 RSCFDnCFDCFPCTRk — Transmit/receive FIFO Buffer Pointer Control
T R (T S O (o = ) T 996
17.4.8.4 RSCFDnCFDCFIDk — Transmit/receive FIFO Buffer Access ID Register k
L O (o X ) PR 998
17.4.8.5 RSCFDnCFDCFPTRkK — Transmit/receive FIFO Buffer Access Pointer
R YCTo 1S oL (i O (o X = ) PRSP 1000
17.4.8.6 RSCFDnCFDCFFDCSTSk — Transmit/Receive FIFO CAN FD Configuration
/ Status Register K (K = 010 8)...uuiiiiiiiiiee ittt 1002
17.4.8.7 RSCFDnCFDCFDFd_k — Transmit/receive FIFO Buffer Access Data Field d
Register K (d =010 15, K= 010 8)..couvriiiiiiiiiiiieeiie e 1004
17.4.9 Details of FIFO Status-related REQISIEIS.........ceuuuviiiiiiiiii it 1005
17.49.1 RSCFDNCFDFESTS — FIFO Empty Status RegiSter .........ccccovveveeiiiiieeeeeenee 1005
17.4.9.2 RSCFDNCFDFFSTS — FIFO Full Status Register..........cccccvvveviiieeeee e, 1007
17.4.9.3 RSCFDNnCFDFMSTS — FIFO Message Lost Status Register..........ccccoeeeeeeeeen.. 1009
17.4.9.4 RSCFDnCFDRFISTS — Receive FIFO Buffer Interrupt Flag Status Register ... 1011
17.4.9.5 RSCFDnCFDCFRISTS — Transmit/receive FIFO Buffer Receive Interrupt Flag
S -0 LT o 1 =] P 1012
17.49.6 RSCFDnCFDCFTISTS — Transmit/receive FIFO Buffer Transmit Interrupt Flag
StALUS REGISTON ...ttt e e e e et e e e e e e e e e e e e e nennre e ees 1013
17.4.10 Details of FIFO DMA-Related REQIStErS........cccccviiiiiiiiieie e e e 1014
17.4.10.1 RSCFDNCFDCDTCT — DMA Enable RegiSter .........ccccveeiiiiiieeeiiiiiiie i 1014
17.4.10.2 RSCFDNCFDCDTSTS — DMA Status RegiSter.......ccccveeiiiviieeeiiiiiie e eeiiiee e 1016
17.4.11 Details of Transmit Buffer-related RegISIErS..........uuuuiiiiiieeeiiiiiiiiieieiee e 1018
17.4.11.1 RSCFDnCFDTMCp — Transmit Buffer Control Register p (p = 0 to 47) ............ 1018
17.4.11.2 RSCFDnCFDTMSTSp — Transmit Buffer Status Register p (p = 0to 47) ......... 1020
17.4.11.3 RSCFDnCFDTMIDp — Transmit Buffer ID Registerp (p =0t0 47) ...cccccvvvvvnneen. 1022
17.4.11.4 RSCFDnCFDTMPTRp — Transmit Buffer Pointer Register p (p = 0 to 47)........ 1024
17.4.11.5 RSCFDnCFDTMFDCTRp — Transmit Buffer CAN FD Configuration Register p
(I O (0 10 PPN 1026
17.4.11.6 RSCFDnCFDTMDFb_p — Transmit Buffer Data Field b Register p
(I O (oI B o B 0 (o 1 ) PP UUPPRRPRRN 1028
17.4.11.7 RSCFDnCFDTMIECy — Transmit Buffer Interrupt Enable Configuration
REGISIEN Y (Y = 0, L) eeeeiiiiiiie ettt e e e e e e e e s e eeaeaaaee e s 1029
17.4.12 Details of Transmit Buffer Status-related REQISIErS ......cccevvviiieieieiiieiieeeee 1031
17.4.12.1 RSCFDnCFDTMTRSTSy — Transmit Buffer Transmit Request Status
REGISIEN Y (Y = 0, L) eeteiiiiiiieee ettt e e e e e e e e e e e e e e as 1031
17.4.12.2 RSCFDnCFDTMTARSTSy — Transmit Buffer Transmit Abort Request Status
REGISIEN Y (Y = 0, L) teeiieiiieiee i e et r e e e e e e e e s s eraeaeeeeeean 1033
17.4.12.3 RSCFDnCFDTMTCSTSy — Transmit Buffer Transmit Complete Status
REGISIEN Y (Y = 0, L) eeeeieiiiiiee ittt e e e e e e 1035
17.4.12.4 RSCFDnCFDTMTASTSy — Transmit Buffer Transmit Abort Status Register y
2 TR TP PPRRRRRRR 1037
17.4.13 Details of Transmit Queue-related REQISLEIS ......cuviiieeeiiiiiiiiireee e 1039
17.4.13.1 RSCFDnCFDTXQCCm — Transmit Queue Configuration and Control
Register M (M = 010 2) .oooieiiiiiieeeee e a e 1039
17.4.13.2 RSCFDnCFDTXQSTSm — Transmit Queue Status Register m (m = 0to 2)..... 1041



17.4.13.3 RSCFDnCFDTXQPCTRm — Transmit Queue Pointer Control Register m

(M T 0 0 2) ittt e e e e e e 1043
17.4.14 Details of Transmit History-related REeQIStErS .......ccceeevieiiiiieiiiiieeeeeeer e 1044
17.4.14.1 RSCFDnCFDTHLCCm — Transmit History Configuration and Control
Register M (M = 010 2) .ooiiiiiiiiiiee et e e e e e e 1044
17.4.14.2 RSCFDNnCFDTHLSTSm — Transmit History Status Register m (m = 0to 2)..... 1046
17.4.14.3 RSCFDNnCFDTHLPCTRm — Transmit History Pointer Control Register m
(LI O (o 1) P PPRPRRRRR 1048
17.4.14.4 RSCFDnCFDTHLACCm — Transmit History Access Register m (m =0 to 2)... 1049
17.4.15 Details of Test-related REQISIEIS ......ccuiiiiieeiii i 1051
17.4.15.1 RSCFDNnCFDGTSTCFG — Global Test Configuration Register......................... 1051
17.4.15.2 RSCFDNCFDGTSTCTR — Global Test Control Register...........ccccevvviiiveeeeennnen 1053
17.4.15.3 RSCFDNCFDGLOCKK — Global Lock Key RegIiSter ........ccceveeviiiiieeeiiiiiiieaeninns 1054
17.4.15.4 RSCFDnCFDRPGACCr — RAM Test Page Access Registerr (r =0to 63)...... 1055
17.4.16 Details of MOde Read REQISIEN.........covveiiiiiiiiiiieie e a e e e e e e e 1056
17.4.16.1 RSCFDNCANFDMDR — CAN FD Mode Read RegiSter ...........ccccvvvveeiiivvieeeennnns 1056
17.5 Interrupt SOUrCeS and DMA THQOE ..uuuuuru i ie e e i et e e e e e e e e ettt s e s e s e e e e aaeaaaaeaeeeeeeanes 1057
17.5.1  INTEITUPE SOUICES ...uiiiieiiiiee ettt e et e e e e e e r e s e e et ae e e e e e e bbb e e e e e eeba s 1057
17.5.2 DMA Trigger (Only in CAN FD MOE) .....cccoiumiiiiiiiiiiiee ittt 1061
I T O A NV /T To = PR PSRRPPRRR 1062
17.6.1  GIODAI IMOUES ...ttt ettt e e e e e e e bbb e et e e e e e e e e e e annnnee s 1062
17.6.1.1  Global SIOP MOUE.......eiiiiiiiiiiie ettt e e e e e e anes 1064
17.6.1.2  GIlobal RESEt MOUE. ......ciiiiiiiiiiie it e e 1064
17.6.1.3  GlObal TESEMOE ... ..t 1064
17.6.1.4  Global Operating MOOE ..........coooiiiiiiiiiiiiiiie e e e 1064
17.6.2  ChANNEI IMOUOES .....eeeiiiiiieeeee ittt e e e e e e e e et e e e e e e e e e e e e e e e annrbneeees 1065
17.6.2.1  Channel StOP MO .........uuiiiiiiiieeaiie e 1066
17.6.2.2  Channel RESEE MOUE..........uuiiiiiiiiiiie ettt et e e e e e e s anes 1066
17.6.2.3  Channel Halt MOE..........ccuuuiiiiiiiiiee e 1067
17.6.2.4 Channel Communication MOE ...........ccoiuuiiiiiiiiiiie e 1068
17.6.2.5  BUS Off SEALE ....uiiiiiiiiiiiie ittt s e e e e e e srbae e e e s e 1069
17.6.3 Initializing Registers by Transition t0 CAN MOdE ..........cccviiieiiiiiiiie e 1070
17.7  RECEPUON FUNCLIONS ... ..ttt ettt e e e e e e e e s e bbb e teeeeeaaeeeeeeaaneeeeeees 1072
17.7.1  Data Processing Using the Receive Rule Table.......ccccccceeeeiiiiiiiiiiiiieeeece e 1072
17.7.1.1  Acceptance Filter PrOCESSING .......ccuurteiiiiiiiieee ittt ee e 1073
17.7.1.2  DLC Filter PrOCESSING ..eeiiiiiiiiiiieiiiiiee ettt st e e s sbbeeee e 1074
17.7.1.3  ROULING PrOCESSING .ceieieiieeieieiiiiiiiieisie s e e e e e e e e e e e et et et eeeae et s e s e s e e e aeaeaaaeeneeeennes 1074
17.7.1.4  Label Addition ProCeSSING ......ccciiiiiiiiiaiiiiiie ettt 1074
17.7.1.5  Mirror FUNCLION PrOCESSING ...eeiiiiiiiiiiieeiiiiiee e e ieitiiee e sttt ee et e et e e e e sibaeeee e e 1074
A L T T 1= = T o o SRR 1075
17.8  TransSmission FUNCHONS.........cciiiiiiiiiiiic s 1076
17.8.1  Transmit Priority Determination ............ccceeiiiiiiiiiiiiiiee e e e e e eee e 1077
17.8.2  Transmission Using Transmit BUffers...........oooouiiii e 1077
17.8.2.1  Transmit ADOI FUNCLION .....oiiiiiiie i e e e e e e 1077
17.8.2.2 One-Shot Transmission Function (Retransmission Disabling Function)............. 1078
17.8.2.3  Transmit Buffer Merge Mode (Only in CAN FD MOdE)........cccvvviiieiiiininiiiiiiiiiine. 1078
17.8.3  Transmission UsiNg FIFO BUFEIS .......uiiiiiiiii e 1078

17.8.3.1 Interval TransSmiSSION FUNCLION ........uviiiii et e s 1079



17.8.4  Transmission Using TranSmMit QUEUES .........uueiiiiiiiiiiieiiiiieee ettt e et 1082

17.8.5 Transmit Data Padding (Only in CAN FD MOE) ........cccceeiiiiiiiiiieeeeese e 1082
17.8.6  Transmit HiStOry FUNCHION........cooiuiiiiiiiiiii et 1082
17.9  GAteWaY FUNCHION ...ttt ettt e e e e e e e e e s et e e eeeeeaeaeaeeeeanneneeeees 1084
17.9.1 CAN-CAN FD Gateway (Only in CAN FD MOUE) .....eeeiiiiieeiiiiiiiiiiiiiieeeee e 1084
L17.200  TESE FUNCHION ..cctiiie ettt ettt e e e e e e e e e et b ettt et e e ee e e e e e saababbebeeeeeeeaeaannebeeeees 1085
17.10.1 Standard TSt MOUE ........uuiiieiiiiiiiie ettt e e e e e sabbeeee e annnees 1085
17.20.2  LiStEN-ONIY IMOUE ....eeiiiiiiiiee ettt e e e e e e e et e e e e e e e e e e e e e e nnnneeees 1085
17.10.3 Self-Test Mode (LOOPhAaCk MOUE) ......cccvveeiieeiie e 1086
17.10.3.1 Self-Test Mode 0 (External Loopback Mode)...........coccuiiiiiiiiiiiiiiiiiiiieeeee, 1086
17.10.3.2 Self-Test Mode 1 (Internal Loopback Mode) ...........cccuveiiiiiiiiiiiiiiiiieieiieeeee 1087

17.10.4 Restricted Operation Mode (Only in CAN FD MOdE).........ccceeeiiiiiiiiieeecce e 1087
0t 0 R T AN 1Y R = PP 1087
17.10.6 Inter-Channel CommuUuNICALION TEST......coiiiiiiiiiiiiie e 1088
17.10.6.1 CRC EITOI TSt .iiiitiitititiiie ettt ettt s e e e e e e e e e e e e aaaeeeeeeeenennnes 1089

17.11 RS-CANFD Setting ProCedure ...........ccccociiiiiiiiiiiiiiiicii s 1090
0 O R [ 11 = LIRS Y=Y 1] T 1 PSSP 1090
0t O R O [ Tod L QST 11 o [T PP PPPP T PPPPPP 1092
A 0 2 = Y1 I T o RS T=1 1] o P 1092
17.11.1.3 Communication Speed SettiNg..........cooiiiiiiiiiiiiiiee e 1094
17.11.1.4 ReCeIVE RUIE SELING .....eiiiiitiiiiiii ittt 1096
17.11.1.5 BUfEr SEHING....civiiiiiiiiiicies e e s e e e e e e e aeaaaaeeeeeeeaaaanes 1097
17.11.1.6 Transmitter Delay Compensation (Only in CAN FD Mod€).........ccoevviiiiiiiiirinnnnn. 1099

17.11.2 RECEPLION PrOCEAUIE ........ueiiiiiitieiee ettt e e e e e e e nneeeas 1100
17.11.2.1 Receive Buffer Reading ProCeaUIe.............cueiiiiiiiiiiiiiiiiiiiiieeeee e 1100
17.11.2.2 FIFO Buffer Reading ProCeaUre...........c..eviiiiiiiiiieiiiiiee e 1102
17.11.2.3 FIFO Buffer Reading Procedure by DMA Transfer .......cccccocccvvveeeeiiiiisccciiviieen, 1106

17.11.3  TransSmMiSSION PrOCEAUNE.........oiiiiiiiiiiiii et ettt e e e e et e e e e e e e e e e e e anneneaees 1107
17.11.3.1 Procedure for Transmission from Transmit Buffers...........cccccccvviiiiiiiie e, 1107
17.11.3.2 Procedure for Transmission from Transmit/Receive FIFO Buffers ..................... 1112
17.11.3.3 Procedure for Transmission from the Transmit QUEUE ........cccceeeeeieeiiiieiiiiiiinnnnn, 1116
17.11.3.4 Transmit History Buffer Reading Procedure............cccooovvvviiiiiieeiie e, 1117

I T A =TS ST 11 Vo 1 PP UR TR 1118
17.11.4.1 Self-Test Mode Setting ProCeAUIE ............eeeiiiiiiiiiieiiiee e 1118
17.11.4.2 Procedure for Releasing the ProteCtion .........cccceeevvviiiiiiiiiieieeece e 1119
17.11.4.3 RAM TesSt Setting ProCEAUIE.........uuiiiiiiiiiieiee ettt 1120
17.11.4.4 Inter-Channel Communication Test Setting Procedure.............coccoceeiiiiieeennnnn. 1121

17.12 Notes 0on the RS-CANFD MOUUIE .......uuuiiiiiiiiieeeie et 1122
Section 18  FIEXRAY (FLXA) .oiiiiiiiiiiiiee ettt e e e e 1124
18.1  Features of RHB50/PLM-E FLXA ..ottt ettt e sttt e e e s sttaee e e s antbeeee e e 1124
18.1.1  Number of Units and Channels ..............ooiiiiiiiiiii e 1124
18.1.2  ReQiSter Base AQUIrESS. ... .coi ittt e e e e e e et e e e e e e e e e e e e e nnneneaees 1124
T O T O o o] QS U ] ]| ST 1125
18.1.4  INLEITUPT REQUESTS ...ttt e e e e e e e e e e et e et e e et bbb bt e e e e e s 1125

RS T S T = J =TT~ o] Uo7 =N 1125



18.1.6  External INPUL/OULPUL PINS.......coiuiiiiiiiiiiiee ittt et 1126

18.1.7 Combinations of PiNS and POIS ...........euiiiiiiiiieiiiiee e 1126
B0 0 T U o3 1T 1 USRS 1127
S e T [ Tox QD= Vo [ = 1 o 1128
T (= o £ (=Y SRR 1132
B R = = To 15 (=T gl 1Y = o SRR 1132
18.2.2  FleXRay Operation FEQISTEI ... .. ... i ieieiiiiiiiae ettt e e e e e e e e e e e e e e e e e anneneeeeeeeas 1135
18.2.2.1 FLXANFROC — FlexRay Operation Control RegiSter...........ccccevviiivieiiiniiieeeennins 1135
18.2.2.2 FLXANFROS — FlexRay Operation Status RegiSter .........ccccccvveeeeeeiiiiciivninnennnn. 1138
18.2.3  SPECIAI REQISIEIS.....eeeiiiiieeee ettt e e e e et e e e e e e e e e e e aaneeaeee s 1141
18.2.3.1 FLXANFRLCK — FlexRay LOCK REQIStEr .......cccvvveeeiiiiiiiiiiiieeeeeve e 1141
18.2.4  INLEITUPE REQISTEIS ....ceiiiitiiiie ettt ettt e e s e e e e s annee s 1142
18.2.4.1 FLXANFREIR — FlexRay Error Interrupt Register .........cccovvvvieiiniiiieniiniiiieeeens 1142
18.2.4.2 FLXANFRSIR — FlexRay Status Interrupt Register........ccccccvvveeeeeeiiiiiciiiiiinennen, 1148
18.2.4.3 FLXANFREILS — FlexRay Error Interrupt Line Select Register ............cccccceun.ee. 1154
18.2.4.4 FLXANFRSILS — FlexRay Status Interrupt Line Select Register ....................... 1156
18.2.4.5 FLXANnFREIES — FlexRay Error Interrupt Enable Set Register ......................... 1158
18.2.4.6 FLXANFREIER — FlexRay Error Interrupt Enable Reset Register..................... 1160
18.2.4.7 FLXANFRSIES — FlexRay Status Interrupt Enable Set Register....................... 1162
18.2.4.8 FLXANnFRSIER — FlexRay Status Interrupt Enable Reset Register................... 1164
18.2.4.9 FLXANFRILE — FlexRay Interrupt Line Enable Register...........cccccevviiiiereennnen, 1166
18.2.5  FlexRay TimMer REQISIEIS ... cccci it i e e e e e e e e n e e e e e e aeas 1167
18.2.5.1 FLXANnFRTOC — FlexRay Timer 0 Configuration Register...............cccuvvvrieeenenn. 1167
18.2.5.2 FLXANnFRT1C — FlexRay Timer 1 Configuration Register..............cccccvvvvvveennnnn. 1169
18.2.5.3 FLXANnFRT2C — FlexRay Timer 2 Configuration Register.............ccccceeevevvvrnnns 1171
18.2.5.4 FLXANFRSTPW1 — FlexRay Stop Watch Register 1 .........cccccceiiiiiiiiiiiiiiinnnnn. 1173
18.2.5.5 FLXANFRSTPW2 — FlexRay Stop Watch Register 2 .......ccccccveeeeeiiiiiicciiininnnn, 1176
18.2.6  CC CONLIOI REOISIEIS. ..coi ittt ettt et e e e e e e e et e e e e e e e e e e e e e e e nnnneee 1177
18.2.6.1 FLXANFRSUCC1 — FlexRay SUC Configuration Register 1...........c.cccveveernen 1177
18.2.6.2 FLXANFRSUCC2 — FlexRay SUC Configuration Register 2..............cccccvvvnnnen. 1185
18.2.6.3 FLXANFRSUCC3 — FlexRay SUC Configuration Register 3 ...........c.occvvveeennnen. 1186
18.2.6.4 FLXANFRNEMC — FlexRay NEM Configuration Register ............ccccovvveeeennnnnn. 1187
18.2.6.5 FLXANFRPRTC1 — FlexRay PRT Configuration Register 1............ccccccvvvvvvenenn. 1188
18.2.6.6 FLXANFRPRTC2 — FlexRay PRT Configuration Register 2............ccccocvveeeennns 1191
18.2.6.7 FLXANFRMHDC — FlexRay MHD Configuration Register..........ccccccovvvveeeeennnen. 1193
18.2.6.8 FLXAnFRGTUC1 — FlexRay GTU Configuration Register 1 .............ccceeeeeereenn. 1194
18.2.6.9 FLXANFRGTUC2 — FlexRay GTU Configuration Register 2...........c.cccvvveeennee. 1195
18.2.6.10 FLXANFRGTUC3 — FlexRay GTU Configuration Register 3...........ccoccveveennee. 1196
18.2.6.11 FLXAnFRGTUC4 — FlexRay GTU Configuration Register 4 .............cccceeeeeeeee. 1198
18.2.6.12 FLXANFRGTUC5 — FlexRay GTU Configuration Register 5...........ccoccvveveennnnee. 1200
18.2.6.13 FLXANFRGTUC6 — FlexRay GTU Configuration Register 6 ...............ccccvvvnnnen. 1202
18.2.6.14 FLXANFRGTUC7 — FlexRay GTU Configuration Register 7 ..........ccccceeeeeeerennn. 1203
18.2.6.15 FLXANFRGTUCS8 — FlexRay GTU Configuration Register 8 .............ccveveernen 1204
18.2.6.16 FLXANFRGTUC9 — FlexRay GTU Configuration Register 9..............cccccvvvvnneee. 1205
18.2.6.17 FLXAnNFRGTUC10 — FlexRay GTU Configuration Register 10 ...............cccc..... 1207
18.2.6.18 FLXANFRGTUC11 — FlexRay GTU Configuration Register 11 ..............ccceneee. 1208
18.2.7  CC StAtUS REQISIEIS . uuiiii i i e e e e e e e e e et et eaeeaeaes 1210
18.2.7.1 FLXANFRCCSV — FlexRay CC Status Vector Register...........cccocvvveerriiveeeennnns 1210
18.2.7.2 FLXANFRCCEV — FlexRay CC Error Vector RegiSter.........ccccceeeiiiiieiiiieeeeeeenn, 1214



18.2.7.3 FLXANFRSCV — FlexRay Slot Counter Value Register...........ccocoveeeeiniiieeeennnns 1216
18.2.7.4 FLXAnFRMTCCV — FlexRay Macrotick and Cycle Counter Value Register ..... 1217
18.2.7.5 FLXANnFRRCV — FlexRay Rate Correction Value Register ..............ccccuvvvveeeeeen. 1218
18.2.7.6 FLXANFROCV — FlexRay Offset Correction Value Register .............cccvvveeenee. 1219
18.2.7.7 FLXANFRSFS — FlexRay Sync Frame Status RegiSter........ccccccccevvvvvcvvvvvnennnnn. 1220
18.2.7.8 FLXANFRSWNIT — FlexRay Symbol Window and NIT Status Register ............ 1223
18.2.7.9 FLXANFRACS — FlexRay Aggregated Channel Status Register............c.......... 1226
18.2.7.10 FLXANnFRESIDm — FlexRay Even Sync ID Register m (m =1 to 15)................ 1230
18.2.7.11 FLXANFROSIDmM — FlexRay Odd Sync ID Register m (m = 1t0 15)................. 1232
18.2.7.12 FLXAnFRNMVm — FlexRay Network Management Vector Register m
(LT T (o T ) PP OTPPRUTTRPRRN 1234
18.2.8 Message Buffer CoNtrol REQISIEIS.......coiiii ittt 1235
18.2.8.1 FLXAnFRMRC — FlexRay Message RAM Configuration Register .................... 1235
18.2.8.2 FLXAnFRFRF — FlexRay FIFO Rejection Filter Register ..........c.ccccceeeeevivvvnnnnns 1239
18.2.8.3 FLXAnFRFRFM — FlexRay FIFO Rejection Filter Mask Register...................... 1241
18.2.8.4 FLXANFRFCL — FlexRay FIFO Critical Level Register..........cccccvveeiiiinereennnen. 1242
18.2.9 Message BUffer StatuUs REQISIEIS .........uuuuiuiiiiiiiii i e et e e e e e 1243
18.2.9.1 FLXAnFRMHDS — FlexRay Message Handler Status Register .............cccceeonee 1243
18.2.9.2 FLXANnFRLDTS — FlexRay Last Dynamic Transmit Slot Register ..................... 1246
18.2.9.3 FLXANFRFSR — FlexRay FIFO Status Register...........ccccevivieriiiieiiie e 1247
18.2.9.4 FLXAnFRMHDF — FlexRay Message Handler Constraints Flags Register ....... 1249
18.2.9.5 FLXANFRTXRQm — FlexRay Transmission Requestm (m =11t0 4) ................ 1253
18.2.9.6 FLXAnNFRNDATmM — FlexRay New Data Register m (m =21t04) ...........eeeeeee. 1254
18.2.9.7 FLXAnFRMBSCm — FlexRay Message Buffer Status Changed Register m
(LT R (o ) S 1255
18.2.20  INPUL BUFFEI ....eiiiiiee ettt ettt e b e sae e e nneeas 1256
18.2.10.1 FLXAnFRWRDSmM — FlexRay Write Data Section Register m (m =1 to 64)..... 1257
18.2.10.2 FLXANFRWRHS1 — FlexRay Write Header Section Register 1 ...........ccccvveee.... 1258
18.2.10.3 FLXAnFRWRHS2 — FlexRay Write Header Section Register 2 .............ccceeen.e. 1261
18.2.10.4 FLXANFRWRHS3 — FlexRay Write Header Section Register 3...........ccccceeeve 1262
18.2.10.5 FLXAnFRIBCM — FlexRay Input Buffer Command Mask Register.................... 1263
18.2.10.6 FLXANnFRIBCR — FlexRay Input Buffer Command Request Register ............... 1265
18.2.11 OULPUL BUFFET ..ttt ettt e e e e bt e e eneeeas 1267
18.2.11.1 FLXAnFRRDDSmM — FlexRay Read Data Section Register m (m = 1 to 64) ..... 1267
18.2.11.2 FLXANFRRDHS1 — FlexRay Read Header Section Register 1...........ccccceeenneee. 1268
18.2.11.3 FLXAnFRRDHS2 — FlexRay Read Header Section Register 2.............cccvvveeee. 1270
18.2.11.4 FLXAnFRRDHS3 — FlexRay Read Header Section Register 3...............cceee. 1272
18.2.11.5 FLXANFRMBS — FlexRay Message Buffer Status Register............ccccvvveennnen. 1274
18.2.11.6 FLXAnNFROBCM — FlexRay Output Buffer Command Mask Register ............... 1279
18.2.11.7 FLXAnFROBCR — FlexRay Output Buffer Command Request Register........... 1281
18.2.12 Data Transfer CONtrol REJISTEN........oiuuiiiiiiiiiiie e 1284
18.2.12.1 FLXANnFRITC — FlexRay Input Transfer Configuration Register........................ 1284
18.2.12.2 FLXANFROTC — FlexRay Output Transfer Configuration Register ................... 1286
18.2.12.3 FLXANFRIBA — FlexRay Input Pointer Table Base Address Register............... 1289
18.2.12.4 FLXAnFRFBA — FlexRay FIFO Pointer Table Base Address Register ............. 1290
18.2.12.5 FLXANFROBA — FlexRay Output Pointer Table Base Address Register .......... 1291
18.2.12.6 FLXANFRIQC — FlexRay Input Queue Control Register..........occvvveeviiiieeeennnnn. 1292
18.2.12.7 FLXANnFRUIR — FlexRay User Input Transfer Request Register....................... 1293
18.2.12.8 FLXANFRUOR — FlexRay User Output Transfer Request Register .................. 1294
18.2.12.9 FLXANFRAHBC — FlexRay H-Bus Configuration Register...........c.cccoccvvrernnnnen. 1296



18.2.13 Data Transfer StatUS REGISIEI ........uiiiiiiiiiie it 1297

18.2.13.1 FLXANFRITS — FlexRay Input Transfer Status Register ............ccccceevevvvvnnnnnnn. 1297
18.2.13.2 FLXANnFROTS — FlexRay Output Transfer Status Register............ccccoevinnnnnee 1301
18.2.13.3 FLXANFRAES — FlexRay Access Error Status Register ...........cccccevvvvveeeeennen. 1306
18.2.13.4 FLXANnFRAEA — FlexRay Access Error Address Register ............cccccvvvvvveennnn. 1309
18.2.13.5 FLXAnFRDAmM — FlexRay message Data Available Register m (m =0to0 3).... 1310
FUNCLIONAI DESCIIPION ....eeiiiiiiie ettt e e e e e e e e st e e e e e e e e e e e e e e e annbbneeees 1312
18.3.1 FlexRay Module Operation CONLIOl............coiiiiiiiiiiiiiiie e e e 1312
18.3.1.1 FlexRay Module ENADIE ..........ooiiiiiiiiie et 1312
18.3.1.2  FlexRay Module DiSADIE ..........coooiiiiiiiiiiiiii e 1313
18.3.2 CommUNICAION CYCIB.....coiiiiiieee e 1314
18.3.2.1  SHAUC SEOMENT....ciiiiiiiiiiie ettt e et e e e e e bbb e e e e s sbbeeeaeeaas 1314
18.3.2.2  DYNAMIC SEOMIENT.....ciiiiiieiiiiiiiitieee s e se e e e e e e e e eaereeeeeaeeeteeeeaa s aesaaaeeaaaaeaeeeeenesnnes 1315
18.3.2.3  SYMDBOI WINAOW. ...ttt e e e e e e e 1315
18.3.2.4  Network Idle Time (NIT) ..oooi it 1315
18.3.2.5 Configuration of NIT Start and Offset Correction Start..............cccceeeeeeveviiiivinnnnns 1316
18.3.3 CoMMUNICAtION IMOUES ... ...ttt et ee e e e e e e e e st r e e e e e e e e e e snsnnrenneeeeees 1317
18.3.3.1  Time-triggered Distributed (TT-D) .......cooiiiiiiiiiiiieee e 1317
18.3.4  ClOCK SYNCAIONIZALION ...ttt e e e e e e e e eeeeeeeeas 1318
S e 20 o R €11 oY= L I 1 1= TR 1318
18.3.4.2  LOCAI TIME ...eiiiiiiieeiiie ittt ettt e e e e e e e e st e et e e e e e e e e e s saennbeneeeeas 1318
18.3.4.3  SYNChronization PrOCESS ... ...uuuiiiiiiiiaaaai ettt e e 1318
18.3.5  ErrOr HANAING ..ottt e e e e e e e e s e s et e e e e e e e e e e s e e anraees 1320
18.3.5.1  Clock Correction Failed COUNLET .........cc.uuuiiiiiiiiiiieee e 1320
18.3.5.2  PasSiVe t0 ACHVE COUNLEL .....ueiiiiiieeeee ittt et e e e e e e e e e e e e s e eeneeeeneees 1321
18.3.5.3  HALT COMMANG.....ciiitiiiiiieiiiiiiee ettt ee ettt e e sttt e e e s it e e e e sbbeeeeessnsbeeeeessnbbeeeeenas 1321
18.3.5.4  FREEZE COMMANG......cccciiiiiiiiiieiiiiiiee ettt e et e e e s st e e e st e e e e s sntaaeeeessnraeeaeeans 1321
18.3.6  Communication CONtroller StAtES..........uuuiiiiiiiiiie e 1322
18.3.6.1 Communication Controller State Diagram...............c.ouuvuiiiiiiiiinieieeeeeeeeeeeeeeeeeenanns 1322
18.3.6.2 DEFAULT _CONFIG State.....ccccciiiiiiieeiiiiiiiee e s iiiiie e e s siieeeesssiireeeessntnaeeaessnnneaeeenns 1324
18.3.6.3  CONFIG StALE ...eeeieeiiiiiiee e itiiiee ettt e ettt e et e e e st e e e s sbb e e e e e s snbbeeeeessnbeeeeeeaas 1324
18.3.6.4  READY SHALE....uuiiiiiiiiiiiie ittt ettt e ettt e e e s st e e e e s st bb e e e e e stbbeeeessstbaeeeesasbaeaaeeans 1325
18.3.6.5  WAKEUP STALE ....ouuiiiiiiiiiii e e et s e e e e e e e e e aa s e e e eeaann s 1326
18.3.6.6  STARTUP SHAE ...cciiuiiiiii e ittt ettt e e ettt e e e e s st e e e s e ssbbeeeesssnbaeeaeeans 1330
18.3.6.7 NORMAL_ACTIVE STALE.....c.uviiiieiiiiiiie e iitiiiie e siiee e e s staeee e e sntteeeeeassbeeeesssnsneeeaeans 1335
18.3.6.8 NORMAL_PASSIVE SEALE ....uuuiiiiieie ettt e e e e e e e eeeeeeeeeaenenes 1335
18.3.6.9  HALT StA...iiiiiiie ettt ettt et e e e st e e e st e e e s sstb e e e e s anbbeeeeessnrbeeeeennes 1336
18.3.7  NetWOrk ManQQEMENT .......ueeiiiiiiiiit ettt s st e e st e e e nees 1337
18.3.8  Filtering and MaSKING ........uuuiiiiiieii i e et 1338
18.3.8.1  Slot CoUNtEr FiltEriNG.........uuuiiiiiiiiiaiiiiiie e 1338
18.3.8.2  Cycle CouNnter FIltErNG ........cuuveeiiiiiiiiee ettt 1339
18.3.8.3  Channel ID FIeriNG.......cuuuiuuiiiiiiiii et e e e e e e e e e e e e e eeeeeaanes 1340
18.3.8.4  FIFO FIlEEIING .ivvviiee ettt ettt ettt e ettt e e e e st e e e e et e e e e e stba e e e e e sstbaeaesansbaeaaeaans 1340
18.3.9  TTANSIMIL PrOCESS. ... ttiiiiie ittt ettt ettt e e ettt e e s sttt e e e st e e e e s bt e e e e s anbtae e e e s anneeas 1341
18.3.9.1  StaliC SEOMENL......oeiiiiiiieeie e e e e e e e e e e e e e e ee e e 1341
18.3.9.2  DYNAMIC SEOMENT....ueiiiiiiitiiiee ettt ie ettt e ettt e e ettt e e e e s abbe e e e e s abbaeeeesssbbaeeeeeane 1341
18.3.9.3  TransSmMit BUfEIS .....ciiiiiiiiii ittt ee e 1341
18.3.9.4  Frame TranSMISSION. ......ccuuurtiiiieiieaee e e ittt et e e e e e e e e e s s e aibbbb e e eeeeaeaeeeeaaaaannnreeeees 1342

18.3.9.5  NUIl Frame TranSMUSSION .....uuieeveuieietieeieeeeeeeeeteeeeeee s e eesesesaaeesetreeeaseresanrerennns 1343



18.3.10 RECEIVE PrOCESS. .. .cccuuiieteeeite ettt et e et e e et e e et eeete e e e et s s taeeteasseraa s teaaseestssennnreeees 1344

18.3.10.1 Dedicated ReCeiVe BUfEIS..........ccoiiiiiiiiiii e 1344
18.3.10.2 Frame RECEPION......coi ittt e e e e e e e e e e e eaneeeeeees 1344
18.3.10.3 NUIl Frame RECEPLION. .....cciiiiiiiiiiitiiiee ettt sbbe e e e 1345

S T R @ B 0 o 1T TSP RRPR 1346
18.3.11.1  DESCHPLON .eeeeiitiiieee ettt ettt ettt e ettt e e st e e e e sab et e e s abb e e e e e s anbrneeeeae 1346
18.3.11.2 Configuration of the FIFO ..o 1347
18.3.11.3 ACCESS tO Tthe FIFO.....coiiiiiiiiiii et e e e e e en 1348
18.3.12 MeSSAQgE HANAING ....coiiiiiiiiiiei et e s aeeeas 1349
18.3.12.1 Reconfiguration of Message BUfers ........cccccvvveeeiiiiiiiciiieee e 1349
18.3.12.2 Host access to MeSSage RAM ........occciiiiiiiiiieiiece e 1351
18.3.12.3 FlexRay Protocol Controller Access to Message RAM ......ccceeeeviiiiieeeiiiiieeeeninns 1357
18.3.13 MESSAGE RAM ... e ettt s 1358
18.3.13.1 Header Partition .........ccuuiiiiiiiiiieie e e e 1360
18.3.13.2  Data PartitiON........cccooiiriiiieiiiiiiie et e e e 1364
18.3.13.3 Message Data Integrity Check ... 1365
18.3.13.4 Host Handling Of ACCESS EITOIS .......oiiiiiiiiiiiiiiiiee ettt 1367
S TR T I S 1 o (=] ¢ (U] o) £SO UPPPPTPPRP 1368
18.3.15 Assignment of FlexRay Configuration Parameters...........c.eeevviiiieeeiniiiiee e 1369
18.3.16 Usage Of Data TranSIer .........oiiiiiieiieice s e e e e e aaeaees 1371
18.3.16.1 INPUt DAta TranNSTEN .....ccciiiiiiiiie et 1372
18.3.16.2 Output Data TranSfer......ccccuuiiiiiiiiie e e e 1381
18.3.16.3 Data Structure Transfer Scheduling ..............ueeiiiiiiiii e 1391
18.3.16.4 Behavior in Case of Data Transfer ACCESS ErrOr .......ccccuvvvviiieiiiieeeeeeieeieciiieeee 1392
18.3.16.5 Behaviors in Case of RAM Read EITOrS.........ccccovoviiiiiie e 1393
Section 19 Single Edge Nibble Transmission (RSENT) ... 1395
19.1 Features of RHB50/PLM-E RSENT ......uuiiiiiiiiiiiieee oottt e e e s e s s st n e e e e e e e e e s e s snnnnes 1395
19.2.1  Number Of ChanNEIS. ... e e e e e 1395
19.1.2  ReQISter Base AQUIrESS.......ccciciiiiiieiie e e et e e e e e e e e e s s s e e e e e e e e e e e s e e nnrrnraees 1395
T O T @ o Tod QS U o] ] | PP TR 1396
S S | o (=T W] | =0 [N =] £ 1396
19.1.5  RESEE SOUIMTES ....ettititiiiie e e e e e e e e e ettt et ettt a b a e e e e e e e e e e e e e eaeeeeeeeeaetetbebababa e e e e e s 1396
19.1.6  External INPUt/OULPUL SIGNAIS........uuvviriiiiieeeee e e e e e e e e e e aeeees 1397
19.1.7 Combinations of PINS and POIS .........cooiiiiiiiiiiiii e 1397
S 0 T R 1398
S R =11 Yo QD - Vo [ = o 1399
TR T = (= To 115 =Y £ SR 1400
19.3.1 RSENTNTSPC — RSENT Timestamp ReQISter ..........uiiiiiiiiiiiiiiiiee e 1401
19.3.2 RSENTNTSC — RSENT Timestamp COUNET ........uuiiiiieieieeeeeeeeeee e 1403
19.3.3 RSENTNCC — RSENT Communications Configuration Register............cccooecvveeeinnnnn. 1404
19.3.4 RSENTNnBRP — RSENT Baud Rate Prescaler Register...........cccccvvvvvvrivviviviiiiiiine e, 1407
19.3.5 RSENTNIDE — RSENT Interrupt/DMA Enable RegiSter.........ooccvuvieiiiiiiiieiiiiiiee e, 1409
19.3.6  RSENTNMDC — RSENT Mode Control ReQISter .........cccovvviiiiiiieeicre e 1412
19.3.7 RSENTNSPCT — RSENT SPC Transmission REQISLEr ........ccoccuviiieriiiiiieee e 1413
19.3.8  RSENTNMST — RSENT Mode Status RegiSter .........cccoeiviiiiiiieiiicieseee e 1414

19.3.9 RSENTNCS — RSENT Communication Status RegiSter...........ccoveeiiiiiiiieiniiiieee e 1416



19.3.10 RSENTNnCSC — RSENT Communication Status Clear Register.............cccvvveeininnneeen. 1420
19.3.11 RSENTNSRTS — RSENT Slow Channel Receive Timestamp Register...........c...o........ 1423
19.3.12 RSENTnSRXD — RSENT Slow Channel Receive Data Register ..........ccccccvveverriinneens. 1424
19.3.13 RSENTNCPL — RSENT Calibration Pulse Length Register.........ccccccvvvviiiiiiiiiineieeeenn. 1426
19.3.14 RSENTNML — RSENT Message Length RegiSter.........cooviiiiiiiiiiiiiiiniiie e 1427
19.3.15 RSENTNFRTS — RSENT Fast Channel Receive Timestamp Register............cccccceenn.n. 1428
19.3.16 RSENTnFRXD — RSENT Fast Channel Receive Data Register ..........cccccovcvvereeinnnnn. 1429
19.3.17 RSENTTSSEL — RSENT Timestamp Mode Selection Register...........ccccccvvvvvnceennennn. 1431
IR Y (oo [l o)l @] o 1T =1 1T o I PRSPPI 1433
S T R o ] = I 1Y o o SRR 1434
19.4.2 CONFIGURATION MOUE ...cceiiiiiiiiieeiiiiiiteesiititee e ssitiaeeeessatae e e s s sstaeeesssnstaeeesssnssaeaeseannnns 1434
19.4.3 OPERATION IDLE MOUE ...cciiiiiiiiiieiiiiieite ettt et ettt e st e st e e s e 1434
19.4.4 OPERATION ACTIVE MOE .....ouviiiiiiiiiiie sttt eeta et e e st ee e e s nnnree e e e e s 1434
19.4.5 Register Behavior in Operation MOAES...........cccuuiiiiiiiiieeeee e e e 1435
LS8 T @1 o ol Q@0 g Vi o [V = 111 o RS 1436
L TR T8 R 14011 =T o o P UUT P 1436
19.5.1.1  Timestamp Clock Configuration .............ccuueeiiiiieiee e 1436

19.5.1.2  Timestamp Counter OPEratiON ..........ccoiiiiiiiiieeeieiiiiers e e e e e e e e e e e aeaeeeeeeeaeerannnes 1436

19.5.2  Communication Clock CONfIQUIAtIoN ...........cccuuiiiiiiiiiiiie e 1439
19.5.21  RXBRP SENG...ciiiiiiiiiieiiiiiie ettt e et e e et e e e snbbee e e e e 1439

19.5.2.2 RX and SPC TiCK SEIHNGS ....eeteiiiiiiiiieeiiiieiee ettt 1439

19.6  RSENT OPEIALION ... .ottt ettt e e e e e e e e e e bbb e ettt e e e e e e e e s aa e abbbbebeeeeeaaaeeeaeaanbenreees 1440
19.6.1 Changing Operation MOOES. ........cc..uuiiiiiiiiiiee it e e e e e eebbneee e 1440
19.6.2  MESSAQGE RECEPLION ....ciitiiiiee ittt ettt ettt e e sttt e e st e e e e st b b e e e e s ananneeas 1443
19.6.2.1  Calibration PulSe RECEPLON .....ccceeeiiii e 1443

19.6.2.2  Data Nibble RECEPLION ...t 1443

19.6.2.3  Fast Channel Message ReCEPLiON .........ccooiiiiiiiiiiiiiiiee e 1444

19.6.2.4 Fast Channel Reception FIOW ..o e e e e 1448

19.6.2.5 Slow Channel Message RECEPLION ........uuiuiiiiiiiiiiiiiiiiiie et 1449

19.6.2.6  Slow Channel Reception FIOW ..........ccoiiiiiiiiiiiiiiii e 1451

19.6.2.7  DIMA FIOW . cciiiitiiiie ettt ettt e e e sttt e e e s snba e e e e s snbbeeeeessnbaeeaeeane 1452

T T =y o T i F= To o o [P PP PU RO 1453

1O.7  SPC FUNCHION. ...ttt ettt et e e e e e e et bbbttt e e e e e e e e e e e aannabbebbeeeeaaaeeaaaannnnnes 1455
19.7.1 Multiplexing of the SENTnNRX and SENTNSPCO Pin FUNCtions .............cccccccciiiieieeeennn. 1457
19.8 T (=T 0] 0] £S3R= o B O g T= o &SP 1458
Y= Tox 10 124 0 B s o TSP PPURRRRR 1460
20.1 Features of RHB50/PLM-E PSIS......ccoiiiiiiiiiiieiieeee ettt e e e e e e s st beeeeeea e e e e e e s e e aanns 1460
20.1.1  Number of ChanNEIS.........cooi it e e e e e e e 1460
20.1.2 RegiSter Base AUUIESS.......ccciii ittt e e e e e e s s e st e e e e e e e e s e 1460
20.1.3  ClOCK SUPPIY ettt ettt e e e e e ettt e e e e e e e e e e e aaaannnbtbteeeeaeaaaeeeeaannane 1460

P20 IOt S 1 1 1= (] o] B =T [ 1= 1461
20.1.5  RESEEI SOUICES ...ttt e e e e e e e e et et ettt e e e te b e bbb a e e e e e e e e e aaaaaaaeeaens 1461
20.1.6  External Input/Output SIgNalS...........cccuiiiiiiiiiie e e e e e e 1461

P2 O I =V o (o1 1[0 ] F= TR 1462



20.2.1  BIOCK CONFIQUIALION ...eiiiiiiiiiie ettt e e 1463
PO T B o (=T o 11 (= £ TP P PUPPURPRRP 1464

20.3.1 PSI5SnCHCTRL — PSI5 Channel Control REgISter .........coooiiiiiiiiiiiiiiiiieeeeeeee e 1466
20.3.2 PSI5SnIPTIMERCTRL — PSI5 IP Timer Control REQISter..........coovvcviiiiiiiieeeeeee e 1467
20.3.3  PSI5SnIPTIMER — PSI5 IP Timer COUNLET .....cciuiiiiiiieeiiee e eieee st siee et 1468
20.3.4 PSI5nOPMCOMM — PSI5 Operating Mode/Communication Mode Register................ 1469
20.3.5 PSI5nOPMBITRATE — PSI5 Operating-Mode Bit Rate Register..........cccccceeeeiiiiiinnns 1470
20.3.6  PSI5nOPMCYCT — PSI5 Operating-Mode Cycle Time Register.......cccccvveeeeviiiiiicnnnnns 1471
20.3.7 PSI5nPSISINT — PSI5 Interrupt Status Register..........uuueiiiiiiiiiiiiiiieeeceee e 1472
20.3.8 PSISnEMRXDATA — PSI5 Receive Data Emulation Register .......ccccccceeeeeviiiiiicnvvinnnen, 1473
20.3.9 PSI5SnEMRXDST — PSI5 Receive Data Status Emulation Register............ccceeoiinneee 1474
20.3.10 PSI5SnEMRXDTIM — PSI5 Receive Data IP Timer Emulation Register......................... 1475
20.3.11 PSI5SnEMRXDFIFO — PSI5 Receive Data FIFO Emulation Register...............cccuueeeee. 1476
20.3.12 PSISnEMRXMRXMSG — PSI5 Receive-Message Receive Message Emulation

=T 0 153 -1 PRSP 1477
20.3.13 PSISnEMRXMRXST — PSI5 Receive-Message Channel Receive Status Emulation

[T 0153 =] PP PRI 1478
20.3.14 PSISnEMRXMRXTIM — PSI5 Receive-Message Channel Receive Timestamp

EMUIALION REQISTEN ..oiiiie ettt e e e e e e e s e e s e r e e e e e aeeeeeeannnannrennnees 1479
20.3.15 PSI5SnEMRXMFIFO — PSI5 Receive-Message Channel FIFO Emulation Register ...... 1480
20.3.16 PSISNnTXSETTING — PSI5 Transmission Setting Register ........ccccvvvvivviieveeeeee i 1481
20.3.17 PSI5SnSYNCCTRL — PSI5 Synchronization Control Register .........cccccceeeiiiiiiiiiiinnnee. 1483
20.3.18 PSI5SnTXST — PSI5 Transmission Status REJISTEN ........uvviiiiieeeeiiiiciiiiiieeeee e e e e e 1484
20.3.19 PSI5nTXSTCLR — PSI5 Transmission Status Clear Register .........ccccccceiiiiiiiiiiiinnnen. 1485
20.3.20 PSI5SnTXSTINTEN — PSI5 Transmission Status Interrupt Enable Register.................. 1486
20.3.21 PSI5SnTXDCTRL — PSI5 Transmit Data Control Register .........cc.uuveeeeiiiiieaeiniiiiiiineee 1487
20.3.22 PSISnTXDATA — PSI5 Transmit Data REQISIEN .........uvviiiiiiiiiiee e ee e 1488
20.3.23 PSI5SnRXSPLSET — PSI5 Receive Sampling Setting Register ... 1490
20.3.24 PSI5SnRXSMSET — PSI5 Receive Slot m Setting Register (M =1t08)...........cceeennne 1491
20.3.25 PSISnRXDATA — PSI5 Receive Data REQISTEr ........eviiiiiiieieiiiiiiiieieeee e 1492
20.3.26 PSI5SnRXDST — PSI5 Receive Data Status ReQISter ........cceeeeiiiiiicciiiiiiiiiicecee e 1493
20.3.27 PSI5SnRXDTIM — PSI5 Receive Data IP Timer Register..........ooooiviiiiiiiiiiieeeeeeeeeee 1494
20.3.28 PSI5SnRXDFIFO — PSI5 Receive Data FIFO REQISLEN ....ccvvviveeeeiiiiiciiiiiieeieeee e 1495
20.3.29 PSI5SnRXMODST — PSI5 Receive Module Status Register..........cccuvveeieieieiieniiiniiiies 1496
20.3.30 PSI5nRXMODSTCLR — PSI5 Receive Module Status Clear Register.............cccvveee. 1497
20.3.31 PSI5SnRXMODSTINTEN — PSI5 Receive Module Status Interrupt Enable Register..... 1498
20.3.32 PSI5SnRXMSET — PSI5 Receive Message Channel Setting Register...............ccecvvnne 1499
20.3.33 PSI5SnRXMRXMSG — PSI5 Receive-Message Receive Message Register ................. 1500
20.3.34 PSI5SnRXMRXST — PSI5 Receive-message Channel Receive Status Register........... 1502
20.3.35 PSI5SnRXMRXTIM — PSI5 Receive-message Channel Receive Timestamp Register.. 1503
20.3.36 PSI5SnRXMFIFO — PSI5 Receive-message Channel FIFO Register ............cccccvvvvnee. 1504
20.3.37 PSI5SnRXMMST — PSI5 Receive-message Channel Module Status Register .............. 1505
20.3.38 PSI5SnRXMMSTCLR— PSI5 Receive-message Channel Module Status Clear

=T 0 153 =1 PP 1506
20.3.39 PSI5SnRXMMSTINTEN — PSI5 Receive-message Channel Module Status Interrupt

ENADIE REQISIEN ...t e e e e e e e e e e e e e s 1507
20.3.40 PSISTSSEL — PSI5 Timestamp Function Mode Selection Register .............cccccvvvvvnneee. 1508



2O 11 (= 4 (U] o) PO P TP PTPPPRPTPPPRR 1509

{0 R T O o 1= - 1 1o o TP SPRPPR 1510
20.5.1  Setting Operation MOUE........cooi ittt e e e e e eeeaaae e e e e e aannnes 1510
20.5.1.1  Setting for Transmit/ReCeIVE MOE ............eeiiiiiiiiiiie e 1511

20.5.1.2  Setting for Data RECEPLION ......uvviiiiiiieieeeeeeeiicie e e e e e e e s s e e e e e e e e e e e ennnes 1511

20.5.1.3 Initial Setting for ASynchronous MOde.............ocuiiiiiiiiiiiiii e 1511

20.5.1.4 Initial Setting for SYNchronous Mode..............coocuiiiiiiiiiiiiiieiie e 1512

20.5.1.5 Setting for Serial Message RECEPLION .........ccvvvieiiiiieeee e e e 1513

20.5.1.6 Initial Setting in ASYNChronouS MOE ............ccoiiiiiiiiieniiiiiie e 1513

20.5.1.7 Initial Setting in SYNnchronous Mode..............ccooiiiiiiiiiiiiiiee e 1513

20.5.1.8  Setting for TIMEStamMPING .....ccceviiiiiiieeeee e e e e e e e e 1513

20.5.2  OPEIALION FIOW ..coiiiiiiiiiieiiii ettt 1515
20.5.2.1  Starting OPEratiON ..........ccceeiiiiiiiieeie e e e e e e e e e e e e e e et e e e e e e e e e rnr s 1515

20.5.2.2  Flow Of Data RECEPLION .......ciieiiiiiiie ettt e e e e e e 1516

20.5.2.3  Flow Of Data TranSMISSION .........ueiiiiirieeeeieiaiaiiiieieeeeeeeeee e e e e s seeeenreereeeeeaeaaeeeeseaannns 1517

20.5.2.4  Serial Message Reception FIOW...........oovuiiiiiiiiiiiiiiii e 1519

20.5.2.5 Parity and CRC Errors in Received Data ..........cccieiieeiiiiiiiiiiiiiieiieeee e 1520

20.5.3 PAS Compatibility MOAE.........ccciiiiiiieiiiiiee e e e 1521
20.5.4  BAUA RATE...cci ittt e e e e e e e e e e e e e e e b e b ar e e e e e e e e e e e e naraees 1521
Section 21 Window Watchdog Timer A (WDTA) ...uuvuiiiiiiiiiiiiieeee e 1522
21.1 Features of RHB50/PIM-E WDTA .. ...ooiiiiiiiieeiiie ettt 1522
2111 UNItS @Nnd CRANNEIS ....c.veiiiiieeee et 1522
21.1.2 RegiSter Base AGAIESS......ccooiiiiiiiti ettt e et e e e e e e e e 1522

2 T R T O (o Tod QT o] o] 2P EESERRR 1523
21.1.4 INTEITUPTE REQUEST ...ttt e e e e e e e e e e e e e e aeeeeeeaessbnbnnnees 1523
2115 RESEE SOUIMCES ....oieiiiieiiie ittt ettt ettt e st e e s e e s et e e s e e e e e e e e e s e e e e e e nnnes 1523
21.1.6  External Input/Output SIgNAIS.........oo i 1523
21,2 OVEIVIBW ...ttt ettt ettt ekttt ekttt e 42ttt e 4 ek et e ekt e o4 a ke e am b e e e oAk bt e e bt e e ek b e e e eh b e e e nabe e anbn e e annee s 1524
21.2.1  FUNCHONAI OVEIVIEW ....ciiiiiiiiie ettt ettt e e s e e s e e e e enes 1524
P A =1 (o Tod 1 B I =T | =12 PP STTOTPRP 1526
A B o (=T 11 (= £ TSP U PUPPRRPRRP 1527
A0 Tt R 1Y o) L= 1S3 (=T =PRI 1527
21.3.2 WDTANWDTE — WDTA Enable REQISIEr.........coiiiiiiiiieiiiiiie e 1528
21.3.3 WDTANEVAC — WDTA Enable VAC ReJISIEN .......ccccviiiiieiiiie i 1529
21.3.4 WDTANREF — WDTA Reference Value RegiSter ........cccooouviiiiiiiiiiiiiiee e 1530
21.3.5 WDTANMD — WDTA MOUE REQISIEN .....cuviiiiiiie i i e et eaa e 1531

3 R S [ 1 (=] € (U o1 RS0 U o U PPPTTT PP 1533
215 FUNCHON ..ottt ettt etttk e s e Rt e e et n ettt e 1534
21.5.1 WDTA after Release from the ReSet State.........ccoceuuiiiiiiieiiiie e 1534
21511 SEANEMOUES ...ceiiiiiiiiiee ittt 1534

21.5.1.2 Count ClOCK SEIECHON .....cceiiiii ettt e e e e 1534

21.5.1.3 WDTA Settings after Release From The Reset State, ........ccccccvevviiiiieieiiiiinenenn, 1535

21.5.1.4 Default Start MOde TiMING.........uueiieiiiiiiaiiiiiiiiie e e e e e e e e aaaaees 1536

21.5.1.5 Software Trigger Start MOde TiMING ......ccuvveiiiiiiiieieiiiiee e 1537

P RV B N I o To = OO PP RRPTR 1538



21.5.2.1 Calculating an Activation Code when the VAC Function is Used........................ 1538

21.5.3  WDTA EITOr DEEECHON ...t iiiiiee ettt ettt ettt e e e 1539
21.5.4  75% Interrupt ReqUESE SIgNAIS.......ocoiiiiiiiiiiii e 1540
21.5.5  WIiINAOW FUNCHON .....oooiiiiccccc e et e e e et e e e e e e et e e e e e e raaeeeeas 1541
Section 22 OS TIMEr (OSTIM) .. oot e s e s e e e e e e e e e e e e eereeaaeannne 1542
22.1 Features Of RHB50/PIM-E OSTM ......ccoiiiiiiiiieiiiiieiee et 1542
22.1.1  NUMDEE OF UNILS. ..ottt an e 1542
22.1.2 RegiSter Base AGAIESS......ccooi ittt e et e e e e e e 1543
2 I T O (o Tod Q10 o] o] 2P EESRRRR 1543

22. 1.4 INEITUPE REQUESTS ... e ettt ettt e e e e e e e e e e e aeaeeeens 1544
22.1.5  RESEE SOUIMCES ....cieiiieeiiie ittt ettt e st s st e e s et e e s e e e e e e e e e e e e e e e e nnnes 1544
22.1.6  External Input/Output SIgNAIS.........coiiiiiiieiee e a e 1544
22,2 OVEIVIBW ...ttt ettt ettt ekttt ekttt e 4 s bt e 4ok et e ekt £ e 4a ket eam b e e e oA kbt e e bt e e e ek b e e e en bt e e nabe e anbn e e annee s 1545
22.2.1  FUNCHONAI OVEIVIEW ...ccviriiiiiiie ettt ettt et e e ne e e e e 1545
A =1 (o Tod QB 1 =T | = o [PPSR R 1546
22.2.3  COUNLET ClOCK. 1. .eteiiitiie ittt ettt re et e et e s e e s nnn e 1547
22.2.4  Output Modes (OSTMO and OSTMIL) .....ceiiiiiiiiaaiiiiiiiiiiie et e e e e e e e e e e e e ennes 1549
22.2.5 Interrupt ReqUEStS (INTOSTMN) ....uuuiiiiiiiiiiieiieeee e e iissrirtee e e e e e e e e e e s sesnnrnrreaeraeaeaeeeesaannnns 1550
P2 B L= To 151 (=] £ SO U PO PUR PSPPI 1551
22.3.1 LIS Of REGISIEIS .. ieieii ettt ettt st e e s e e e e e naeee 1551
22.3.2 Details 0f OSTMN REQISIEIS ......ccciiiiiiieeeeeee et e e e s 1552
22.3.21 OSTMNCMP — OSTMn Compare ReQISIEr ........cuuueiiiiiiiiiiiiiiiieee e 1552

22.3.2.2 OSTMNCNT — OSTMn Counter REQISIEN .......uuviiiiiiiiieeeeie e e 1553

22.3.2.3 OSTMNTO — OSTMN OUtpUt REGISIEN......cciiiiiiiiiiie it 1554

22.3.2.4 OSTMnTOE — OSTMn Output Enable Register ..........ccccovviiiiiiiiiiiiiieiiiieeeee 1554

22.3.25 OSTMnTE — OSTMn Count Enable Status Register..........cccccvveveereeeeeiiiniiiinnnns 1555

22.3.2.6 OSTMNnTS — OSTMn Count Start Trigger RegiSter ...........cccuvveiiieeiiiieeenieies 1555

22.3.27 OSTMNnTT — OSTMn Count Stop Trigger RegiSter.........cccovcvveveeiniiieeeeiniieeennn 1556

22.3.2.8 OSTMNCTL — OSTMnN Control REQISIEN ......uuuiiiiiiiei e 1556

22.3.2.9 ICOCKSELO — OSTMO Clock Select RegiSter.........ccccoveiiieeiiieeniiiieniee e 1557
22.3.2.10 ICOCKSEL1 — OSTML1 Clock Select RegiSter..........ocuuviieiiiiiiieeiiiiiieee e 1559

R N O o 1= T ¢ 11 o] o O PP OUPPRPT PP 1561
22.4.1  Starting and StOPPING OSTMIN ...t e e e e e e e e e s e aaes 1561
22.4.2  Interval TIMEr MOUE. ......cuviiiiiie ettt e e nnn e 1562
224.2.1 Basic Operation in Interval Timer MOde ..........oooouiiiiiiiiiiiiieeee e 1562

22.4.2.2  Operation when OSTMNCMP = 0000 0000 ......ccovvriiviriiiieiiniiisiie s 1565

22.4.2.3  Setting Procedure for Interval Timer MOde .........c.eeeveiiiiiiiieiiiiiiee e 1566

22.4.3  Free-Running CompariSON MOUE ..........uuuuuiuiiiiiiiiiii e e e e a e e e e e 1567
22.4.3.1 Basic Operation in Free-Running Comparison Mode.............ccccovviiieeeeniniieeeenns 1567

22.4.3.2 Operation when OSTMNCMP = 0000 0000 .. vverurreerrrrernrreeirreessireeenreee e 1569

22.4.3.3 Setting Procedure for Free-Running Comparison Mode.............ccccevvvvvvvvvvnnnnnnnnn. 1570
Section 23 Timer Array Unit D (TAUD) ....coooiiiiiiiiiiiiiie ettt 1571
23.1 Features of RHB50/PLIM-E TAUD.......ccociiiiiiieaiiiee ittt et snnee e 1571

23.1.1 (0 a1 (=T (o IO g =TT =] 1571



23.1.2 REQIStEr BASE AUAIESS .....eiiiiiiiiii ettt a e 1572

2 Tt I T O (o Tor QT o o V2% R 1572
23.14 INTEITUPE REQUESES ...t e e e e e e e 1572
23.15 RESEE SOUICES .....utiiiiiiiiiiie e s 1573
23.1.6  External INpUt/OULPUL SIGNAIS ........veiiiiiiiiiiie e 1574
23.1.7 Internal INput/OUtPUL SIGNAIS .......ccciiiiiiiieeee e 1574
OVEBIVIBW ...ttt ettt e ket ettt e s a et e oot o4 E et e ekt e e s et e s st e e nb et e nsne e e nnre e nnne e e nnn e 1575
23.2.1  FUNCHONAI OVEIVIEW ...ttt ettt et ne e e e 1575
23.2.2 TOIIMNS ettt e et e e e e et e et ettt et e bbb h b r e e e e e e e aaaaeaaaaaas 1576
23.2.3  Functional List of Timer OPEratiONS............uvviieeeiiiiiiiiiiiieiireeeee e e e e s sesserrrrerrreeeeaeeeesnnnnns 1577
23.2.4  TAUD /O and Interrupt Request SigNalS .........cccuuiiiiiiiiiieieeee e 1578
P2 IS T =11 Yo I 1 = Vo | = o o PSSR 1579
23.2.6  DeSCription Of BIOCKS .......ciiiiiiiieiiii ettt e e e e e e e 1580
=T (=] £ PP PP PP PPTPRTP 1581

P2 T B0 R N 1) o = L= ] (=) SRR 1581
23.3.2  Details of TAUDN Prescaler REQISLEIS .......coiiiiiiiiiiiaiiiiieie et a e e 1582
23.3.2.1 TAUDNTPS — TAUDN Prescaler Clock Select RegiSter........cccccvvveeeeeiiiiiccnnnnnee. 1582
23.3.2.2 TAUDNnBRS — TAUDnN Prescaler Baud Rate Setting Register...........cccccvvvvnnn. 1585
23.3.3  Details of TAUDN CoNtrol REJISIEIS .......uiiiiiiiiiiiiie ettt 1586
23.3.3.1 TAUDNCDRmM — TAUDN Channel Data RegiSter...........cccccvrvririeieieeeeeesieeiinnns 1586
23.3.3.2 TAUDNCNTm — TAUDN Channel Counter REgiSter ..........ccccvveeiiiiieeeeniiiieeeeens 1586
23.3.3.3 TAUDNCMORmM — TAUDnN Channel Mode OS RegiSter ..........ccccovuvvveeeiniinenenn. 1588
23.3.3.4 TAUDNnCMURM — TAUDnN Channel Mode User Register........ccccccccoeviiiiinnnnnen. 1591
23.3.3.5 TAUDNCSRmM — TAUDN channel status register ...........ccccvivreeeiiniiieneeiiieeeenn 1592
23.3.3.6  TAUDNCSCm - TAUDN Channel Status Clear Register ...........ccccovviveeeeiniinenenn. 1593
23.3.3.7 TAUDNTS — TAUDnN Channel Start Trigger Register..........cccceeeviiiiieinniiiiiinns 1593
23.3.3.8 TAUDNTE — TAUDnN Channel Enable Status Register ...........ccccvcvvveiiiniiinnenns 1594
23.3.3.9 TAUDNTT — TAUDnN Channel Stop Trigger RegiSter ........cccccvvvvereereeeeeiiiniinnns 1594
23.3.4  Details of TAUDN Simultaneous Rewrite RegiSters. ...... .. 1595
23.3.4.1 TAUDNnRDE — TAUDnN Channel Reload Data Enable Register..............ccccvvveee. 1595
23.3.4.2 TAUDNnRDS — TAUDnN Channel Reload Data Control Channel Select Register 1595
23.3.4.3 TAUDNnRDM — TAUDnN Channel Reload Data Mode Register .............ccoeevuneee 1596
23.3.4.4 TAUDNnRDC — TAUDnN Channel Reload Data Control Register.............cccvveee... 1596
23.3.45 TAUDNRDT — TAUDnN Channel Reload Data Trigger Register............cccccccvuvue. 1597
23.3.4.6 TAUDNRSF — TAUDnN Channel Reload Status RegiSter.........cccccccceeeviiiiinnnnnee. 1597
23.3.5 Details of TAUDN OULPUL REQISTEIS ... .uuuiiiiiiiieeeeie ittt e e e e e e e e e sseerrarr e e e ee e e e e e e annnnnes 1598
23.3.5.1 TAUDNTOE — TAUDnN Channel Output Enable Register............ccocveeviiiinnnenns 1598
23.3.5.2 TAUDNTO — TAUDN Channel Output REQISter.........cuvveiieiiiiiiiee e 1598
23.3.5.3 TAUDNTOM — TAUDnN Channel Output Mode Register.........ccccccvereeeeeeiiiiiiinnnns 1599
23.3.5.4 TAUDNTOC — TAUDnN Channel Output Configuration Register..............cccccc..... 1599
23.3.5.5 TAUDNTOL — TAUDnN Channel Output Active Level Register ...........ccccocuvveeenn. 1600
23.3.6  Details of TAUDN Dead Time Output REQISLEIS .........uuuuiiiiiiiiiaaaiii it 1601
23.3.6.1 TAUDNTDE — TAUDnN Channel Dead Time Output Enable Register................. 1601
23.3.6.2 TAUDNTDM — TAUDnN Channel Dead Time Output Mode Register .................. 1601
23.3.6.3 TAUDNTDL — TAUDnN Channel Dead Time Output Level Register.................... 1602
23.3.7 Details of TAUDN Real-time/Modulation Output RegiSters..........ccccveeiiiiieeeeiiiiieee e, 1603
23.3.7.1 TAUDNTRE — TAUDnN Channel Real-time Output Enable Register................... 1603

23.3.7.2 TAUDNTRC — TAUDnN Channel Real-time Output Control Register .................. 1603



23.3.7.3 TAUDNTRO — TAUDnN Channel Real-time Output Register...........cccccvevviurnneeen. 1604

23.3.7.4 TAUDNnTME — TAUDnN Channel Modulation Output Enable Register ................ 1604
A I B @ o 1= = 1 11T N o o o= To 11 ] PRSP 1605
23.5 Concepts of Synchronous Channel OPeration .............ocueeieiiiiiiiie i 1606
23.5.1 Rules of Synchronous Channel OPeration ... 1606
23.5.2 Simultaneous Start and Stop of Synchronous Channel Counters.............cccooeeeecvvvvnneee. 1608
23.5.2.1 Simultaneous Start and Stop within the Same Unit..............ccccceeiiiiiiiniiieeeen 1608
23.5.2.2 Simultaneous Start between the UNitS ..........cccviiiiiiiiiee e 1608
23.6  SIMUIANEOUS REWHITE ..ottt e e e e e e s e e sttt e e e e e ae e e e e e saeannnbbebeeeeeaaeeeseean 1609
23.6.1  OVErVIEW Of OPEIALIONS ... ..vviieeiiiiiieee ettt e et e e s et e e s s nab e e e e s nb e e e e e anneeas 1609
23.6.2  How to Control SImultaneous REWHILE .........ccoiuiiiieiiiiiie e 1611
b2 N T N 1011 = LIS T= ] o £ PSP 1612
23.6.2.2  Start Counter and Count OPEratioN...........cuueeieiiiirieieiiiiieee et 1612
23.6.2.3  SIMUIANEOUS REWIIE ....oiiiiiiiiiiii ittt s e 1612
23.6.3  Other General Rules of Simultaneous ReWTite...........ccuuviiiiiiiiiiiii e 1613
23.6.4  Types of SIMUItANEOUS REWIILE ........uuuiiiiiiiiiiiieee e s e e s e e e e e e s err e e e e e e e e e s e aaans 1614
23.6.4.1  Simultaneous Rewrite when the Master Channel (Re)starts Counting
(Y21 g To o N T PP SRR RRR 1614
23.6.4.2 Simultaneous Rewrite at the Peak of a Triangular Wave of Slave Channel
(METNOM B)... ittt ettt e e e st e e e e s abbe e e e e e 1616
23.6.4.3 Simultaneous Rewrite when INTTAUDnNIm is Generated on an Upper Channel
Specified by TAUDNRDC.TAUDNRDCmM (Method C1)........ccovvvvvviveiiiiiiiiiieeeeeenn, 1618

23.6.4.4  Simultaneous Rewrite when INTTAUDnNIm is Generated on an Upper Channel
Specified by TAUDNRDC.TAUDNRDCm that in Turn is Triggered by an External

SIgNal (MO C2) ... 1620
23.7  Channel OUIPUL IMOOES .........uiiiiiiiiiiiiee ettt e ettt e e e e e e e e e e e s ananb bbb aeeeeeaaaaeaaannns 1622
23.7.1 General Procedures for Specifying a Channel OQutput Mode ...........coovvvviiiiiiciiiiineeeennn. 1624
23.7.2  Channel Output Modes Controlled Independently by TAUDN Signals ............cccceeeenee. 1625
23.7.2.1 Independent Channel OQUIPUt MO 1 .........cuvvvveeeeiiiiiiiiiiiiieeeree e 1625
23.7.2.2 Independent Channel Output Mode 1 with Real-Time Output ................ccevveeee. 1625
23.7.2.3 Independent Channel OULpUt MOAE 2 .........cooiiiiiiiiiiiiiiee e 1626
23.7.3 Channel Output Modes Controlled Synchronously by TAUDN Signals .........ccccceeeeeee.... 1627
23.7.3.1  Synchronous Channel Output MOde 1 ..........ccuviiiiiiiiiiiieeeiiiiee e 1627
23.7.3.2  Synchronous Channel Output Mode 1 with Non-Complementary Modulation
L@ 101§ o 11 | S PSPPSR 1627
23.7.3.3  Synchronous Channel Output MO 2 .........cocoeiiiiiiiiiiiiiiiiiieeeeee e 1628
23.7.3.4  Synchronous Channel Output Mode 2 with Dead Time Output .............ccveeeeene 1628
23.7.3.5 Synchronous Channel Output Mode 2 with One-Phase PWM Output................ 1629

23.7.3.6  Synchronous Channel Output Mode 2 with Complementary Modulation Output 1630
23.7.3.7  Synchronous Channel Output Mode 2 with Non-Complementary Modulation

OULPUL. ..o e et e e e e e e e s e e e et e e e e e e e e e nnrnes 1630

23.8  Start Timing in Each Operating MOAES ..........ccoiiiiiiiiiiiiiiiie et 1631
23.8.1 Interval Timer Mode, Judge Mode, Capture Mode, and Up/Down Count Mode............. 1631
23.8.2 EVENE COUNEIMOUE......ciiiiiiiiiiie ittt et e s et e e e et e e e e aneee 1632
23.8.3  Other Operating MOAES ........cooiiiiiiiiieeeet e e e e e e e e e e e e e e e aaneees 1632
23.9 TAUDNTTOUTm Output and INTTAUDnNnImM Generation when Counter Starts or Restarts ...... 1633

23.10 Interrupt Generation UPON OVEITIOW .......coiviiiieiiiice e e 1634



23.10.1 Combination of TAUDTTINm Input Pulse Interval Measuring Function and TAUDTTINmM

Input Interval TIMer FUNCHION .........uuiiie ittt et e e e 1635

23.10.2 Combination of TAUDTTINm Input Signal Width Measuring Function and Overflow
Interrupt Output Function (during TAUDTTINmM Width Measurement) ................c..coee. 1636

23.10.3 Combination of TAUDTTINm Input Position Detecting Function and Interval Timer
L] T3 1T PR 1637

23.10.4 Combination of TAUDTTINm Input Period Count Detecting Function and Overflow
Interrupt Output Function (during TAUDTTINm Input Period Count Detection) ............. 1638
23.11 TAUDNTTINM EAQE DEIECHION ..vvveeiieeee e i ettt ee et e e e e e e e e e e e s e e s s areeraaaeeeeaean 1640
23.12 Independent Channel Operation FUNCHONS .........ccooiiiiiiiiiiiiiiiiie e e e e e e e e e e e e s e eeanns 1641
23.12.1 Interval TimMer FUNCHON .......ooiiiiie ettt e e e e e e e e e e s s s st e e e e e e e e e e s e e nnnnnees 1641
23.12.1. 1 OVEIVIEW ..eeieiiiieitiie et ettt et e st et sa e m e e s st e st e s n e e e nmne e s nnn e e e nnneeennns 1641
23.12.1.2  EQUALIONS ...eeiieiiiiiiiiee ettt ettt e ettt ettt e et e e s ettt e e s e e e e anbbn e e e e nneae s 1641
23.12.1.3 Block Diagram and General Timing Diagram ..........ccocueeeeiiiiiiieeeiiiieeee i 1642
23.12.1.4 REQISIEr SEHINGS ..eiiiiiiie it i i s s e e e e e e e e s s st rrraeaeaeeeeaaannns 1643
23.12.1.5 Operating Procedure for Interval Timer FUNCLON ...........ccooviiiiiiiiiiiiiiiee e 1645
23.12.1.6 SpecCific TIMING DIAQIAMS. .......euiiiiiiiiiieie it aeeaeees 1646
23.12.2 TAUDNTTINmM Input Interval Timer FUNCHON ...........oooiiiiiiiiiiiieeee e 1651
T I R O AV o T SRR 1651
2 T I o | U= o] o 1S 1651
23.12.2.3 Block Diagram and General Timing Diagram..........cooooiiiiiiiiiieieieeee e 1652
23.12.2.4 Operating Procedure for TAUDNTTINm Input Interval Timer Function ............... 1655
23.12.2.5 Specific TIMING DIagQrams..........cccoiiiiiiiiiiieei s e e e e e e e e e e e e e e e 1656
23.12.3  ClOCK DIVIAEI FUNCHON......ciiiiii ittt e e e e e e s e e e e e e e e e e e s nnnenees 1657
23.12.3. 1 OVEIVIEW ..ottt ettt ettt ettt et e s e e st e st e s n e e e nmre e s nn e e nne e e 1657
23.12.3.2  EQUALIONS ...ttt ee ettt e e e e ettt e e e e e e e e e e anb e breeeaaaeaeeaeaaannne 1658
23.12.3.3 Block Diagram and General Timing Diagram ..........coccueeeieiiiiieeeeiiiieeeeeeniieeeeene 1658
23.12.3.4 REQISIEr SEHINGS ..eiiiiiiiiiiiiiitiie it e e s r e e e e e e e e e s e st eerraeaeaeaeeaannnnes 1659
23.12.3.5 Operating Procedure for Clock Divider FUNCLioN...........cccuviiiiiiiiiiiiiiiiieee 1661
23.12.3.6  SpecCific TIMING DIAQIamS. ... ...couiiiiiiiiiiieiiiiie ettt 1662
23.12.4 External EVent COUNt FUNCHION .........oiiiiiiiiiiiiiie e 1664
23.12.4. 1 OVEIVIBW ...ttt ee ettt et e e e e e e e e ettt et e e e e e e e e e e e aanbbbe bt e eeeaaeeeeseaannnnnerees 1664
23.12.4.2 EQUALIONS . ..uiiiiiiiieiieieee e e s e e s ettt e e e e e e e e e s e s e st e e e e e e e e e e e e e aannnn i arrerraaaeeeaaaaaannne 1664
23.12.4.3 Block Diagram and General Timing Diagram..........coooouiiiiiiiiiiieieeeeeeeeeeiieeee 1665
23.12.4.4 REQISIEr SEHINGS . .eiiiiitiiiie ittt e st e e e e e s annneees 1666
23.12.4.5 Operating Procedure for External Event Count Function...............cccceevvvvvvviinnnnes 1667
23.12.4.6 SpPecific TIMING DIAQIaMS. ......uuiiiiiiiiiiiiaaae it e e eee e e e e e e e e e e annnes 1668
23.12.5 Delay COUNE FUNCHON ....coiiiiiiiie ittt et s et e e e e 1670
23.12.5. 1  OVEIVIEW ..eeieiiiie ittt ettt et ettt etttk e e sa e e st e s b e e e s e e s nnn e e nne e e 1670
23.12.5.2  EQUALIONS ...eeeieiiiiiiiiee ittt e ittt ettt ettt ettt e ettt et e e e e e s 1670
23.12.5.3 Block Diagram and General Timing Diagram..........c..coovvevvvirineereeeeeeeesiseseenennens 1671
23.12.5.4 REQISIEr SEUNGS . uuuvururiiiiiie it i e e e e e e e e e e e et e e e e e 1672
23.12.5.5 Operating Procedure for Delay Count FUNCLION .........cccuvviieiiiiiiiieniiieee e 1673
23.12.6 One-Pulse OULPUL FUNCLION .........oiiiiiiiiiiiiiiies e e e e n e e e eaeeas 1674
23.12.6.1  OVEIVIBW ...ttt ettt e e e e e e e e o ekttt e e e e e e e e e e e e s s nnbbbbeabeeeeaaaeaeaaaannnnnes 1674
23.12.6.2 EQUALIONS ...eeiiiiiiiiiiiee ettt ettt ettt ettt ettt ettt e e e 1674
23.12.6.3 Block Diagram and General Timing Diagram...........cccceceeeeiiiieiieeeeeeeeeeeeeeeevieieinnns 1675
23.12.6.4 REQISIEr SEINGS .. eiiiiiiiiiie ittt e bbb e s annneeees 1676
23.12.6.5 Operating Procedure for One-Pulse Output FUNCLION .........occuvviveiiiiiiieeeiiiieeen, 1678



23.12.7 TAUDNTTINm Input Pulse Interval Measurement FUNCHON ...........ccooviiiiieeiniiiiine e, 1679

23.12.7. 1 OVEIVIEW ..eeiiitiie ittt ettt ettt et e et e e st st e s n e e e nsre e s ne e e nne e e 1679
23.12.7.2 EQUALIONS ...t e ettt e e e e e e ettt e e e e e e e e e e e e ana b e e tteeeaaaeaeeaeaaannne 1680
23.12.7.3 Block Diagram and General Timing Diagram ............occueeeeiiiiiiieeeiiiieeee i 1681
23.12.7.4 REQISIEr SEHINGS ..iiiiiiieiiii ittt e e e e s e e e e e e e e e e s s s s rarrreaeaeaeaeesannnnes 1682
23.12.7.5 Operating Procedure for TAUDNTTINm Input Pulse Interval Measurement
[T T4 1T o TR PRSPPI 1683
23.12.7.6 Specific Timing Diagrams: Overflow Operation............cccueveeviiiieeeenniiieeee e 1684
23.12.8 TAUDNTTINmM Input Signal Width Measurement FUNCtion..............ccceeeiiniiiiiiee 1687
23.12.8.1  OVEIVIBW ...ttt e ettt e e e e e e e ettt ettt e e e e e e e e e aaaanaabbebeeeeeaaeeeeseaannnnnrees 1687
23.12.8.2 EQUALIONS ....uuiiiiiiiiiiieeee e e e e ettt e e e e e e e e s s st e e e e e e e e e e e e e e nn e rrraraeaeaeaaeaaannne 1688
23.12.8.3 Block Diagram and General Timing Diagram..........cooooiiiiiiiiiiieieeee e 1688
23.12.8.4 REQISIEr SEHINGS . .eieiitiieiie ittt sttt e st e e ananeee s 1690
23.12.8.5 Operating Procedure for TAUDNTTINm Input Signal Width Measurement
FUNCHION. ...ttt e e e e e e e e e 1691
23.12.8.6 Specific Timing Diagrams: Overflow Operation.............ccooveiviiiiiieiieiee s 1692
23.12.9 TAUDNTTINmM Input Position Detection FUNCLON ...........ovviiieieiiiiiiieec e 1696
23.12.9. 1 OVEIVIEW ..eeiiiiiieiitie ettt ettt ettt ettt e skt e ek e e sa bt e sab e e e st b e e s be e e s abn e e e nnne e e anreeennnes 1696
23.12.9.2  EQUALIONS ...eeiieiiiiiiiiee ettt s ettt ettt e ettt e e s ettt e e st e e s e e e nne e 1696
23.12.9.3 Block Diagram and General Timing Diagram..........c.cooveeecuiirireereereeeees s seneennes 1697
23.12.9.4 REQISIEr SELNGS . uuuvuritiiiei e i et e e e e e e e e e e e e 1698
23.12.9.5 Operating Procedure for TAUDNTTINm Input Position Detection Function ........ 1699
23.12.9.6  SpPeCific TIMING DIAgIramS.......uuuuuuiiiiieiieeeeeeiiisiiiieeerreraee e e e s sssssnrarrrerraeaeaesessannnnes 1700
23.12.10 TAUDNTTINmM Input Period Count Detection FUNCLION............cccuiiiiiiiiiiiiiece i 1701
23.12.10.1 OVEIVIEW ...eeiuteiiiiitie et ste etttk e ek e e st e st e s an e e e nn e e s ne e e e nsne e e nnneeennnes 1701
23.12.10.2 EQUALIONS ...oeiutiieaiiiee ittt e ettt et e st e ab e e e sabe e e shbe e e sabe e e sabe e e e abbe e s be e e nnne e e e 1701
23.12.10.3 Block Diagram and General Timing Diagram...........cccoocuveiieiiiireeeenniiieees e 1702
23.12.10.4 REQISIEI SEHINGS ..eeiiiiieieii i it e e e e s s r e e e e e e e s s s s s rr e e e e e aeeeesesannnnnes 1703
23.12.10.5 Operating Procedure for TAUDNTTINm Input Period Count Detection Function 1704
23.12.10.6 SpecCific TIMING DIAgIamMS. .......uueiiiiiiiiiiie ettt 1705
23.12.11 TAUDNTTINm Input Pulse Interval Judgment FUNCLION ............ooovviiiiiiiiiiiciccee e, 1706
23.12.10.0 OVEIVIBW ..ottt e e e e ettt et e e e e e e e e e s ettt e e e e eeaeeeeesaannnsbenaeeeeaaaeeeseeaannnnes 1706
23.12.11.2 Block Diagram and General Timing Diagram .........ccccoocuveieeiniiieeeeiniiieeee i 1707
23.12.11.3 REQISIEI SEUINGS ..uvuuuririeiei e i e e e eee e et ee ettt e e s e e e e e e aaaaaeeeeeeeeaeeeseereennnnnn s 1708
23.12.11.4 Operating Procedure for TAUDNTTINm Input Pulse Interval Judgment
T ] 1T o T USRS 1709
23.12.12 TAUDNTTINm Input Signal Width Judgment FUNCLION .............ccoovviiiiiiiiiiiiiiie e, 1710
23.12.12.0 OVEIVIBW ..ttt ee ettt e e e e e e e e s e bbbttt et e e e e e e e e e s s nnnbbbebeeeeaaaeaeeeeaannnnnes 1710
23.12.12.2 Block Diagram and General Timing Diagram.........ccccocueeiieiniiieeeenniiieee e 1711
23.12.12.3 REQISIEr SELNGS . uuuvuriiiiiiei i i e et s e e e e e e e e e e e e e e e e e e e e e e 1712
23.12.12.4 Operating Procedure for TAUDNTTINm Input Sighal Width Judgment Function 1713
23.12.13 One-Phase PWM OUPUL FUNCLION .......uuiiiiiiiiiecee e e e e e e e e e e 1714
23.12.13.1 OVEIVIEW ...eeitiiieiiie ettt ettt ettt e ettt ek e ekt e e sa bt e s st e e e skt e e be e e s ab b e e e nbne e e nnbeeennnes 1714
23.12.13.2 Block Diagram and General Timing Diagram.........ccccocuveiieiiiieeeenniiieee e 1715
23.12.13.3 Register Settings for Lower ChannelS.........ccccveeeii i 1717
23.12.13.4 Register Settings for Upper Channels........ .. 1719
23.12.13.5 Operating Procedure for One-phase PWM Output FUNction............ccccceevvivveeen. 1720
23.12.14 Real Time Output FUNCLION TYPE L.....uiiiiiiiiiiiiiii ittt e e 1721
23.12.14. 0 OVEIVIBW ...ttt ee e e ettt et et e e e e e e s e n bbbttt e e e e e aaeeeaessansnbbesaeeeeaaaeeesaeaannnnne 1721

P B o U - 11T LS ST PPTP 1722



23.12.14.3 Block Diagram and General Timing Diagram .........ccccoocveeieeriiiieeennniiieee i 1722

23.12.14.4 Register Settings for Upper ChannelS..........ccvvveeeei i 1724
23.12.14.5 Register Settings for Lower Channels..........cccooeiiiiiiiiiiiieeee e 1726
23.12.14.6 Operating Procedure for Real-Time Output Function Type L.........cccccevvviieeenenne 1727
23.12.14.7 Specific TIMING DIagramS......ccuuuriiiiiiiieeeeeeisescie e e e e e e e e e e s sssssnrarreerreeaeaesessannnnns 1728
23.12.15 Real-Time Output FUNCLION TYPE 2 ...ttt 1729
23.12.15.1 OVEIVIEW ..eveiiieiiiiiiiieeiittieeee e ettt tee e sstbee e e e e ssbbeee e e s snbteeeeesanbba e e e e snbeaeeeesanbeneeesannneeeens 1729
23.12.15.2 Block Diagram and General Timing Diagram...........cccoooiiiiiiiiiiiiiiineeiee s 1730
23.12.15.3 Register Settings for Upper Channels. ... 1732
23.12.15.4 Register Settings for Lower ChannelS..........ccvveeeiiiiiiiiciiiiiiiececce e 1734
23.12.15.5 Operating Procedure for Real-Time Output Function TYpe 2.......cccccoevviiiiivnnnnen. 1735
23.12.15.6 SpecCific TIMING DIAgramMS. ........ueiiiiiiiiiiie et 1736
23.12.16 Simultaneous Rewrite Trigger Generation Function Type L.........ccccvvvveviiiiviiiiiiiieneeeenn. 1737
23.12.16.1 OVEIVIBW ...ttt ee e e e e e e ettt et e e e e e e e e s e e sttt e eeeeaaeeeeesaannnsbeaneeeeaaaeaeeaeaannnnne 1737
P A G R =l o DT 11T o E TP PP 1738
23.12.16.3 Block Diagram and General Timing Diagram.........ccccceeeieeeieeeeeeeieieeeeeeeieeiieinnn 1739
23.12.16.4 Register Settings for Upper Channels. ... 1741
23.12.16.5 Register Settings for Lower ChannelS.........ccvveeeiiiiiiciiiiiiiiieecce e 1742
23.12.16.6 Operating Procedure for Simultaneous Rewrite Trigger Generation Function
LN/ L2 PSPPI 1743
23.13 Synchronous Channel Operation FUNCLIONS ............coiiiiiiiiiiiicices e 1744
23.13.1 PWM OULPUL FUNCHION ...eiiiiec ettt e e e e e e s s e st r e e e e e e e e e s e e nnnnrnnnnees 1744
P T B0 O R @ 1V 4T PP RUR PRSP 1744
23.13.1.2  EQUALIONS ..eeeiiiiiiiiiie ettt ettt ettt s bttt e ettt e sttt e ab e e e ee e s 1745
23.13.1.3 Block Diagram and General Timing Diagram.............cooecciviiiireereeeeeeeeseecceneenens 1746
23.13.1.4 Register Settings for the Master Channel ............cccccoiiiiini e, 1748
23.13.1.5 Register Settings for Slave Channels...........ccocuviiiiiiiiiiii e 1750
23.13.1.6 Operating Procedure for PWM OQutput FUNCLiON ...........cccccviiiiiieiiieee e, 1752
23.13.1.7 SpecCific TiIMING DIAQIamMS. ... ...cuuiiiiiiiiiiieiiiiie et 1753
23.13.2 0One-Shot Pulse OULPUL FUNCHION..........uuiiiiiiiiee i e e e er e e e e e e e e e e eeannes 1756
23.13.2.1  OVEIVIBW ..ttt ettt e e e et oo bbbttt et e e e e e e e e s e e abb b bbb e e eeaaaeeeeaeannnnneeees 1756
23.13.2.2  EQUALIONS ..eeiiiiiiiiieee ittt ettt e sttt e e sttt et e e e e e s e 1757
23.13.2.3 Block Diagram and General Timing Diagram...........ccccceeeeiiinieieieeeeeeeeeeeeeeeeievennnns 1757
23.13.2.4 Register Settings for the Master Channel ... 1760
23.13.2.5 Register Settings for Slave Channels...........cocuviiiiiiiiiieiieeee e 1762
23.13.2.6 Operating Procedure for One-Shot Pulse Output Function................ccccevvvvvvnnns 1764
23.13.2.7 Specific TIMING DIAQIramMS. ......uuuiiieiiiiaiaaaait ettt e e e e e e eeeaae e e e e e s aeannes 1765
23.13.3 Delay Pulse OUIPUL FUNCLION.........uuiiiiiiiiiee e e e 1769
23.13.3.1  OVEIVIEW ..eveiiieiiiiiiiee e ettt ee e sttt e e e sttt e e e e sttt e e e e ssbeeeeeesstbeeeeesasbaeeeeesantseeeeesnsbeneaenas 1769
23.13.3.2  EQUALIONS ...eeiiiiiiieiie ettt ettt ettt ettt et a s 1770
23.13.3.3 Block Diagram and General Timing Diagram.............cooeecuviiiierereieeeeeesissceenennns 1771
23.13.3.4 Register Settings for the Master Channels..........ccccceeeeiiiiiiiiieiivecee 1773
23.13.3.5 Register Settings for the Slave Channel 1 .........ccccoooiiiiiiiee 1775
23.13.3.6 Register Settings for Slave Channel 2 ... 1777
23.13.3.7 Register Settings for Slave Channel 3 ... 1779
23.13.3.8 Operating Procedure for Delay Pulse Output FUNCLION ...........cceeiiiiiiiiiiiiiiiieeenne 1781
23.13.3.9 Specific TIMING DIAQIramS........uuuuiiiiieeieeeeiiiiiciiiie e e e e e e e e s ssssrrarrrereeaeeeesesannannes 1783
23.13.4 Offset Trigger OUIPUL FUNCHION ........coiiiiiiie ittt 1785

P22 T G T N R @ 1V <Y V1= YR T 1785



23.13.4.2  EQUALIONS ...eeiieiiiiiiiiee ettt ettt sttt e ettt e ettt e e e 1786
23.13.4.3 Block Diagram and General Timing Diagram..........c..cooeevivviiiriereeeeeeee s s seenennnns 1786
23.13.4.4 Register Settings for Master Channels. ... 1788
23.13.4.5 Register Settings for Slave Channels. ... 1790
23.13.4.6 Operating Procedure for Offset Trigger Output FUNCtion ...........c.ccceeeevviicivvnnnee. 1792
23.13.4.7 SpecCific TIMING DIAQIamS. ... ....coiiiiiiiiiieiiiiie et 1793
23.13.5 A/D Conversion Trigger Output FUNCLION TYPE L ....uvuviiiiiiiieieeee e e ccciinrreeeeeree e e e e e s 1795
23.13.5. 1 OVEIVIEW ..eeiiitiieitiie ettt ettt et ettt e sttt e ettt e e s it e e e bbb e e sabe e e ssbe e e st be e e asbee s snneeesnnneeenes 1795
23.13.5.2 Block Diagram and General Timing Diagram ..........coccueeeeeiiiiieeeeniiiieeeesniieeeeene 1795
23.13.5.3 General Timing DIiagram .........ccccuuuiiiiiiieiee e e s e e e e e e e s e s sranrearreeeeaae e e s e nanes 1796
23.13.6 Triangle PWM OULPUL FUNCLION ......coooiiiiiiiiieiiiei et 1797
b2 T B 300 R © 1V =Y o T SRR 1797
23.13.6.2 EQUALIONS ..coeeeeeiiieiiiteis e e e e e e e e ettt e e e e e e e e e e e e et e e e ae 1798
23.13.6.3 Block Diagram and General Timing Diagram ............occveeeiiiiiiieeeiiiiieee e 1799
23.13.6.4 Register Settings for Master Channels...........cccoouveeiiiii e, 1801
23.13.6.5 Register Settings for Slave Channels..............cooovvviiiiiii e, 1803
23.13.6.6 Operating Procedure for Triangle PWM Output FUNCON ..........coocvieeieiiiiiiienenns 1805
23.13.6.7 SpecCific TIMING DIAgIramsS.......uuuuuiiiiieeieeeeieiiiiiirrireerereeee e s s s ssssssrnrererrereeeesesannnnnes 1806
23.13.7 Triangle PWM Output Function with Dead TimMe ............eeiiiiiiiiiiiiiiiiiiieeeeee e 1808
b T B A R O 1V = o T PSRRI 1808
23.13.7.2 EQUALIONS ...ttt eis ettt a e e e e e e e e e e et et e e e ae i —————— 1810
23.13.7.3 Block Diagram and General Timing Diagram..........ccoooiiiiuiiiiiiiieiieee e 1811
23.13.7.4 Register Settings for Master Channels...........cccoouveeiiiii e 1813
23.13.7.5 Register Settings for Slave Channel 2 ..., 1815
23.13.7.6 Register Settings for Slave Channel 3 ... 1817
23.13.7.7 Operating Procedure for Triangle PWM Output Function with Dead Time ......... 1819
23.13.7.8 Specific TIMING DIAQIamMS. ......uuuiiiieiiiiiieeaee ittt e e e e e e e e e e e e e e e aannnes 1820
23.13.8 A/D Conversion Trigger Output FUNCLION TYPE 2 ...uviiieeiiiiiieee et 1822
23.13.8. 1 OVEIVIEW ..eeieiiiieitiie et ettt et e st e st e e st e e s e e sase e e st e e s n e e e nnn e e s nnn e e e nnneeennes 1822
23.13.8.2 Block Diagram and General Timing Diagram ............occveeieiiiiiieieiniiieee e 1822
23.13.9 Interrupt Request Signals Culling FUNCLON ...........cviiiiiiiiiie e 1824
23.13.9. 1 OVEIVIBW ...ttt ettt e e e e oo oottt ettt e e e e e e e e s e abb b b e be et e e aaeeeeeeaannnnreees 1824
23.13.9.2  EQUALIONS ...eeeieiiiiiiiii ettt ettt ettt ettt ettt ettt e e e 1825
23.13.9.3 Block Diagram and General Timing Diagram...........cccccceeeeeeinieieeeeeeeeeeeeeeeeeeieinnnens 1825
23.13.9.4 Register Settings for the Master Channel ... 1827
23.13.9.5 Register Settings for Slave Channels...........ccovieiiiiiiii e 1829
23.13.9.6 Operating Procedure for Interrupt Request Signals Culling Function ................. 1830
23.13.9.7 Specific TIMING DIAQIAM .......uuiiiiiiiiiiiiaa et e e e e e e e e e e e e e aannes 1831
23.14 Synchronous Non-Complementary and Complementary Modulation Output Functions........... 1832
23.14.1 Non-Complementary Modulation Output Function Type L .........ccovviiiiiiiiiiiiiiiiieieeeeeeeee, 1832
A T O O R O 1V o T PSP URP TR 1832
23.14.1.2  EQUALIONS ..eeeiieiiiiiiiee ettt ettt ettt ettt et e et a e 1834
23.14.1.3 Block Diagram and General Timing Diagram...........ccccceeeeieiiieiieeeeeeeeeeeeeeeeviiiiinnns 1835
23.14.1.4 Register Settings for Master Channels............ccoocuveiiiiiiii e 1837
23.14.1.5 Register Settings for Slave Channel 1 ..........cccocceiiiiiiiiiii e 1839
23.14.1.6 Register Settings for Slave Channels 2 10 7. 1841
23.14.1.7 Operating Procedure for Non-Complementary Modulation Output Function
B Y/ oL R T PP PPPPT P UPPPPPTR 1843
23.14.1.8 SpeCific TIMING DIAgIramS. ... ..uuuuuiieieieiieeeiesiiinirrreeereeeeeeessssnsssnrnreeerrereeeesesannnnnes 1845



23.14.2 Non-Complementary Modulation Output FUNCLION TYPE 2 ...cccoviiiiiieiiiiiiiie e 1846

23.14.2. 1 OVEIVIEW ..veiiieiiiiiiiee ettt e e ettt e e e ettt e e e sttt e e e an bt e ee e e sabbe e e e e s aabbeeeeesanbeeeeeeannbeeeaenas 1846
23.14.2.2  EQUALIONS ..ot e ettt et e e e e e e e et e et e e e e e e e e e e e nnnbe e bt e eeaaaeeeeeeaaannne 1848
23.14.2.3 Block Diagram and General Timing Diagram ..........coccueeeiiiiiiieeeeniiieeeee i 1849
23.14.2.4 Register Settings for Master Channels............cccveiiiiie e 1851
23.14.2.5 Register Settings for Slave Channel 1 ...........ccociieiiiiiiiieie e 1853
23.14.2.6 Register Settings for slave channels 210 7 ... 1855
23.14.2.7 Operating Procedure for Non-Complementary Modulation Output Function
LY S L2 PP PP 1857
23.14.2.8 SpecCific TIMING DIAQIramS. ... ..uuueeeieiiieiieee et eee e e e e e e e e s e e eeeeereeeeereeaeeaeeeeaaannes 1859
23.14.3 Complementary Modulation Output FUNCLION ............euviiiiiiieeiiie e 1860
23.14.3.1  OVEIVIBW ...ttt e e e e e e oot bbbttt e e e e e e e e e e e abbb bbbt et e e aaeaeeeeaannnnnbees 1860
23.14.3.2  EQUALIONS ...eeiieiiiiiiiie ettt ettt ettt ettt e et e et e e nnnne e s 1863
23.14.3.3 Block Diagram and General Timing Diagram...........cccccceeeeeeinieieeeeeeeeeeeeeeeeeeveinnnens 1864
23.14.3.4 Register Settings for Master Channels..............uuueiiiiie s 1866
23.14.3.5 Register Settings for Slave Channel 1 ..........cccooiiiiiiiiiiiii e 1868
23.14.3.6 Register Settings for slave channels 2, 4, and 6............ccccceeeeeiiiiiiiieeeiiececceeiins 1870
23.14.3.7 Register Settings for slave channels 3,5, and 7.........ccccouiiiiene, 1872
23.14.3.8 Operating Procedure for Complementary Modulation Output Function .............. 1874
23.14.3.9 Specific TIMING DIaQrams..........cccoiiiiiiiieiieiere e e e e e e e e e e e e ee e 1876
Section 24  Timer Array Unit J (TAUJ)....cooi i 1878
24.1 Features of RHB50/PLIM-E TAUJ .....cooiiiiiitie ettt ettt e e e e e e e e e st aen e e e e e e e e e s e e anns 1878
2411 UNits @and ChannElS ...........uuiiiiiiiiiiee e e e e e e e e e s s aeeeeaeeees 1878
24.1.2 RegiSter Base AGUreSS........ccooiiiiiiiieeeir st a e e e 1878
24.1.3  ClOCK SUPPIY ...ttt ettt e et e s ettt e e e e anb e e e eanaeas 1879
2404 INTEITUPE REQUESTS .. .ieeiiiiii ettt e et e e e e et r e e e e et e e e eeaabneaeas 1879
2415 RESEE SOUICES ...ttt e et e e e e e e e e e e et e et e et e atebebb e a e e e e e e e e e eeeeaeaeeeeees 1879
24.1.6  External INpUt/OULPUL SIGNAIS.........uviiieiiiiiiie e e e e e e 1880
24.1.7  Internal INPUL/OULPUL SIGN@IS ... .eveiieiiiiiiiie ettt 1880
24,2 OVEBIVIBW ..ttt ettt ettt ettt a2 e e e o4 e oo abae b ee et e et e e e e e e e aaaannnbebeeeeeeeeeaeeeeeeaaanbeeeaaaaaeaaeans 1881
24.2.1  FUNCHONAI OVEIVIEW ....ceiiiiiiiiiiiitit ettt e e e e e e sttt et et e e e e e e e e e e aaanbbnree s 1881
P N = ¢ 01 PR 1882
24.2.3  Timer Operation FUNCHONS .........ooiiiiiiiicie e e e e e e e 1883
24.2.4  TAUJ I/O and Interrupt ReqUESE SIGNAIS .........eviiiiiiiiiieeiiieiee e 1883
P ST = o ol 1 I 1=V | = o PP 1884
24.2.6  DeSCription Of BIOCKS .......coiuuiiiiiiiiiiie e e 1885
PG T o Lo |1 =T £ TP 1886
24.3.1 LISt Of REOISIEIS ...ttt ettt e e e e e e e s e et e e e e e e e e e e e e e anneneenees 1886
24.3.2 Details of TAUJIN Prescaler REQISIEIS .....uuviiiiiiiiee ittt e e s seaer e e e e e e e e 1887
24.3.2.1 TAUJINTPS — TAUJnN Prescaler Clock Select Register .........cccoceeeeeeveiiiiiiieeiinnns 1887
24.3.2.2 TAUJInBRS — TAUJn Prescaler Baud Rate Setting Register...........ccccoevveeeeenne 1890
24.3.3 Details of TAUJIN CONtrol REQISIEIS.......coveeiieiiiiiiice e 1891
24.3.3.1 TAUJINCDRm — TAUJn Channel Data RegiSter............uuveiiiiiiieeiniiiiee e 1891
24.3.3.2 TAUJINCNTm — TAUJNn Channel Counter RegiSter.........cccoovvvvvveiiiiiienenniiieeeenn 1892
24.3.3.3 TAUJNCMORmM — TAUJNn Channel Mode OS RegiSter......ccccccceeviiiiiiiiiiininnnn. 1894

24.3.3.4 TAUINCMURmM — TAUJINn Channel Mode User Register..........ccocuvveeeiiiiiieeeenns 1897



24.3.3.5 TAUINCSRmM — TAUJN Channel Status RegiSter .........ccccouuvevieiniiiiieeniiiieeenn, 1898

24.3.3.6 TAUJNCSCm — TAUJn Channel Status Clear Trigger Register ............ccccvvveeee. 1898

24.3.3.7 TAUINTS — TAUJn Channel Start Trigger Register ..........cccuvveeeieeieeaieiiininns 1899

24.3.3.8 TAUJINTE — TAUJn Channel Enable Status RegiSter..........cccccveviniiiereniiiineenn, 1899

24.3.3.9 TAUINTT — TAUJINn Channel Stop Trigger RegISter..........ccccccvvvieverieieeeeeeiiiinnns 1900

24.3.4  TAUJn Simultaneous Rewrite Register DetailS ...........cooocvviiiiiiiiiie e 1901

24.3.4.1 TAUJINRDE — TAUJn Channel Reload Data Enable Register ...............ccuvveeee. 1901

24.3.4.2 TAUJNRDM — TAUJn Channel Reload Data Mode Register..............ccccuvvvennee. 1901

24.3.4.3 TAUJINRDT — TAUJn Channel Reload Data Trigger Register ...........c.ccocvveeenne 1902

24.3.4.4 TAUJNRSF — TAUJn Channel Reload Status RegiSter ..........ccccceevvevvecvvvvvnnnnnn. 1902

24.3.5  TAUJIN Output REGISIErS DELaAIIS. ... .cceiiiiiiiieiiiiiiie e 1903

24.35.1 TAUJInTOE — TAUJn Channel Output Enable Register..........cccccoeuvveeeiiiiinenenn. 1903

24.3.5.2 TAUINTO — TAUJN Channel Output REQISIEN ........uveiiiieiieieeeeieieeeeeeeee 1903

24.35.3 TAUINTOM — TAUJNn Channel Output Mode RegiSter .........ccccvevviivieeeiiiiiienenn, 1904

24.35.4 TAUJInTOC — TAUJINn Channel Output Configuration Register .............ccccueeeeenne 1905

24.3.55 TAUJINTOL — TAUJn Channel Output Active Level Register.............cceevvvvnnnees 1906

P A @ 1o 1= = 1 o TN o o Yo =T o [V = 1907

24.5 Concepts of Synchronous Channel OPeration .............cccccciiiiiiiiiiieee e e 1908

24.5.1 Rules of Synchronous Channel OPeration ............ccveeieeiiiiiieee i 1908

24.5.2  Simultaneous Start and Stop of Synchronous Channel Counters..........ccccceveviiieneeennnn. 1910

2452.1 Simultaneous Start and Stop within @ TAUJ UNit.........cccooviiiiiiniiiiieeiieeeeee 1910

24.5.2.2 Simultaneous Start between TAUJ UNItS .......oooiieiiiiiiiiiiieiiece e 1910

24,6 SIMUIANEOUS REWIIIE ......ieeiiiii ittt ettt e sttt e e s st e e e e et e e e e e nbbeeeesnereas 1911

24.6.1  FUNCHONAI OVEIVIEW ....oeiiiiieeeiiieieiieeie et e e e e e e e s s e e e e e e e e e s e e e st eeeeeeeaeeeeseeannsnnenees 1911

24.6.2 How to Control SIMUultaneouS REWIITE .........ccuiiiiiiiiiiiiiiieeee e 1911

24.6.2.1  INIAI SEENGS - ettt ettt e e e e e e e s e e e e e e e e e e e e aannes 1913

24.6.2.2 Start Counter and Count OPEratiON...........ccovvcccuviiiiiiiiriee e e e e e s e rre e e e e e e enanes 1913

24.6.2.3  SIMUIANEOUS REWIITE ...t e e e 1913

24.6.3 Other General Rules for SImultaneous REWTIte ...........ccovveiiiiiciiiiiiiiiieeiee e 1913

24.6.4  Simultaneous REWItE PrOCEAUIE .........ccooi ittt 1914

24.7  Channel OUIPUL IMOOES ... .....uuiiiiiiiiiiieee e e st e e e e e e s e s s e e e e e eeee e s e s sasnnsrareeaereeeeaeanannns 1916

24.7.1  General Procedures for Specifying a Channel Output Mode ..........cccccveeveveeeenniiieicinn, 1918

24.7.2  Channel Output Modes Controlled Independently by TAUJN Signals.............ccccceeeeennee 1918

24.7.3 Channel Output Modes Controlled Synchronously by TAUJn Signals.............cccccvvveeee. 1919

24.8  Start Timing in Each Operating MOAES ...........coiiiiiiiiiiiiiiiiiee et 1920

24.8.1 Interval Timer Mode, Capture Mode, and Count Capture Mode ...........cccceevviiinereennnnnn 1920

24.8.2  Other Operating MOUES .........ccoiiiiiiiiiiie e e e e e e e e s s s e rereeaaeeeaeeannnnnes 1921

24.9 TAUJINTTOUTm Output and INTTAUJnIm Generation when Counter Starts or Restarts......... 1922

24.10 Interrupt Generation UPON OVEITIOW .........ciiiiiiiiiiiiiiiiie e 1923
24.10.1 Combination of the TAUINTTINm Input Position Detection Function and the Interval

BT L= a0 T (oo PP EPUPRRt 1924

2411 TAUINTTINM EAQE DEECHON ....eeiiiiiiiiiiiie ittt ettt ettt e s e e 1925

24.12 Independent Channel Operation FUNCHONS .........cooiiiiiiiiiiiiiiiciii e 1926

24.12.1 Interval TIMer FUNCHON .......couti ittt e e e et e e e e e e e e e e s nnenes 1926

O O R O AV o T SRR 1926

P A A =T o DT 1110 £ SRR 1926



24.12.1.3 Block Diagram and General Timing Diagram ..........coccveeieiiiiiieeeeiiiieeeeeeniieeeeene 1927
24.12.1.4 REQISIEr SEHINGS ..iiiiieiei it i ittt e s s e e e e e e e e e s s e rreereaeeaeeeeesanannes 1928
24.12.1.5 Operating Procedure for Interval Timer FUNCHON ... 1930
24.12.1.6 SpecCific TIMING DIAQIamMS. ... ...cuuiiiiiiiiiiie ittt 1931
24.12.2 TAUJINTTINmM Input Interval Timer FUNCHON.............coooiiiiiiiiieeee e 1933
24.02.2. 1 OVEIVIEW ...ttt e ettt ettt ettt e e e skttt e e 4 sttt e e e ek b et e e e e aa b b et e e e sanbe e e e e e anbeneeeeas 1933
R o [N - o] = EPERPR 1933
24.12.2.3 Block Diagram and General Timing Diagram..........cooooiiiiiiiiiiiieieeee e 1933
24.12.2.4 REQISIEr SEHINGS . .eiiiittiiiie ittt ettt e st e e e e e s annneeeas 1935
24.12.2.5 Operating Procedure for TAUINTTINm Input Interval Timer Function................. 1937
24.12.2.6 SpPeCific TIMING DIAQIamMS. ......uuuiiiieiiiiiiaaae ittt e e e e e e e e e e e e e e aanenes 1938
24.12.3 TAUJINTTINm Input Pulse Interval Measurement FUNCLION ............ooeoviiiiieeiiiiiieeeeeee, 1939
24.12.3. 1 OVEIVIEW ..eeeiiiiieiiiie ettt etttk e ek e e sa et s st e st e e s b e e s b e e e nnn e e e nnne e e nanes 1939
24.12.3.2 EQUALIONS ....oiieiiiiiieiee ettt ettt ettt ettt ettt e s 1940
24.12.3.3 Block Diagram and General Timing Diagram ..........ccocceeeeeiiiiieeeeniiieeee e riieeeeens 1940
A B A = To 1Y (= Y= 11 T £ S 1942
24.12.3.5 Operating Procedure for TAUINTTINm Input Pulse Interval Measurement
FUNCHION. ...ttt e e e et e e e s e e e e e 1943
24.12.3.6 Specific Timing Diagrams: Overflow Behavior ..............coovvvcciiiiieieeiieeee e 1944
24.12.4 TAUJINTTINm Input Signal Width Measurement FUNCLION.............cccuuiiiiiiieiiiienens 1948
240241 OVEIVIEW ...eiiieiiiiieeee ettt ettt ettt et e sttt e e e ettt e e s s bbb et e e s asbe e e e e e e bbb e e e e s annnneeee s 1948
o S o U o] o 1= 1949
24.12.4.3 Block Diagram and General Timing Diagram..........coooiiiiiiiiiiiiieeiiaea e 1949
24.12.4.4 ReQISIEr SEHINGS ..iiiiiieiei i i i i e e e e s r e e e e e e e e e e e s s rrr e e e e aaeaeeeesaannns 1951
24.12.4.5 Operating Procedure for TAUINTTINm Input Signal Width Measurement
U [T (o] o PP PPP PP PPPPPRP 1952
24.12.4.6 Specific Timing Diagrams: Overflow Behavior .............cccccciiiiiiiiiniiiieec e, 1953
24.12.5 TAUJINTTINmM Input Position Detection FUNCHON............uviiiieieeee e e e 1957
24.12.5. 1 OVEIVIEW ...teeiieiiuiiiiie ettt ettt e ettt e e sttt e e ettt e e s s bbb et e e s sbb e et e e e aab b et e e s annneeee s 1957
24.12.5.2 EQUALIONS ...eeiiiiiiiiiiie ittt ettt sttt ettt ettt e e e e 1957
24.12.5.3 Block Diagram and General Timing Diagram...........cccccceeeeieieieeeeeeeeeeeeeeeeeeesininnnnns 1958
24.12.5.4 REQISIEr SEHINGS .. ettt e et e s aenneeeas 1959
24.12.5.5 Operating Procedure for TAUINTTINm Input Position Detection Function......... 1960
24.12.5.6 Specific TIMING DIagrams..........ccooiiiiiiiiiiieiiirere s e e e e e e e e e e e e 1961
24.12.6 TAUJINTTINm Input Period Count Detection FUNCLON...........cooocviiiiiiiiiiiieeeiieee e, 1962
24.12.6.1  OVEIVIEW ..eeeiiiiieiiiii ettt e sttt e sttt et e sb e ek e e e ssbe e e sab e e e st b e e e be e e s anne e e sne e e anreeennnes 1962
24.12.6.2 EQUALIONS ...ttt e e e e et et e e e e e e e e a bbb e e e e e e e e e e e e e e e aannne 1962
24.12.6.3 Block Diagram and General Timing Diagram ...........c.ocoveeeeiiiiieeeeniieeeee i 1963
24.12.6.4 REQISIEr SEUNGS ..uvvvurieiiii i e e e e e e e e e e e e e e e e e 1964
24.12.6.5 Operating Procedure for TAUINTTINm Input Period Count Detection Function. 1965
24.12.6.6 SpecCific TIMING DIAQIamMS. ... ....uuiiiiiiiiiie ittt 1966
24.13 Synchronous Channel Operation FUNCHONS ..........cuuiiiiiiiiiiiie e 1967
24.13.1 PWM OULPUL FUNCHION ...ttt e e e e e e e e e e e 1967
P T I R @ Y= = PO PPPRRTPR 1967
24.13.1.2 EQUALIONS ..eoiteiieiiiiie ittt ettt ettt ettt e ettt e et b e e ab e bn e nnbe e e nne e e be e e 1969
24.13.1.3 Block Diagram and General Timing Diagram ..........coccuveeeeiiiiiieeeniiieieeesiiieeeeene 1969
24.13.1.4 Register Settings for the Master Channel ..., 1971
24.13.1.5 Register Settings for the Slave Channel(S) ...t 1973
24.13.1.6 Operating Procedure for PWM Output FUNCLION ........ccuvvviiiiiiiiiiieiiiieec e 1975



24.13.1.7 SpecCific TIMING DIAQIamMS. ... ...cuoiiiiiiiiiiieiiiiie et 1976

Section 25 Motor Control TIMer (TSG3) ...uuuuuuiiiiiiiiiiiii it 1979
25.1 Features of RHB50/PLM-E TSG3 ......ouuiiiiiiiiiiieeiiiiiieeesiteee e e s siitee e e s s sstaaeaessssseeaesaseaeeaesanssneeens 1979
25. 1.1 NUMDEE Of UNIES. ..ttt e e e e e e e e e e e e e e e e e e e nneeee 1979
25.1.2 RegiSter Base AUUIESS.......ccciiiiiiiiiiiiie ettt e e e e e s s e e e e e e e e e e e 1979
25.1.3  ClOCK SUPPIY ettt ettt e e e e ettt e e et e e e e e e e e e s nnnbebteeeeaeaaaeaeeaannnee 1979
A TRt S 1 1 1= (] o] B =T [ 1 1980
25.1.5  RESEEI SOUICES ...t e e e e e e e et et ettt e ettt e bbb e e e e e e e e e aaaaaeaeeaens 1981
25.1.6  External Input/Output SIgNalS...........cccciiiiiiiiiie e e e e e e 1981
BT O 1V o T PSRRI 1982
25.2.1  FUNCHONAI OVEIVIEW ......eiiiiiiiii it 1982
ST = [ Yot QI 1 - Vo |- o PSSR 1984
ST T = U= 1] (= £ U PRRSPRRR 1985
25.3. 1 LISt Of REGISIEIS ..ottt ettt s et e e s e e e e e naeee 1985
25.3.2 TSG3NCTLO — TSG3n Control REQISLEr O ...uuvuiiiiiiiiee e 1988
25.3.3 TSG3nCTL1 — TSG3n Control REGISIEr L ......uoiiiiiiiiiieeiiiiieee e 1989
25.3.4 TSG3NCTL2 — TSG3n Control REQISLEr 2 ....uuuiiiei i 1991
25.3.5  TSG3nCTL3 — TSG3Nn Control REGISIEr 3 ... ..uiiiiiiiiiiee et 1992
25.3.6 TSG3NCTL4 — TSG3n Control REQISLEr 4 .....uueiiii i 1993
25.3.7 TSG3nCTL5 — TSG3n Control REGISIErD .......ueeiiiiiiiiiieiiiie e 1995
25.3.8  TSG3NCTL6 — TSG3n Control REQISLEr 6 .....uuiiiiiiiiieieeecceeece e 1998
25.3.9 TSG3nCTL7 — TSG3N CoNtrol REGISIEr 7 .....vveeeiiiiiiieee et 2001
25.3.10 TSG3NCTL8 — TSG3n Control REQISEr 8 .....uuiiieiiiii e 2002
25.3.11 TSG3nlIOCO — TSG3n I/O Control REGISEID .....ccouviiieeiiiiiiie et 2003
25.3.12 TSG3nIOCL1 — TSG3n I/O Control REGISIEIL .......ceiiiiiieee e 2004
25.3.13 TSG3nIOC2 — TSG3n I/O Control REQISEI2......couviiieeiiiiiiee e 2005
25.3.14 TSG3NnIOC3 — TSG3n I/O Control REQISIEI3 ......uiiiieii e 2006
25.3.15 TSG3NSTRO — TSG3n Status REGISLEr O ......evveieiiiiiiiie e 2007
25.3.16 TSG3NSTR1 — TSG3n Status REGISIEN L ......cvvviiiiiiiiiie et 2008
25.3.17 TSG3NSTR2 — TSG3N Status REGISIEN 2 ......vviiiiiiiiiiiee e 2009
25.3.18 TSG3nSTC — TSG3n Status Clear Trigger REQISEr .......coooviviviiiieeere e 2012
25.3.19 TSG3nOPTO — TSG3N Option REGISIEr O......eeveiieiiiiiiieeeeiiiee e 2014
25.3.20 TSG3NOPT1 — TSG3n Option REQISLEr L.....cccceieieeeeeeiieeeeeeeee e 2016
25.3.21 TSG3nTRGO — TSG3n Trigger REGISIEr O.....cveiiiiiiiiiieeieiiiee ettt 2017
25.3.22 TSG3NTRGL — TSG3N Trigger REQISLEr L......ccoiiiiiiiie e 2017
25.3.23 TSG3NTRG2 — TSG3N Trigger REGISIEr 2......viiiiiiiiiiiee et 2018
25.3.24 TSG3nCNT — TSG3n Counter Read Buffer RegISter ...........ooovvvviiiiiiiiiiiiiiiiii e 2018
25.3.25 TSG3nCNTE — TSG3n Bit Extended Counter Read Buffer Register............ccccceeevnnne. 2019
25.3.26 TSG3nSBC — TSG3n Sub-Counter Read Buffer Register...........oovvvvieiiiiiiiiiiiiiieeeeee, 2020
25.3.27 TSG3nSBCE — TSG3n Bit Extended Sub-Counter Read Buffer Register .................... 2020
25.3.28 TSG3NCMPO — TSG3n Compare RegiSter O.......ccoceeeiiiiiiiieeeeeeee e 2021
25.3.29 TSG3nCMPOE — TSG3n Bit Extended Compare Register O........ccccovvvveveeiiiiiereennninne, 2021
25.3.30 TSG3NCMP1W — TSG3n Compare RegiSter 1, 2.......ccccoiviiiiiiiieeieeeiiere e 2022
25.3.31 TSG3NCMP3W — TSG3n Compare RegiSter 3, 4......cccoiiiiieeiiiiiiiee et 2022
25.3.32 TSG3NCMP5W — TSG3n Compare RegiSter 5, 6........cccovvviiiiiiiieiiieeiire e 2023



25.3.33 TSG3NCMP7W — TSG3n Compare ReQIStErS 7, 8.....cccuiiiiiiieiiiiiiie et 2023
25.3.34 TSG3NCMPOW — TSG3n Compare Registers 9, 10.........ccovviiiiiiiieeiiiiiiiiein e 2024
25.3.35 TSG3nCMP11W — TSG3n Compare Registers 11, 12.......ccccoovivveeeiiiiiieeeeiiieee e 2024
25.3.36 TSG3nCMP1 to TSG3nCMP12 — TSG3n Compare Registers 1 t0 12......ccccceeeveeeennnn. 2025
25.3.37 TSG3nCMPL1E to TSG3nCMP12E — TSG3n Bit Extended Compare Registers
I (o T P UOPPPRPPSPR 2026
25.3.38 TSG3nDCMPOW — TSG3n Diagnostic Output Compare Register 0, 1 ............ceeeeeeee. 2028
25.3.39 TSG3nDCMP2 — TSG3n Diagnostic Output Compare Register 2.........cccceevvvvveeeeennnen 2028
25.3.40 TSG3nDCMPOE to 2E — TSG3n Bit Extended Diagnostic Output Compare
LR LT 153 (=T 0 (o 2P 2029
25.3.41 TSG3nPATOW — TSG3n Pattern RegiSter O........oocuviiiiiiiiiieeeiieee e 2030
25.3.42 TSG3NPATIW — TSG3n Pattern RegISter L......cccooiiiiiieiiiiieieeeeeeeese e 2031
25.3.43 TSG3nDTCOW — TSG3n Dead Time Control Register O..........ccceveeiiiiieieeiiniieeeeeee, 2032
25.3.44 TSG3nNDTC1W — TSG3n Dead Time Control Register 1.........ooovvvvviiiieiiiiiiiiiiiiiieeeeeen, 2032
25.3.45 TSG3nCMPU — TSG3n HT-PWM U Phase Compare RegiSter.........ccccvveeiiiiiieeeennnen. 2033
25.3.46 TSG3NCMPV — TSG3n HT-PWM V Phase Compare Register .........cccoccveeeiiiiiineneeeenn. 2033
25.3.47 TSG3nCMPW — TSG3n HT-PWM W Phase Compare RegiSter .........cccccevvvivreeeeennnen. 2033
25.3.48 TSG3nCMPUE — TSG3n Bit Extended HT-PWM U Phase Compare Register............ 2034
25.3.49 TSG3nCMPVE — TSG3n Bit Extended HT-PWM V Phase Compare Register ............ 2035
25.3.50 TSG3nCMPWE — TSG3n Bit Extended HT-PWM W Phase Compare Register .......... 2036
25.3.51 TSG3nUPW — TSG3n SP-PWM U Phase Active Width Register...........ccccvviiieieennnnn. 2037
25.3.52 TSG3nVPW — TSG3n SP-PWM V Phase Active Width Register ..........ccccceeeeeiiinnnnennn. 2037
25.3.53 TSG3nWPW — TSG3n SP-PWM W Phase Active Width Register ...........ccocccveeinnnen. 2037
25.3.54 TSG3nUPWE — TSG3n Bit Extended SP-PWM U Phase Active Width Register ......... 2038
25.3.55 TSG3nVPWE — TSG3n Bit Extended SP-PWM V Phase Active Width Register ......... 2039
25.3.56 TSG3nWPWE — TSG3n Bit Extended SP-PWM W Phase Active Width Register ....... 2040
25.3.57 TSG3nHSPCMUE — TSG3n HSP-PWM Mode U Phase Compare Register................ 2041
25.3.58 TSG3nHSPCMVE — TSG3n HSP-PWM Mode V Phase Compare Register ................ 2041
25.3.59 TSG3nHSPCMWE — TSG3n HSP-PWM Mode W Phase Compare Register .............. 2042
25.3.60 TSG3nHSPSHUE — TSG3n HSP-PWM Mode U Phase Shift Register................c....... 2042
25.3.61 TSG3nHSPSHVE — TSG3n HSP-PWM Mode V Phase Shift Mode Register .............. 2043
25.3.62 TSG3nHSPSHWE — TSG3n HSP-PWM Mode W Phase Shift Register ...................... 2043
25.3.63 TSG3nDTPR — TSG3n Dead Time Protection RegISter .........cccvvvveiiiiiieieeiiiieee e, 2044
S S U oo 1o o PSPPI 2045
S R = - L (ol @] o 1= - 11T o PP EUTT TP 2045
25.4.1.1 Basic Operation of 18-Bit COUNLET........coiiuiiiiiiiiiiiiiee e 2045
25.4.1.2 Function of Compare REQISIEIS..........ccvvvviiiiiiiiiiiiiie e 2047
25.4.1.3 Compare Register Rewrite OPeration ..............ueeeiiiiiiiaaaiiiiiiiiieiee e e e e 2049
25.4.1.4  List of OUtputs iN EACh MOOE .......oouviiiiiiiiiiiii e 2057
S o B = L - 1 PSSR UPRPRPIN 2060
25.4.2  MALCH INTEITUDL ..ottt et e et e e e e st et e e s st b e e e e enaeas 2061
PR S T - To | PP SUSRR 2066
25.4.3.1 Up Count Flag (TSG3NCUF and TSG3NSUF) ......cccoiiiiiiiiiiiiiiee e 2067
25.4.3.2 Positive Phase and Inverse Phase Simultaneous Active State Detection Flag
(TSG3NTBFO t0 TSG3NTBR2).....ueiiiiiiiiiiiieee ettt ettt 2069
25.4.3.3 Reload Request FIag (TSG3NRSF)....cociiiiiiiiiiiieieiee e 2070

25.4.3.4  Noise Detection Flag (TSG3NNDF).......coiuiiiiiiiiiiiieeiiiiee e 2071



25.4.3.5 Pattern Order Detection Flag (TSG3NTSF)......coiiiiiiiiiiiiieiiiieeee e 2072

25.4.3.6  Pattern Error Detection Flag (TSG3NPEF).........uuuiiiiiiieeiiii e 2074
25.4.3.7 Pattern Reversal Detection Flag (TSG3nNPRF) .........ccccoiiiiiiiiii 2075
25.4.3.8 TSG3nPTSI2 to TSG3nPTSIO Pin Abnormal Toggle Detection Flag
(TSGBNPTE) ..ottt n et en s enneneeas 2077
25.4.3.9 TSG3nOPCIO0 and TSG3nOPCI1 Signal Simultaneous Trigger Detection Flag
(TSGBNTDR) .ttt ettt nb e nn e e e e e nnneesnes 2078
25.4.3.10 Pattern Phase Difference Detection Flag (TSG3NPPF) .......ccccvveiiiiiiiieiiiiiieeeen, 2079
25.4.3.11 Timer Output Pattern Flag (TSG3nOPF2-TSG3NOPFO).........ccvveiiiiiiiieeiiiieeeen, 2080
25.4.3.12 Pattern Switch Detection Signal (TSG3NPTE) .........coccccivviiiieiieeeiee e 2081
25.4.4  Interrupt SKIpPING FUNCHON. .....coiitiiiii it 2083
25.4.4.1 Operation of Interrupt SKipping FUNCLION.............cvviiiiiiiieii e 2084
25.4.4.2 Example of Operation when Peak Interrupt is Generated (in PWM Mode)......... 2087
25.4.5  A/D Conversion Trigger FUNCHON ..........iiiiiiiiiiiee et 2088
25.4.5.1 Operation of A/D CONVEIrSION THQOEN ...cevvveeeieiiiiiniiiieieeeeeeeeeaeeeeeeeereaeeeseennnnnnnnn 2089
25.4.6  Error/Warning INTEITUDL.......o.ueiiie ettt e e e e e 2094
25.4.6.1  Error INterrupt FUNCLION ........coooiiiiiie s e e e e e e e e e e 2094
25.4.6.2  Warning INterrupt FUNCLION ... ......uuiiiiiiiiiiiiiiiii e e e e 2097
P A © o T= ] = 1 o 1Y/ [ Yo 1= SRR 2098
25.4.7.1  PWM MOGE.....cciiiiiiiiiiie ettt ettt st bbb e e e e s nnn e e e 2098
25.4.7.2 HT-PWM mode (High accuracy Triangular - Pulse Width Modulation mode) ..... 2109
25.4.7.3 SP-PWM Mode (Shifted-pulse - Pulse Width Modulation Mode) ........................ 2131
25474  120-DC MOUE ......ueiiiiiiee ittt ettt ettt bbb e e b e 2142
25.4.7.5 HSP-PWM Mode (High accuracy Shifted-pulse - Pulse Width Modulation
1Y ToTe = PP PPPTPOTPPPPT 2176
25.4.7.6  Compare Register Setting in HSP-PWM MoOdE..............coovviiviiiiiiiiieeee e 2184
25.4.7.7  Timer Output Operation in HSP-PWM MOdE ...........ccocoiiiiiiiiiiiiieiiiiiee e 2185
25.4.7.8  Software Output Control FUNCHON ........coocuuiiiiiiiiiiiiie e 2196
Section 26 TiMer OPtioN (TAPA) ...ooi et s e e e e e e e e e e e eeeeeearanaan 2197
26.1 Features of RHB50/PLIM-E TAPA ... ..ottt e e et snnee e 2197
26.1.1  NUMDBET OF UNITS...oiiiiiiiiiiieiiie et e e s e e eenes 2197
26.1.2  ReQIStEr BAaSE AUUIESS.......ueiiiiiiiiiiiee ittt s e e e s e e 2197
P 200 O T O (o To QST o) o V2R 2197
26.1.4  INTEITUPE REOUESTS ....oeieiiiieieee ittt e e e e e e e e e e e e e e e n e e 2198
26.1.5  RESEL SOUICES .......euitiiiiiiiiiiee et e e e e e s r e e e e e e s s e 2198
26.1.6  INtEINAl SIGN@L.....ciiiiiiiiiieii e 2198
26.1.7  Peripheral Configuration...........cooiiiiiiiiiiiiie e 2199
26.2  OVEIVIBW ...eiiieiiie ettt ettt ettt et e st e e ekt e ekt e e aa R et e e s e e e e R r e e e Rt e e e R e e e nn e e e s e e e e e 2200
26.2.1  FUNCHONAI OVEIVIEW .......ooiiiiiiiiiiii et 2200
LI = o ol 1 1=V | =T o PP 2200
B S0 T o L= |13 (] £ 2200
P T O R N 1) Ao L= 1] (=] SRS 2200
26.3.2 TAPANCTLO — TAPARN Control REgIStEr O ....ccooiiiiiiiiiiieeeee e 2201
26.3.3  TAPANFLG — TAPAN Flag REGISEI .....uviiiiiiie ettt e e e e e 2202
26.3.4 TAPAnACWE — TAPAnN Asynchronous Control Write Enable Register........................ 2203

26.3.5 TAPANACTS — TAPAnN Asynchronous Control Start Trigger Register.............ccccuvvneee. 2204



26.3.6 TAPAnACTT — TAPAnN Asynchronous Control Stop Trigger Register ...........ccccceeeeneee 2204

26.3.7 TAPANOPHS — TAPAN Hi-Z Start Trigger RegiSter........covvvvviiiiiiiiiiiiiiiiiie e 2205
26.3.8 TAPANOPHT — TAPAN Hi-Z Stop Trigger REQISIEr ........ooviuiiieiiiiiieeeiieee e 2205
P U oo 1o o TR PPURURPTP 2206
26.4.1  Asynchronous Hi-Z Control FUNCLION...........oooii i 2206

b2 T Rt R © 1YY V11 R 2206

26.4.1.2 Example of System Configuration .............ccccuuriiiiriieeee s er e e e e e 2206

26.4.1.3  BASIC OPEIALION......uiiiiiiiiiiie ittt ettt ettt e e e e s 2208

26.4.1.4  Asynchronous Hi-Z Control by Software Trgger.......cccuveieiiniieieeiniiiiee e 2210

26.4.1.5 Operating PrOoCEAUIE .........uuuiiiiieiiiee e e e e e et e e e e e e e e s s s st e e e e e e e ee e e s e e snnenes 2211

Section 27 Timer Pattern Buffer (TPBA) ... ..o e e eeeeeeaaeees 2212
27.1  Features of RHB50/PLM-E TPBA .......oooiiiiiiiiie ittt ettt ettt e e e e s naaeeee s 2212
A A S R O | 11 £53= T o 4 = U 1= £ SR 2212
27.1.2 RegiSter Base AQUreSS........ccooiiiiiiiieeii st a e e e e e 2212
27.1.3  ClOCK SUPPIY ...ttt ettt e e et e e s ettt e e e e ab e e e e eanaeas 2212
27.1.4  INTEITUPE REQUESTS .. .ciieieiie ettt e et e e e et e e e e et e e e e e aabneeaeas 2213
27.1.5  RESEEI SOUICES ...ttt et e e e e e e e e e et e et ettt e et eete e baa e e e e e e e e e e e e eeaeaeaeeees 2213
27.1.6  External Input/Output SIgNAIS.........oooiiiiiie e e 2213
P O 1V V1= TP 2214
27.2.1  FUNCHONAI OVEIVIEW ...ceeiiiiiiiiie e ittt ettt e s ettt e e s et e e e s e ntbe e e e s enbbeeeeeenees 2214
P = (o Tod QB 1 =T | = 1o [P EUPT TR 2215
R B S (=T o |1 (= £ TP PP PU R U PPPPPPRRPPPP 2216
A Tt R 1~ o) 2 (=0 1S3 (=T =SSR 2216
27.3.2  TPBANCTL — TPBAN CONrol REQISTEN ....cciiiiiiiiieiiiiiiie ettt 2217
27.3.3 TPBANRDM — TPBAN Reload Data Mode RegiSter..............uuvvvviviiiiiiiiiiiieieieeeeeeeeeeeee 2218
27.3.4 TPBANRSF — TPBAN Reload Status REQISter .........cuveiieiiiiiiie e 2219
27.3.5 TPBANRDT — TPBAnN Reload Data Trigger ReQISter...........cuuvviviviiiiiiiiiiiiieieeeeeeeeeeeeen, 2220
27.3.6  TPBANTOE — TPBAnN Timer Output Enable RegiSter ..........cccccvviiiiiiiiiie e 2220
27.3.7 TPBANTO — TPBAN Timer OUutput REQISLEI........cccee e 2221
27.3.8 TPBANTOL — TPBAN Timer Output Level REJISIEr ........coocuiiiiiiiiiieeeiee e 2222
27.3.9 TPBANCMPO — TPBAnN Period Setting RegISter ............oovviiiiiiiiiiicreee e 2223
27.3.10 TPBANBUFmM — TPBAN Duty Setting REQISLEr ........cccuvviieiiiiiie e 2224
27.3.11 TPBANCMP1 — TPBAnN Pattern Number Setting Register ...........cocvvviiiiiiiiiiiiieeeeeee, 2225
27.3.12 TPBANCNTO — TPBAN Timer Counter REGISIEr .........oviiiiiiiieiiiiiie et 2226
27.3.13 TPBANCNT1 — TPBAN Address Counter REQISIEN ..........covvvveiviviiiiiiiiiiieieieeeeeeeeeeeeeee 2226
27.3.14 TPBANTE — TPBAN Enable Status RegISter.........coooiuiiiiiiiiiiieiiiiee e 2227
27.3.15 TPBANTS — TPBAN Start Trigger REQISLEr ........ccceiiiiiiiiiieeeeere e 2227
27.3.16 TPBANTT — TPBAN Stop Trigger REGISIEN.........uiiiiiiiiiei it 2228
A ¥ o (o] o ST TUPPPRRURPRR 2229
P S R = 7= U (o @ o= = 1o ] o PP 2229
27.4.1.1 Basic Operation of 16-Bit Counter (TPBANCNTO) ......ceeeviiiiiiiiiiiiiiieee e 2229

27.4.1.2 Basic Operation of 7-Bit Counter (TPBANCNTL) .....ccooovviiiiiiiiiieiieee e 2229

27.4.2 Compare Register REWrte OPEration ...........cooiiiiiiiiiiiiiieiie e e e e e e e 2230
27.4.3 DUty REWIItE OPEIAtION ..eeeviiiieeei e i i ittt te et e e e e e e s s e st r e e e e e e e e e s sesassbe e aeeaeaeeesesannnnnes 2233

27.4.3.1 TPBANBUFM Setting FIOW ......ooviiiiiiiiiiiicc e 2233



27.4.3.2  ACCESS 10 TPBANBURFIM ..cuiiiiii et 2234

27.4.3.3 Relationship between TPBANCNT1 Read Value and TPBAnBUFm................... 2235

27.4.4  Basic Operation EXamPIe .........oooi it a e 2236
27.4.4.1  LiSt Of OPEIratiONS ....ccceii ittt e et e e e e e e et e e e e e e e e s e s st aeeeeeaaeaeseesnnnnnnes 2237
Section 28 ENncoder TiImer (ENCA) ..ot 2241
28.1 Features of RHB50/PLIM-E ENCA ......ccooiiiiiiiieiieiee ettt e e e e e e e e s e e s st aeeeaeaaeeeeeean 2241
28.1.1  UNItS @nd ChANNEIS .....coiiiiieeeiee ettt e e e e e e e e e e e e e enneee e 2241
28.1.2 RegiSter Base AUUIESS.......ccciii ittt sttt e e e e e e s r e e e e e e e e s 2241
28.1.3  ClOCK SUPPIY ettt ettt e e e e ettt e e e e e e e e e e s e e nnnbebbeaeeaaaaaeeeeaaanaees 2242

P Tt S 1 1 1= (] o] B =T [ 1= 2242
28.1.5  RESEEI SOUICES ...t e e et e e ettt et ettt et be bbb a e e e e e e e e e e aaaeaeeaes 2242
28.1.6  External Input/Output SIgNalS..........ccciiiiiiiiiiie e e e e e e 2243
28.1.7  Internal INPUt/OULPUL SIGNAIS ......uveiiiiiiiiiiee e 2243

P T O 1YL o T P UR PP UPPURPRRP 2244
28.2.1  FUNCHONAI OVEIVIEW ....ceiiiiiieiiiiitie ettt e e e e e e sttt e e e e e e e e e e e e sanrbnrnees 2244

A A A =1 (o Tox 1 B I =T | =10 PP SPTOTPRPN 2245
S T B = (=T o 11 (= £ T TP PUPPURPRRP 2246
28.3.1 LISt Of REOISIEIS ... ettt e e e e e e e e e st reee e e e e e e e e e annnneeees 2246
28.3.2 ENCANCTL — ENCA CONtrol REQISIEN ....cvvviiieieie it e e n e e e e e e e e 2247
28.3.3 ENCANIOCO — ENCA I/O Control ReQISIEr O.......ueueeeiiiiieaaiiiiiiiiiiieeie e 2249
28.3.4 ENCANIOC1 — ENCA I/O Control REQISIEN L......uuvuiieiiiieeeeiii it ee e 2250
28.3.5 ENCANFLG — ENCA Status Flag RegISter ...........uueiiiiiiiaaiiaiiiiiiiieieeee e 2251
28.3.6 ENCANFGC — ENCA Status Flag Clear REQISIEN ........ccceeeviiiiiiiiiiieeieecee e 2252
28.3.7 ENCANCCRO — ENCA Capture/Compare RegiSter O .........cceeeiiiiiiiiiiiiiiiiieeeaaea e 2253
28.3.8 ENCANCCRL1 — ENCA Capture/Compare RegiSter L.......cccccvveeeeiiiiiiiiiniieiieeeeeeeeee e 2254
28.3.9 ENCANCNT — ENCA CoUuNter REQISLEN ......coiiiiiiiiiieiie e et eee e e e e e e e e e 2255
28.3.10 ENCANTE — ENCA Timer Enable Status REQISTEN .......ccceveeeiiiiiiiiiiiiieiie e 2256
28.3.11 ENCANTS — ENCA Timer Start Trigger REQISTEr ........cceviiiiaiiiiiiiiiiiieeee e 2257
28.3.12 ENCANTT — ENCA Timer Stop Trigger REQISLEN .......uvviiieeeeeiiiiiiciiiiieeireeeeeee e e e e 2258

S T © o T= ] 1 {0 o PSSR 2259
28.4.1  Timer COUNLEr OPEIALION ....cccciittiiiee ittt e et e e e sbae e e e aanaeas 2259
28.4.2  Up/Down Control of TIMer COUNLET ........uuuueiiiiiie i e e e e eeee e a e e e e e e 2261
28.4.2.1 When ENCANUDSJ[1:0] Bits in ENCANCTL = 00g.....ccicueeiieiieeieenireeniee e 2261

28.4.2.2 When ENCANUDSJ1:0] Bits in ENCANCTL = 01g...cccciieiiiiieiiiie e 2262

28.4.2.3 When ENCANUDSJ1:0] Bits in ENCANCTL = 10R . utcictreeerreeeniiire e sieee e 2263

28.4.2.4  When ENCANUDSJ[1:0] Bits in ENCANCTL = 115 ..ccccioiiiieiiieiee e 2264

28.4.3  Timer Counter Clear Control by Encoder INPUL ..........coceoiviiiiiiciiiiiiiicecce e 2265
28.4.3.1 Clearing Method when ENCANSCE = 0......cuuuiiiiiiiiieieeeei e 2265

28.4.3.2  Clearing Method when ENCANSCE = 1.......cocoiiiiiiiiiiiiiiie e 2266

28.4.4  Functions of ENCANCCRO .......cooiiiiiiee ettt e e e e e e e 2267
28.4.4.1  ComMPAre FUNCHON ... ...coiiiiiiie ettt e e e et e e e e e e e e e e e e annes 2267

28.4.4.2  CAPLUIE FUNCHION .....oitiiiiie ittt ettt ettt ettt e e e e e senneee s 2267

28.4.5 Functions of ENCANCCRL ...t e e e e 2268
28.4.5.1  ComMPAre FUNCHON........cciiiiiiiiiiiee e e s s e e e e e e s e et reeeaeeeeeseeanns 2268

28.4.5.2  Capture FUNCHON........cci ittt e e e e e e e e e e s r e e e e e e e e e e e e e ennnes 2270



28.4.5.3 Timer Counter Clearing upon Compare Register Match ............ccocvvvvreiniinnnenn. 2271

28.4.6  Startup/Stop Of TIMEr COUNLET........uuiiiiiiiiiiie e e e e e e e e e e e e aaeaees 2272
28.4.6.1  StArtUP OF TIMEI...ueeeieiiiiie ettt e e e e e e e e e e e e e e anaes 2272
P G T o o I o 1= P EPRRRR 2272

28.5 ENCA SetliNg SEOUENCES......cciiiiiieiiiiieeiteee e e e e e e sttt e e e eaeeeesasaasanebeeaeaeeaeaeeeassanansenrenneeeeaeeann 2273

28.5.1 Encoder timer Setting PrOCEAUIE ........ocuuiiiiieiiiiiee ettt 2273
28.5.1.1 Initial Setting Procedure for COUNLET ..........cccuuiiiiiieiieeee e e e e e 2273
28.5.1.2 Initial Setting Procedure for Counter Clear...........cccvviviiiiieiiieieeeeeeeeeeeeeeeeevieeeans 2274
28.5.1.3  Setting Procedure for ENCANCCRO REQISLEr .........cceeiiiiiiiiiiiiiiiien it 2274
28.5.1.4  Setting Procedure for ENCANCCRI1 REQISLEN ......uuuviviieeeeiiiiiiiiiiiieiee e e e e e 2275

2= G T I T2 11 o 3 = U OSSR 2276

28.6.1 Overflow Occurrence and Overflow Flag Clear Operation .............cccccovvvveeeeiiiiieeeeennn 2276

28.6.2 Underflow Occurrence and Underflow Flag Clear Operation .........ccccccveeeeeeeeeiieninvnnnnnnn. 2277

28.6.3 Count Clear and Capture Operation by Encoder Clear Input (ENCANEC pin)............... 2278

28.6.4  Conflict between Overflow Occurrence and Clear Operation by Encoder Clear Input

(ENCANEC PN .ttt ettt sn e s nn e e e e e e e nnneas 2279

28.6.5 Conflict between Underflow Occurrence and Clear Operation by Encoder Clear Input

(S [O7 Y o1 =L@ = ) PSRRI 2280

28.6.6  Overflow Operation Immediately after Startup ..........cccooveeeieiiiee e 2281

28.6.7  Underflow Operation Immediately after Startup .........ccccoovvieeieiiiiiee e 2282

28.6.8 Using the ENCANLDE Function Immediately after Startup .......cccccceevvvveeeeeeiiniiiiiiinne, 2283

28.6.9 ENCANLDE Function (Loading Count Value) ...........cceiveiiiiiiiiiiiiieee e 2284

28.6.10 Conflict between ENCANLDE Function (Loading Counter Value) and Rewrite of

ENCANCCRO REQISTEN ...ttt ettt e e e e ettt e e e e e e e e e e e e s anbabeeeeees 2286

28.6.11 Conflict between ENCANLDE Function (Loading Counter Value) and Clear Operation by

ENCOAEr ClEAr INPUL........oiiiiiiiiiiie ettt et e s e e e s snbneeae s 2287
28.6.12 Up-count after Conflict between ENCANLDE Function (Loading Counter Value) and
Clear Operation by Encoder Clear INPUL .........ccuuuiiiiiiiiiiieieeeee e 2289

28.6.13 Capture Operation between Count Clocks (ENCANCCRL)......ccccvviieiiiiiiieeniiiiieee e 2290

28.6.14 Capture Operation between Count Clocks (ENCANCCRO).........oooiiiiiiiiiiiiiieeeaeneeees 2291

28.6.15 Encoder operation when compare match clear control is enabled and ENCANCTS = 0 2292

28.6.16 Encoder operation when compare match clear control is enabled and ENCANCTS =1 2293

28.6.17 Encoder operation when compare match clear control is disabled .................ccecnveneee 2294

28.6.18 Capture Operation Performed upon Clearing by ENCAnEC, ENCANEO, and ENCAnE1

WHEN ENCANSCE = 1 ..ottt ettt e e st e e s e e e naneean 2295
28.6.18.1 Accompanying Capture OPEratioN ...........c.ueeieeiiurreieeiiiiiieeeriieeee e e seeeeee s 2295
28.6.18.2 When the Timing of the ENCANEC Input is Later than that of the ENCANEL Input

AUIING UP-COUNL ...ttt ettt e ettt e e s snbe e e e s snnnneeees 2296
28.6.18.3 When the Timing of the ENCANEC Input is the Same as that of the ENCAnE1
INPUL AUFNG UP-COUNT.....oiiiiiiiiiie ettt a e e e e e e e e e 2297
28.6.18.4 When the Timing of the ENCANEC Input is Earlier than that of the ENCAnE1
INPUL AUING UP-COUNT.....eeiiiiiiiiiiiie et 2297
28.6.18.5 When the Timing of the ENCANEC Input is Later than that of the ENCAnE1
INPUt dUFING DOWN-COUNL ...ttt e e e e e e e s e e e e e e e e e e e e e e s s e eereeeaaaeeas 2298
28.6.19 Capture Operation Performed upon Clearing by ENCANEC when ENCANnSCE =0...... 2299
Section 29 Peripheral Interconnection (PIC).........ccooiiiiiiiiiieiciicciee e 2300

29.1 Features of RHB50/PLIM-E PIC ...ttt 2300



P2 T O SO N [0 0 0] o Y=Y 0 ) U 11 £ 2300

29.1.2 RegiSter Base AQUIeSS........ccooiiiiiiiee et a e e e e 2300
20.1.3  ClOCK SUPPIY ...ttt ettt ettt e e et e e e e et b e e e e an e e e eanreas 2301
20.1.4  RESEL SOUIMCES .......euitiiiiiiiiiiee et a e e e s r e rr e e e e e e s ebaree s 2301
29.1.5  INPUL/OULPUL SIGNAIS ....ceiiiiiiiiiieiiiiti ittt e e e e et e e e e 2301
29.1.6  External INpUt/OULPUL SIGNAIS.........uviuiiiiiiiiie e e e e e e 2303
29.2  Peripheral InterconnNection — 1 (PICLA) ..uuuuiiiiiiieieeee e cccteee e e e e e e e e e e s s e e e eaeaeeesaeaanns 2305
29.2.1  OVEIVIEW...eiiiiiiie ittt tee ettt ettt et e st e ekt e et e e ne b e ek et e s e e e e e e nn e e ne e e 2305
29.2.1.1  FUNCLONAI OVEIVIEW........viiiiiiiitiiie ettt ettt e e 2305
20.2.2  REQISIEIS .eiieiiitiiiie ettt ettt a b e e e b e e e e e b 2306
29.2.2.1 LISt Of REQISIEIS. .. uiiiiiiiiie e ii ettt e e e e e e e e e e e e e ae e e e e e e nnnnnes 2306
29.2.2.2 PIC1ASST — Simultaneous Start Trigger Control Register...........ccccceevviiveeeeenne 2308
29.2.2.3 PIC1ASSERO — Simultaneous Start Control Register O .........ccccovcvvvveeeniiiienenenns 2309
29.2.2.4 PIC1ASSER1 — Simultaneous Start Control Register 1 .......ccccccceeeeeiiiiiiinnnnnee. 2309
29.2.2.5 PIC1ASSER2 — Simultaneous Start Control Register 2 ..........cccocvvveeiiiiiineeenns 2310
29.2.2.6 PIC1ASSER3 — Simultaneous Start Control Register 3 .........ccccovcvviviiniiiieenens 2312
29.2.2.7 PIC1AININO — Flip-Flop Circuit Initialization Register N0 ........cccccceeeeeevivvccvnnnee. 2312
29.2.2.8 PIC1AINIn1 — DT Initialization Register NL...........cccovuueiiieiiiiieiee e 2313
29.2.29 PIC1ATSGHALLSEL — Hall Sensor Input Select Register ...........cccccevvviieeeeenne 2314
29.2.2.10 PIC1ATAUDOSEL — TAUDO Input Select RegiSter.........cccevvveeriiveeiiiee i 2315
29.2.2.11 PIC1ATAUDISEL — TAUDL1 Input Select RegiSter.........cccovuvveieeiniiiieee e, 2316
29.2.2.12 PIC1AHIZCENQO — Hi-Z Control RegiSter O .........cceuiviieeeeiiiiiiiiiiiiieeeeeeeeeee e e sennnns 2317
29.2.2.13 PIC1AHIZCEN1 — Hi-Z Control Register 1 .........cccceovuieiiieiiiiiee e 2318
29.2.2.14 PIC1AHIZCEN2 — Hi-Z Control REGISIEr 2 .......cvveiiiiiiiiiie e 2319
29.2.2.15 PICI1AHIZCEN3 — Hi-Z Control REJISEr 3 .......uuuiiiiiiieeeeieiiiiiiiiieeereee e e e e 2320
29.2.2.16 PIC1AENCSEL400 — ENCATIN1 Input Select Register 400..........ccccceerrneennee 2321
29.2.2.17 PIC1AENCSEL410 — ENCATIN1 Input Select Register 410..........cccceevvivveeeennne 2322
29.2.2.18 PIC1AREG200 — Timer Input/Output Control Register 200................cccevvvvnnen. 2323
29.2.2.19 PIC1AREG210 — Timer Input/Output Control Register 210..........ccccceevvivieeeeenne 2324
29.2.2.20 PIC1AREG2n1 — Timer Input/Output Control Register 2nl..........ccccccevvvvieeeeenne 2325
29.2.2.21 PIC1AREG2n2 — Timer Input/Output Control Register 2n2...............cceeevvvvnnee. 2327
29.2.2.22 PIC1AREG2n3 — Timer Input/Output Control Register 2n3............cccceevvvveeeeenne 2328
29.2.2.23 PIC1AREG30 — Timer Input/Output Control Register 30..........cccoovvvveeeiiiinnnenn. 2330
29.2.2.24 PIC1AREG31 — Timer Input/Output Control Register 31...........cccevvvvvvvvvvnvennnnnn. 2332
29.2.2.25 PIC1AREG50 — Timer Input/Output Control Register 50...........ccccovvveeeeinirnneenn. 2334
29.2.2.26 PIC1AREG51 — Timer Input/Output Control Register 51..........cccovvvveeeiiiiinnenn. 2335
29.2.2.27 POMONSEL — Port Output Monitor Select RegiSter.............cceeeeevevviiivieeeiiiinnnns 2336
29.2.2.28 PIMONSEL — Port Input Monitor Select RegiSter ............ccovviieeiiiiiiiieieiiiieenn, 2337
29.2.2.29 SELBSSER — Synchronous Clear Enable Register...........ccccovvveveeeeeeeiiiccninnnee, 2338

A e T ¥ o Tox (o o DO UUPT TP 2339
29.2.3.1  Simultaneous Start Trigger FUNCLON ...........ccoiiiiiiiiei e 2339
29.2.3.2 PWM Output Function with Dead TiImMe .........coovviriiiiiiiiiiiie e 2343
29.2.3.3 High Accuracy Triangle Wave PWM Output Function with Dead Time............... 2352
29.2.3.4  Delay Pulse Output Function with Dead TiMe.........ccccovuiiiiiiiniiieie e, 2365
29.2.3.5 Trigger Pulse Interval Measurement FUNCLION ............cceieieieieieeeeeeeeeeeeeeeeeeiiiiians 2371
29.2.3.6  Encoder Capture Trigger Select FUNCHON ...........ccceviiiiiiiiie e 2379
29.2.3.7 Two-Phase Encoder Control Function (Control Method 1) ..............cccoevviriiiinnnns 2386
29.2.3.8  Two-Phase Encoder Control Function (Control Method 2) ...........cccccceiviiiineenn. 2392

29.2.3.9 Three-Phase Pulse Input Control FUNCLION ..........ccvviiieeiiiiiiiieee e 2398



29.2.3.10 Three-Phase Encoder Control FUNCLION.........ccoivueiiieiieieeeeeeee e e e e 2407

29.2.3.11 TAUD Input SeleCt FUNCHON.......uuiiiiieieeeeie it e e e e e e e e s e e e e e e e e e e e s eannes 2411
29.2.3.12 Hi-Z CoNtrol FUNCLION .....cooiiee et e e e e e e 2413
29.2.3.13 Timer Output Monitor Function (PWM-Diag) .........ceeeeiiiiieiieiiiiiiieeiiieee e 2416
29.2.3.14 Timer Input MONItOr FUNCHION ....cviiiiiee it e e e e s se s serrere e e e e e e e e e e ennnnes 2417
29.2.3.15 TSG3 Synchronous Clear FUNCHION..........cccuuiiiiiiiiiieeee et 2418

29.3  Peripheral Interconnection — 2 (PIC2B) .......uiiiiiiiiiiiiaiiiiieee et e e 2419
P2 TR T R © 1Y = = PP RPPPP 2419
29.3.1.1  FUNCLIONAI OVEIVIEW....coiiiiieeiiiiiiiiteiee et e e e e ettt e e e e e e e s e s aban b eeeeeaaaeeeeeeaanns 2419

A T = L= 1) (= £ SRR 2419
29.3.2.1 LISt Of REQISIEIS. ...eiieiiiiiieeee ittt e e e e e e e e 2419

29.3.2.2 PIC2BADCGNTSELx — A/D Converter n Trigger Select Control Register x....... 2420

29.3.2.3 PIC2BADCGNEDGSEL — A/D Converter Trigger Edge Control Register.......... 2422

29.3.2.4 PIC2BADTEN4nx — A/D Converter Trigger Output Select Control Register ..... 2423

29.3.25 ADSYNCTRG — A/D Converter Synchronized Start Trigger Register ............... 2423

P TR TR T U | (o1 1o ] o [P P TSRO TR 2424
29.3.3.1 ADCG Trigger Select FUNCHION...........ueiiiiiiiiiie it 2424
Section 30 A/D Converter (ADCG) ....ooovuuiiiiiiiiiii et e e e e e e aaaaaaan 2427
30.1 Features 0of RHB50/PLM-E ADCG .......cuuiiiiiiiiiiiieiiiiiieeesaitieea e s sttt e e e s sntbeeesssntaeeeessnsneneeesansreas 2427
30.1. 1 NUMDBET Of UNIES....eiiiiiiiiiiiieee ettt nn e 2427
30.1.2  ReQiSter BASE AGUIESS .....uiiiiiei ittt ettt e e e e e 2427
G0 00 0 T O (o To QST o) o V2% PR 2428
30.1.4  INEEITUPE REQUESTES ... ..ttt ettt e e e e e e s e e e e e e e e e e e e e naes 2428
30.1.5  RESEL SOUIMCES .......euiiiiiiiiiiiieee ettt e e e e e s r e e e e e e s s e 2428
30.1.6  External INPUY/OULPUL SIGN@IS ....c.coiuuieiieiiiiiiee ettt sbbeeee e 2429
30.1.7 Analog Channels and Track and Hold FUNCLION .............coooiiiiiiiiicee e 2430
30.1.8  Virtual ChanNEl.......ccoooiiiiiiieee ettt e e e e e e e e e e s e eeeeeeen e s 2430
0.2 OVBIVIBW ettt e oottt ettt e e e e e e 4o oo the bttt et et e e e e e e e ae e e nabebeeeeeeeaeeeeeeeeaaanbeeaeaaaaeaaeans 2431
30.2.1  FUNCLONAI OVEIVIEW ....ceiiiiiiiiie e ittt ettt ettt e s e e s e e e e 2431

110 1 =1 (o To [ B = 1o = 11 L PR PP UR PP 2433

10 I T Tor- T W €T (01U o (51 € PR 2435
10 T L= |1 =T £ PP P PRSPPI 2436
G0 0 R N 1) o L= 1] (= SRS 2436
30.3.2 ADCGOADSYNSTCR — A/D Synchronization Start Control Register ...............cccevueeeee. 2439
30.3.3 ADCGOADTSYNSTCR — A/D Timer Synchronization Start Control Register............... 2439
30.3.4 ADCGNVCRj — Virtual Channel RegISter j .......ooiiciiiiiiiieiiieee e 2440
30.3.5 ADCGNDR] — Data REJISIEN j..iceciiiiiiiciiiiiiieie e e e e e e e ereeaaae e 2442
30.3.6 ADCGnNDIRj — Data Supplementary Information RegiSter j........ccccccevviiiiiiiiiiiienenneneenn. 2444
30.3.7 ADCGNnSMPCR — A/D Conversion Time Control REgISter ...........cccoevvviivvviiiieirieeeeeenn, 2446
30.3.8 ADCGNADHALTR — A/D Halt REQISIEN .....cceiiiiiiiieeeiiiiiie et et e et e e snraeee e 2447
30.3.9 ADCGNADCR1 — A/D CoNntrol REQISIEN 1 ....uvviiiiiieeeeeeeie ittt eee e e e e seevvran e e e e e 2448
30.3.10 ADCGNMPXCURCR — MPX Current Control RegISter..........cccciveriiiiiiiiiiiiiieiieeeeeeeen 2449
30.3.11 ADCGNMPXCURR — MPX CUIrent REQISIEN .....ccceeeiiiiiciiiiiieieeree e e s ee e e e e e e 2450
30.3.12 ADCGnMPXOWR — MPX Optional Wait RegiSter ..........cccuuiuiiiiiiiiaeaeiiiiiiieeee e 2451
30.3.13 ADCGNADCR2 — A/D CoNtrol REQISIEN 2 ....uviiiieiiieee ettt e e e e 2452



30.3.14 ADCGNnADENDPz — A/D Conversion Monitor Virtual Channel Pointer z...................... 2453

30.3.15 ADCGNTHSMPSTCR — T&H Sampling Start Control Register .........ccccceevveiiieeeeeeenenne. 2454
30.3.16 ADCGNTHSTPCR — T&H Stop Control REJISIEr .........ueviiiiiiiiieeiiiieeee e 2455
30.3.17 ADCGNTHCR — T&H CoNntrol REQISLEN .....uuiiiiiii e e e 2456
30.3.18 ADCGNTHAHLDSTCR — T&H Group A Hold Start Control Register.............ccveeeeenee. 2457
30.3.19 ADCGNTHBHLDSTCR — T&H Group B Hold Start Control Register.........cccccoeeeeeeeneee. 2458
30.3.20 ADCGNTHACR — T&H Group A Control REQISIEN.........eeeiiiiiiiieie it 2459
30.3.21 ADCGNTHBCR — T&H Group B Control REQISLET...........cccvvvvvveiiiiiiiiice i 2461
30.3.22 ADCGNTHER — T&H Enable ReQISTEr .......cccoiiiiiiiiiiiiiiieie e 2463
30.3.23 ADCGNTHGSR — T&H Group Select RegiSter ........ocoeeeeiiiiiiieeeerre e 2464
30.3.24 ADCGNSFTCR — Safety CoNtrol REGISIEN .........eeeiiiiiiiiiiei e 2465
30.3.25 ADCGNTDCR — Pin Level Self-Diagnostic Control Register...........cccceveeveiiiiiieeeeeeenenen, 2466
30.3.26  ADCGNnODCR — Wiring Break Detection Control RegiSter ...........ccccceviiiiieeeiiiiiieeennns 2467
30.3.27 ADOPDIGn — Wiring-break Detection Pin Setting Registern (N =0, 1) ........cceeeeeeeeee. 2469
30.3.28 ADCGNhULLMTBRO to 2 — Upper-limit/Lower-limit Table Registers 0to 2.................... 2470
30.3.29 ADCGNECR — Error Clear REQISIEr ......uuuueiii i i et e e e 2471
30.3.30 ADCGNULER — Upper-limit/Lower-limit Error RegiSter...........coeeviiiiiiiiiiiiiiieeeiiiieeeene 2472
30.3.31 ADCGNOWER — Overwrite Error REQISIEI.......uuuruiciiiiie e 2473
30.3.32 ADCGNPER — Parity Error REQISTEN.......uvviiieiiiiiiee ettt 2474
30.3.33 ADCGNIDER — ID EIror REQISIEI ...uuuueeieiiiiie e e et eeee ettt n e e e e e e aa e e 2475
30.3.34 ADCGNSGSTCRx — Scan Group x Start Control RegiSter ...........coccceeiviiiieeeiiniiieeeens 2476
30.3.35 ADCGNADTSTCRyY — A/D Timer y Start Control Register ..........ccccvvvvvvivviviiiiiiineeeeeen, 2477
30.3.36  ADCGnADTENDCRY — A/D Timer y End Control Register ..........cccccoviiivieiiniiiiieeenen 2478
30.3.37 ADCGNSGCRx — Scan Group X Control REQISTEr ........ccovviiiieeeiiiiire e 2479
30.3.38 ADCGNSGVCSPx — Scan Group x Start Virtual Channel Pointer ............cccoccveeeeenne 2481
30.3.39 ADCGNSGVCEPx — Scan Group x End Virtual Channel Pointer ...........ccccoeeeeeeneeennn. 2482
30.3.40 ADCGNSGMCYCRx — Scan Group x Multicycle RegiSter ..........ccvveieiiiiiiiieiiniiieeeens 2483
30.3.41 ADCGNSGSRx — Scan Group X Status RegiSter.......cccceviiiiieiieeiiiiieeeeeevee e 2484
30.3.42 ADCGNhADTIPRy — A/D Timer Initial Phase Register y........ccccoviiiiiiiiiiieeeeiece e 2485
30.3.43 ADCGNADTPRRY — A/D Timer Period ReQIStEr Y ......cccovvviiivieeiieiieciie i 2486
30.3.44 ADCGNhULLMSRx — Scan Group x Upper-limit/Lower-limit Table Select Register ....... 2487
LT T3 1T o RSSO 2488
30.4.1  A/D CONVEISION FUNCHION. ..ottt e e e e et e e e e e e e e e e e e sanenseees 2488
30.4.1.1 Example of Multicycle Scan Mode Operation............cccueeeeiiiieeeeniiiieeeeseniieeeeens 2488
30.4.1.2 Example of Continuous Scan Mode Operation ............ccceeeeeeeeieieveeeeeieiiinn 2490
30.4.1.3 Simultaneous Track and Hold Operation (THC Control) ...........cccccveeiiiiiiiiiinnns 2491
30.4.1.4 Example of Normal A/D Conversion Operation in Addition Mode ....................... 2495
30.4.1.5 Example of Using an External Analog Multiplexer (Port Qutput)...............cvvvnnne. 2496
30.4.2  THQOEN FUNCLION L.ooiiiitiiie ettt et e e e e e e e e nbe e e e nneee 2497
30.4.2.1 Starting a Scan Group by Using a Hardware Trigger..........ccccvvverereereeeeeeiieiiinnnns 2497
30.4.2.2  Starting a Scan Group by Using an A/D Timer THQQer ........ceevieeeeiniiiiiiiienee 2497
30.4.2.3  Starting A/D Timer by Using a Hardware Trigger.........ccuevieiiiiieieeiniiieee i 2498
30.4.3  SUSPENA FUNCHON......eiiiiiiiieeeii ettt e e e e e e e s ettt e e ee e e e e e e e e e annnnreees 2499
30.4.3.1 Example of Synchronous Suspend and Resume Operation.............ccccceeeevennee. 2499
30.4.3.2 Example of Asynchronous Suspend and Resume Operation ...........c.ccoocvveeeeenne 2500
30.4.3.3 Mixed Synchronous and Asynchronous Suspend Operations ................cccuvueee. 2500

30.4.4  Self-DiagnOStiC FUNCHON.........iiiiiiiiiiiiie ettt e et e e e e nabre e e e e anes 2501



30.4.4.1 Pin Level Self-Diagnostic FUNCLION..........occuiiiiiiiiiiiiiece e 2501

30.4.4.2 A/D Conversion Circuit Self-Diagnostic FUNCHION .............cccccvviiiiieeiee e 2503
30.4.4.3  WiriNg-Break DeteCON .......c.uuuiiiieiiiiiee ettt e 2504
30.4.4.4  Diagnosis of Wiring-Break DeteCtion.............cuiiiiiiiiiiiiiiiie e 2505
30.4.4.5 Pin-Level Self-Diagnosis of T&H Paths..........ccccccceeiiiiiiiiiiiiie e 2506
30.4.5 Interrupt REQUESE FUNCHION .....coiiiiiiiiiiie e 2512
30.4.5.1 Scan End INterrupt REQUEST .......uviiiiiiiieee i e e e e e e 2512
30.4.5.2 A/D Error Interrupt Request and A/D Parity Error Interrupt Request................... 2513

30.4.6 Combination of Wiring Break Detection and A/D Conversion for Same Physical
L4 3T o = PSP 2515
K10 S O o 1= 1= 11 o] o T O PP OTPPPPR PP 2516
30.5.1  INIIAL SEENGS ....eeeeeee ettt e e et e et e e 2516
30.5.2 Procedure for Starting A/D CONVEISION .......ccvieieiiiiiiiiiiieiee e eee e e e e s sssssninereeeeasaeeeeeesannnns 2517
30.5.3  Procedure for Stopping A/D CONVEISION ......ccuvuiiieiiiiiiiee ettt 2518
30.6  Definition of A/D CONVEISION ACCUIACY .......coeeiiiuuitiiieieteeaeaeeee s aaiibbese e et e e ae e e e s e s s anibbebeeeeeaaaaaeaeas 2519
Section 31 Functional Safety .........ooooiiiiiiicc e 2520
I @ 1V T - PP PR PP 2520
312 ECC ANU EDC..... oottt ettt 2521
R 1 2 R © 1Y = o= SR 2521
BL.2.1 1 ECC ittt 2521
31.2.1.2  AAAIESS PArTtY . ...ttt e e e e e e e e e eeeaaaaa e e e e aaa 2522
31.2.2 Code Flash ECC and AdAress Parity .........cueeeeeiiiiiiiiiiiieeieeeeee e e e e e ssssinveaereeee e e e e e s a e 2523
3L.2.2.1  OVEIVIBW ittt ettt etttk e bt e skt e e ab e e st bt e st e e et et e e bn e e e anbe e e nnnes 2523
31.2.2.2 LISt Of REQISIEIS. ...eiiiiiiiiiiiii ettt 2524
31.2.2.3  Details Of REQISIEIS ..cciiiie e e e e e e e e e e s 2525
31.2.2.4  TeSEFUNCHON. .....tiiiiie ittt ettt ettt e e 2536
31.2.3  Data Flash ECC.......coo et e e e e e e e e e s an st rneeeeeaaeeeeeanns 2537
3BL.2.3.1  OVEIVIBW ..ttt e ettt et et e e e ekttt ettt e e e e e e e s e s s bbbt beebeeeeaeaeeeaaeannnnnee 2537
31.2.3.2 LISt Of REGISIEIS. ...eeiiiiiieiiie ettt 2538
31.2.3.3  Details Of REQISLEIS ....c...viiiiieiiiiiit et 2539
31.2.3.4 TSt FUNCHON. ...eetiiiiieiee ettt e e e e e e e ettt e e e e e ae e e e e e eannnnes 2547
31.2.4  LOCAl RAM (CPUL) ECC .....ooeeieiecececeeeeteeeeee e en e en s 2548
312,41 OVEIVIEW .ottt ettt ettt ettt ekt e bt e e sa bt e ss e e s b e e e s e s nen e e n e 2548
31.2.4.2 LISt Of REQISIEIS. ...eeiiiiiiiiee ittt e e e e e e e e e e aannes 2549
31.2.4.3 Details Of REQISIEIS ..ooiiiie it e e e e e e e e e e 2551
31.2.4.4  TeSEFUNCHON......ciiiiii ittt e e e e e sennee e s 2562
31.25  Global RAM ECC.... ittt e e e e e e e et e et e e e e e e e aesantnebeeeeeaaaaaeeeeans 2564
312,51 OVEIVIEW .ooeiiieiii ittt ettt ettt et et se et st e an e e nre e s nnn e 2564
31.2.5.2 LISt Of REQISIEIS. ...ttt e e e e e e e e e e enenes 2565
31.2.5.3  Details Of REQISLEIS .......viiiiiiiiiiiii ettt 2568
31.2.5.4  TeSt FUNCHON......iii ittt 2583
31.2.6  Instruction Cache ECC and EDC ...t e e e e e 2585
3L.2.8.1  OVEIVIEW ..eeiiieiiiiiriie ittt ettt et e e skt e ss e e san e e e s e e s e e e e s e e 2585
31.2.6.2  LiSt Of REQISTEIS. .. .eiiiitiiiiiiiie ettt ettt sttt e e sin e e e e s 2586
31.2.6.3  DetailsS Of REQISLEIS .......veiiiiiiiiiiii ettt 2587
31.2.6.4  TeSt FUNCHON. ...ttt 2605

31.27 DTS RAMECKC. ... o oottt e e e e e s a e e e e 2606



31.2.8 ECC for Peripheral RAM (32 BilS) ....ccciiiuuiiiieiiiiiiie ettt 2606

3 2 S T A @ Y= V= RSP PPTTUTPI 2606
31.2.8.2 LISt Of REQISIEIS. ...eeeeeiiiiieeeei ettt e e e e e e e e e e ennes 2608
31.2.8.3  Details Of REQISLEIS ...c..uviiiiiiiiiiiie ettt 2610
I 2 - T S 1= T~ o U [od o o PSPPI 2619
31.2.9 ECC on Data Transfer Path...........oooiiiiiiiie e 2620
31.2.9.1 ECC ProteCtion 0N BUS.......cccuuuiiiiiiiiieiieeee e ssescctinieeee s e e e e e e e e e s s s snrnnaeaerereeeeeeesaannnns 2620
31.2.9.2 Failure Detection Function for GRAM ACCESS......cccueiiiiiiiiiiiiiiiiiieeee e e 2620
31.2.9.3 Fault Detection Function of Arbitration ..............cceeeiiiiiiiiiii e 2621
31.2.9.4 LISt Of REQISIEIS...uuiiiiiiiiiee it e e e e e e r e e e ae e e e e e e annnnes 2621
31.2.9.5 Details Of REQISIEIS ..ccoiiiiiiiiiiie et e e e e e 2625
31.2.9.6 TS FUNCHON. ....eiiiiiieiee ettt e e e e e e e e e e et eeeeeaeeeeeeennnnnnes 2673
3 21 0 B (O @ = [od 1o ] o [P SRR PR 2675
31.2.10.1 ECC code for RAM Modules exception instruction cache RAM (data) ............... 2675
31.2.10.2 EDC Function for Instruction cache RAM (data) ...........coeeevviiiieiiiiiiieieniiiieieeene 2677
31.2.10.3 ECC Function for Code FIash ... 2679
31.2.10.4 ECC Function for Data FIash ... 2682
I I B Mo o] 3 (=] o TP TP UPPPPPURPPRP 2684
1 U 70 R 1Y o )l =0 £ = = R 2684
31.3.2  Details Of REQISEIS .....eiiiiiiiiiiie it 2685
31.3.2.1 CMPTSTO — Comparator Test Register O...........ceeeeiiiiiiieiieeeieeeceeeeeeeevviinn 2685
31.3.2.2 CMPTST1 — Comparator Test RegiSter L........cccuiiiiiaiiiiiiiiiiiiiieeee e e 2686
31.3.2.3 PDMA_COMP_CNTRL — PDMA Comparator Error Injection Control Register. 2687
I JEC B U - To [ NN (o] (L T PP PPPTPTPRTP 2688
30 I S Y =T o To TV (0] (= ox 1T o 2689
3 ot R O 1YY V1= PP PPRTPUPRPRN 2689
31.4.1.1 Protection Mechanisms Inside the ProCessors ...........oooiiiiiiiiiiiiiiiie s 2691
31.4.1.2 Peripheral Register Protection with H-bus Guard (HBG) and P-bus Guard
[(od =T ) PRSPPI 2693
31.4.1.3  Global RAM ProteCHON . .....ciii ittt e e 2693
31.4.1.4 Protectable Memory REGIONS .......cooouuiiiiiiiiiiiiie ittt 2694
31.4.1.5 Default MPU and Guard Configuration..............cueeeeiiiiiieieiiiiiieee e 2694
3 I S €] = { PSP PURPPPRPRN 2694
31.4.2.1 LISt Of REQISIEIS. ...eeiiiiiiieiiiee ittt 2695
31.4.2.2 Details Of REQISIEIS ....ciii e e e e e e e e s 2697
G I e S = T TSN 2704
31.4.3. 1  LiSt Of REQISIEIS. . .eeiiiiiiiiiiii ettt e e s 2718
31.4.3.2 Details Of REQISIEIS .....ciii i e e e 2731
I I 1= T R USPS 2744
31.4.4.1 Details Of REQISIEIS .. .ciiii i e e e s 2745
3 I T O o o3 Q1Yo 1 (T G (I 2 PR 2752
3151 FEAMIIES ..oeiiiiiii i e 2752
31.5.1.1  Clock Monitor Configurations .............cceuvuuuiiiiiiiiiiirseee e 2752
31.5.1.2  BIlOCK DIBQIAIM ....eteiiiieiieieee ettt ettt et e e e e e e e e s bbb be et e e eeaaaaaeeeaanns 2753
31.5.1.3 External INPU/OULPUL PINS ......eviiiiiiiiiiie i 2753
31.5.2  FUNCLIONAl DESCIIPLION .....evviiiiiiieiiie e e e et e e e e e e e e e e e e aeaaeeeeeeans 2754
31.5.2.1 Detection of Abnormal Clock FreqUeNCIeS............ceeviiiiiiiiiiiiiiiieiieiee e 2754

31.5.2.2  RESEHNG CLMAN c.coiiii et e e e et e e e e e e e e s et e e e e eaeeeeeeannnnnes 2756



31.5.2.3  SElf-DIBONOSIS .. .uveeiiieiiiitiiieee ittt 2756

3 T T L= T {13 (=] PR 2757
31.5.3.1  RegiSter ProteCtiON. .. ...ttt a e e e 2757

31.5.3.2 LISt Of REQISIEIS....uitiiiiiiiee it e e e e e e e e e e e e e e e e e e e e nnnnnes 2757

31.5.3.3 Resetting the REQISIEIS .......ccooiiiiiie e 2758

31.5.3.4 CLMANCTLO — CLMARN Control REQIStEr O .......cuvvevieiiiiiiieeiiiieee e 2759

31.5.3.5 CLMANCMPL — CLMAN Compare ReQISter L.......ccccceeeeiiiiiiiiiiiiieieeeee e e 2760

31.5.3.6 CLMANCMPH — CLMAnN Compare Register H ........ccccccooiiiiiiiiiiiiiieees 2760

31.5.3.7 CLMANPCMD — CLMAnN Protection Command RegiSter............ccccuvveeirniiineeens 2761

31.5.3.8 CLMANPS — CLMAR Protection Status RegISter ............ccovccvviviiiierieiee i 2761

31.5.3.9 CLMATEST — CLMA Self-teSt REQISLEN ....ceiiiiiiiiiiieiiiiiiiiee et 2762
31.5.3.10 CLMATESTS — CLMA Self-test Status ReQISter .........c.eevveiiiiieieriiiiieee e, 2763

3 S O o T - 11 o] o PR 2764
31.5.4.1 Write-Protected REQISTEIS .......eiiiiiiiiiiie ittt 2764

31.54.2 Reset Procedure Using CLMATEST.RESCLM .......cccoooiiiiiiiiiiiieiiiiieee e 2766

B 1 IO T = 1 1 PSSPt 2767
31.6.1 LISt Of REGISIEIS ..ciii ittt et e e s e e e e neeee 2767
31.6.2 Details Of REQISIEIS .. ..ccc it e e e e e e e e e e e aeeeeeees 2768
31.6.3 Confirming Completion of BIST with no Abnormalities Detected .........cccccccvvieeeeieiiinnnns 2783
31.6.4  State Transition of Field BIST ........ooo i 2784

0 S T8 o T o (TP PPPTPPIN: 2784

3 N A = 1 RSP 2785
13 08 T O TSRO 2785
13 R T VLV I RSP 2785
3 01 0 T 1 = 3 PP PSTP P 2785
Section 32 Error Control Module (ECM) .........uuiiiiiiiiiiiiiieeieeee e 2786
32.1 Features of RHB50/PLIM-E ECM ......ccoiiiiiiiiiiiiiiiiie ettt e e e e e e e e e s st een e e e e e e e e e e nnnnes 2786
72 051 R U 101 PO PURSOUPRPRN 2786
32.1.2 REQISIEr BASE AGUIESS....ueeiiiiiieeee i i e ittt e e e e e et e s s e e e e e e e e e e s e s ssn e arrerraaaaeeseanans 2786

R 7 I B O (o To QT U o] o] V2SR 2786
A T S [ 1 (=T ¢ {0 o] (=T |81 2787
32.1.5  External OUIPUL SIGN@IS ... .....ueeeiiiiiiiiee ettt e e e e e e e e e eeeeeaaaeeas 2787
G A O 1V 4V 1= PSS PSRP 2788
32.2.1  SPECIfICAtION OVEIVIEW ... e e e e e e e e e e e e e e e e e s e e e e e e aaeaaeeees 2788
32.2.2  FIASN OPLION ...t e e ab e e 2789
I B = [0 Tod [ =T | = o [ TR URUURPRP 2790
e T8 A =i ¢ (o) g 1 0] o1 | S PSSP 2790
32.3.2  Operations fOr ErOr OULPUL......cccoi ittt ettt e e e sbbe e e e sabbeeee e e 2794
32.3.3 ERROROUT DehaVior @t FESEL ........uuuiiiiiiiiiieeie it 2794
32.3.3.1 Enabling DYNamiC MOUE .......ccuuuiiiiiiiiiiiee et 2794

32.3.3.2 Disabling DynamiC MOE..........cccuuuuiiiiiiiieeee e e e e e e e e e s err e e e e e e s e e e 2795

Y I S = ¢ (o] g ] = (U - SO TP U OO PP PPPPPP 2795
32.3.5  Writing t0 Protected REQISIEIS.......ccccueiieiiiiiiiie e e e e e s r e e e e e e e e e e ennnes 2795
32.3.5.1 Protection UNIOCK SEQUENCE .........coeveviiiieiiiiiiii i e e e e e e e e e e e e e e e s 2795

32.3.5.2  Interrupt during Write SEQUENCE .........coeiiiiiiiiieiiiiiiie ettt 2796



32.3.5.3 Emulation Break during Write SEQUENCE ........coocuiiiiiiiiiiiiieiiiiee e 2797

32.3.6  Timeout Function for INterrupt ProCESSING .......ciiiiiiiiieei e e e 2797
32.3.7  CONfIQUIALION TOCK ... eiiiiieiiiiie ettt 2797
32.3.8  Masking of error clear trigger regiStErS ... ... e 2797
32.4  RegiSter SPECITICALION .......cei ittt e e e e e s e s s e e e e e e e e e e e a e —rraaeeeaaen 2799
7 A 1 ol =T 1S3 (] S PREEPR 2799
32.4.2 ECMMESET — ECM Master/Checker Error Set Trigger Register (m = M/C)................ 2804
32.4.3 ECMmMECLR — ECM Master/Checker Error Clear Trigger Register (m = M/C) ............ 2805

32.4.4 ECMmMESSTRO — ECM Master/Checker Error Source Status Register 0
(LU Y ) IR SSSRP 2806

32.45 ECMMESSTR1 — ECM Master/Checker Error Source Status Register 1
(LI Y ) I PPR PRSPPI 2807

32.4.6 ECMMESSTR2 — ECM Master/Checker Error Source Status Register 2
(LU Y ) TP UOPPRRPTR 2808
32.4.7 ECMmPCMDO — ECM Master/Checker Protection Command Register (m = M/C)...... 2809
32.4.8 ECMEPCFG — ECM Error Pulse Configuration Register.............ccccoviiiiiieiiiieeeenieies 2810
32.49 ECMMICFGO — ECM Maskable Interrupt Configuration Register O.........ccccccvvvveeeeeennnn. 2811
32.4.10 ECMMICFG1 — ECM Maskable Interrupt Configuration Register 1............cccceeeiiinnnnne 2812
32.4.11 ECMMICFG2 — ECM Maskable Interrupt Configuration Register 2.........cccccvvvveeeeennnn. 2813
32.4.12 ECMNMICFGO — ECM Non-maskable Interrupt Configuration Register O ................... 2814
32.4.13 ECMNMICFG1 — ECM Non-maskable Interrupt Configuration Register 1 ................... 2815
32.4.14 ECMNMICFG2 — ECM Non-maskable Interrupt Configuration Register 2 ................... 2816
32.4.15 ECMIRCFGO — ECM Internal Reset Configuration Register 0..........cccccvvveeeeieeeeeeeiinnnns 2817
32.4.16 ECMIRCFG1 — ECM Internal Reset Configuration Register 1.........ccccccceeeiiiiiiiiirinnnnn. 2818
32.4.17 ECMIRCFG2 — ECM Internal Reset Configuration Register 2..........cccccvvvevveieeeeeeeiinnnn, 2819
32.4.18 ECMEMKO — ECM Error Mask RegiSter O ..........ooiiiuuiiiiiiiiiiieee e e e e 2820
32.4.19 ECMEMK1 — ECM Error Mask REQISLEr L ......ccvvvveeeiiiiiiiiiiiieeeeeee e eer e e e e 2821
32.4.20 ECMEMK2 — ECM Error Mask ReQISLEr 2 ......cooiiiiiiiiiiiie et 2822
32.4.21 ECMESSTCO — ECM Error Source Status Clear Trigger Register O.......cccccceeeeveviiinnns 2823
32.4.22 ECMESSTC1 — ECM Error Source Status Clear Trigger Register 1............ccccvvvvinneee. 2824
32.4.23 ECMESSTC2 — ECM Error Source Status Clear Trigger Register 2.......cccccceeeevviiienns 2825
32.4.24 ECMPCMD1 — ECM Protection Command ReQISter ..........cceeiiiiiiiiiiiiiiiiiiieeee e 2826
32.4.25 ECMPS — ECM Protection Status REJISLEr .........cccccivviiiiiiiiieeeee e e 2827
32.4.26 ECMPEO — ECM Pseudo Error Trigger RegISter O .........ccoviiiaaiiiiiiiiiiiiiiieeeee e 2828
32.4.27 ECMPE1 — ECM Pseudo Error Trigger RegISter 1......ccccuvvieieerieieee e ieeeiiviieeeeeeeeae e 2829
32.4.28 ECMPE2 — ECM Pseudo Error Trigger REQIStEr 2 ........coeiiiiiaaiiiiiiiiiiiiieeeee e 2830
32.4.29 ECMDTMCTL — ECM Delay Timer Control REQISIEr ......c.cvvvvieeeeiiiiiiiiiiiiieeiee e e 2831
32.4.30 ECMDTMR — ECM Delay Timer REQIStEr .......ccoiiiiiiiiiiiiiieee e 2832
32.4.31 ECMDTMCMP — ECM Delay Timer Compare REQIStEr........ccuvveeeeeiiiiiiiiiiiiiiieiieaeeeeeen 2833
32.4.32 ECMDTMCFGO — ECM Delay Timer Configuration Register 0 ..........cccccceeeeiiiiiiiiinnnns 2834
32.4.33 ECMDTMCFG1 — ECM Delay Timer Configuration Register 1 ..........ccccccvvvvivvereeeeennnnn. 2835
32.4.34 ECMDTMCFG2 — ECM Delay Timer Configuration Register 2 .........cccccceveiiiiiiiiiinnns 2836
32.4.35 ECMDTMCFG3 — ECM Delay Timer Configuration Register 3 .........ccccccvvvveveveeeeeeennnn. 2837
32.4.36  ECMDTMCFG4 — ECM Delay Timer Configuration Register 4 .........ccccccceiiiiiiiiiinnnns 2838
32.4.37 ECMDTMCFG5 — ECM Delay Timer Configuration Register 5..........cccccvvvveveveeeeeeennnn, 2839
32.4.38 ECMEOCCFG — ECM Error Output Clear Invalidation Configuration Register ............ 2840
32.4.39 ECMPEM — ECM Pseudo Error Mask REgIStEr ...........coccviiiiiiiiiiie e 2841



32.4.40 ECMEPCTL — ECM Error Pulse Control REJIStEr .........cccoviiiiiiiiiiiiiiiee e 2842

Section 33 Data CRC FUNCLON A (DCRA) ....iiiii it e e e eeeeeeennneees 2843
33.1 Features of RHB50/PLIM-E DCRA .......uutiiiiiiiiiiie sttt e et a e s e stbae e e e s ntbae e e e e nnnbae e e e s enseeas 2843
3311 UNitS @Nd CRANNEIS ...ttt ettt e e e e e e e e et ae e e e e aaaaeeaeeaans 2843
33.1.2  REQIStEr BASE AUUIESS. . .ueeiiiiiieeee it e e ittt e e e e e e e s e st e e e e e e ee e e s e s ssn e aarrreaaaeeesaanaans 2844

R 70 I T O (o Tox QR T U o] o] V2SR 2844
10 T 0 A [ 1 (=T ¢ {0 o] (=T |81 2844
OIS T I T = =TT A Yo 10 [ (o =T 2844
33.1.6  External INpUt/OULPUL SIGNAIS......ciiiiiiiiiii e e 2844

I 0 O 1V - o T PRSP 2845
33.2. 1 FUNCLIONAI OVEIVIBW .....etiiiieiieeee ettt e ettt et e e e e e e e e e e s annbnnbeeeeeeeaaaaeeeaaaanns 2845

G T = 1 o Yot Q0 =T | - 1 . PSRRI 2845

IS T2 B O o 1= =1 1 o] H @ o U1 SRR URP R 2846
IS T B o (=T 11 (= £ TP T PR PUPPRPPP 2848
G 70 700 R N 1Y o) (=T 1S3 (=] =SSR 2848
33.3.2 DCRANCIN — CRCN INPUL REGISIET ...ttt 2849
33.3.3 DCRANCOUT — CRCN Data REQISIEr .....uuuuiiiiiii i a e 2850
33.3.4 DCRANCTL — CRCN CONtrol REGISIET .....eeiiiiiiiiiiiie ittt 2851
I I N @ o 1= =1 1o o TR PPRPRPRR 2852
Section 34 On-Chip Debugging Unit (OCD) .....cccoeeeiiiiiiiiiieeeiiiiieeee e 2853
I R B T o T To [ U T 1o o LU TP PPRPURPRP 2853
34.2  Calibration FUNCHON ........oiiii et e e e e e e e e e s e bbb e e eeeaaeeeeaean 2855
34.3  Trace CONLIOl FUNCHION ...ttt ettt e e e e e e e e e b e e e e e e e e e e s e e anns 2855
34.4  Peripheral Break CONMrOl .........ccociiiiiiiiie et e e e e s s r e e e e e e s s e s aareeeaaeseannns 2855
34.5 Usage Notes for On-chip DeBUGGING .....coiiiiiiiiiiiiiii e 2856
Section 35 FIash MEMIOIY .....ccooi i e e e e e e e e e e e e e eeeeeennene 2857
TNt R T 1 (1= SO 2857
35.2  SHUCLUIE OF MEMIOIY ...ttt e e e e e e e ettt e e e e e e e e e e e e nanerateeeeaaaaaasaaaanns 2858
35.2.1 Mapping of Code FIash MEMIOIY .........uuuuuiiiiiiiiie et e e e e e 2858
35.2.2  Mapping of Data FIash MEMOTIY .........coooeiiiiiiiiiieee e e e e e e 2859
35.3  Operating Modes Associated with Flash MemOry ... 2860
S S 0 o 1o o 1 TR PPURPRPPR 2861
35.4.1  FUNCHONAI OVEIVIEW ....ceiiiiiieiiiiiiit ettt ettt e e e e e e s sttt e e e e e e e e e e e e aanbbnrne s 2861
35.5  Serial ProgrammMing ..........ccooioioiiii et s e s s e e e e e e e e e e e aeaaa e et et eeeaeaa e rarrnr i ————————— 2866
35.5.1  Environments for Programming...........occciuuiiiiiriiieeeeees s ecsiiinseeeeeeseeeeesssssssnnssneeereesaaeees 2866
35.6  CoMMUNICALION MOUES ...ttt e e e e e e e e et e e e e e eeeeesa s s ntnnreneeeneeaeeennns 2867
35.6.1  Asynchronous Flash Programming Interface — 1-Wire UART ......ccccooviiiieiiniiieieennn 2867
35.6.2  Asynchronous Flash Programming Interface — 2-Wire UART .......ccccceriiiiiinininiiiiinnne. 2867
35.6.3  Synchronous Flash Programming Interface CSl ..........cccooiiiiiiiiiiiiiieiiieeece e 2867

35.6.4 Selection of Communication Method.............uueiiiiiiiiii e 2868



35.7  Self-PrOgramiMiNg ......ccoi ittt e e et e e et e e e s e e e eeas 2869

ST R O 11 {1 L= OO UR PR 2869

1SN A7 = - Tod (o [ 110 [o @ o T=T =11 o] o NSRS 2869
35.7.3  Enabling Self-Programming........ .. a e 2869
35.7.3.1  FLMDCNT REQISIEN ....cciiiiiiiiiiieitiie ettt 2870

35.7.4  Write-ProteCted REQISIEIS .......eeiiiiiiiiiie it e e e e e e e e e e 2870
35.7.4.1 Write Procedure to Write-Protected RegiSters ........coocvvieieiiiiiiie e 2871

35.7.4.2  Interrupt during Writ€ SEQUENCE ......cceeeeeiiiiiiciiiieiee et e e e e e e e e e e e e e e e e ennnes 2872

35.7.4.3 Emulation Break during Write SEQUENCE ........coccuuiiiieiiiiiiiieiiiiee e 2873

35.7.4.4  FLMDCNT Register ProteCtON.........cciiiiiiiiiiiiiiiieie e 2873

35.8  Reading FIash MEMOIY.......oooiiiiiiie ittt e e s e e e s nnreeeas 2875
35.8.1 Reading Code FIash MEMOIY ..........euiiiiiiiiiiiiee ittt e e 2875
35.8.2 Reading Data FIash MemMOIY............ooi i ae e e e e e 2875
35.9  DeSCriPtioN Of REGISIEIS. .....iiiiiiiiiiiie ittt et e e s bbb e e e aebeas 2876
35.9.1 Registers Related to Data FIash MemOry............cooiiiiiiiiiiiiiiiiee e 2876
35.9.1.1 EEPRDCYCL — Data Flash Memory Read Cycle Setting Register ................... 2876

35.9.2 Registers Related to Write and Erase Protect of Flash Memory ...........ccccccoiviiiiennnn 2877
35.9.2.1 FHVEL15 — FHVELS5 CoNtrol REQISIEI........uuuiiiiiiiiiiie it 2877

35.9.2.2 FHVE3 — FHVE3 Control REQISter.........uuuviieiiiiiiiiii e eeee e 2878

35.9.3 Registers Related to Product INfOrmation.............ccooiuviiiiiiiiiiieiiie e 2879
35.9.3.1 PRDNAMEN — Product Name Storage Register (N =1t04) .......cccceevvvvevvvvrnnnns 2879

35.9.4 Registers Related t0 RESEt VECION ......coiiviiiiiiiiiiiee e 2880
35.9.4.1 GREG8 — Reset Vector 0 REJISIEN ........uuiiiiiiiiiiiee ettt 2880

oI O @ 11 o 1 =Y (OSSR 2881
35.10.1 OpPLtioN BYLe SELHNG.....ueeiieiiiiiiiiee ittt e e et e e e e st e e e e nebae e e e eaees 2881
35.10.1.1 Setting of OPtioN BYIE O ....eeiiiiiiiieiiieieeee e st r e e e e e s s s nerer e e e e e e e s e e e 2882
35.10.1.2 Setting Of OPLioN BYLE 2 .....eeiiiiiiiiieieie et 2883

35.10.2 OPBTO — OPtioN BYLE 0 ..uvviiiiiiiieieeeeie i it iee e e e e e e e e e s s st e e e e aa e e e e s s s snnnsnrneaeeeeeeeeees 2884
35.10.3 OPBT2 — OPtion BYLE 2 ....ciiiiiiiiiie ittt ettt sttt sbe e sibe e e snneeens 2886
35,11 ECC TOSE ANBB....uueiiiuieieitiee ettt e st e ettt ekt e et s ket e ettt e e s h b et e aab e e e s aE b e e e abbe e e sk be e e sabeeesabeeesrneeennneeens 2887
T 0t I 1= o = 0\ o] (= SO 2888
SECHON 36 RAM ... e e e et e e e et ettt a e e e e e e e e e e eeeeeeeeeearnranns 2889
TNt R T 1 (= SO S 2889
36.1.1  List Of ON-ChiP RAM ..ottt ettt st sab e e sbe e snbeeeenee 2889
30.2  OVEIVIEW ...ttt ettt ettt ekttt ekttt e ekt a4 e b et e okt e e aa bt e e e m b e e e oAb bt e e bt e e ek b et e eh b e e e sabe e e bn e e annee s 2890
36.2.1  FUNCLON OVEIVIEW. .....eiiiiiiiiiiiie ettt ettt ettt e et e e s st e e s e e e e s e e e e e anes 2890
3B.2. 0.1 A CCESS ittt ettt e et t e e e e e e e e e e e aeteeeeeaeae bt rbebabanannan 2890

36.2.1.2  EMUIALION RAM ..ottt e e e e e e e e e e e e e e e e e e e e anne 2890

36.2.1.3  ECC . ittt ittt b et e R et e ab e e n e ne e e 2890

36.2.1.4  RAM INItANZALION .....eeiiiiiiei et e e e e e e e e s nees 2890

36.3  BACKUP REQISTEN ...eeeeiiiiiiiei ittt e e e e e e s ettt et e e e e e e e e e s e e nbbbbeeneeaeeaeaeaanns 2891
36.3.1 LISt Of REOISIEIS ... ittt e e e e e e e st e e e e e e e e e e e e e annbnene s 2891
36.3.2 BRAMDATN — BacKUp REGISIEN ......ceiiiiiiiiiiie ittt 2891

S A o g TUTE= (o] T N 1 T 2892



36.4.1 EMUIAHION RAM . ..ottt e et e et e e e e e e et e et et e e et eeeea e e st e e eetaas 2892

36.4.2 Code Flash Emulation Function Using the Emulation RAM ............ooviiiiiiiiiiiineeeeee, 2892
36.4.3  EMUIAtioONRAM MEMOIY MAP.....ccciiiiiiiiiiiititiiieieeeeeeeee e s s s asareerreeeeeeaeeeeesssasnnrerreaereeeaeeees 2893
36.5  Calibration FUNCHON ........oi ittt et e e e e e e e e e s et e e eeaaaaaeeeeas 2894
36.5.1  Calibration Function Unit (CFU) ..o a e 2894
36.5.2  CFU REQISIEI LISt ....ciiiiiiiiiiiiriee ettt e e s e s e s e e e et e e e e e s s st nareeeaaaaeeeeenaans 2894
36.5.3 TM_CC — Cache Clear Operation REQISTEN .......ccccuiiiaiiiiiiiiiiiieieeee e 2895
36.5.4 TM_ME — Tuning Memory Mapping Enable RegiSter.........ccccccvvveeeiiiiiiiiiiiiiieeeeeeeeeen 2896
36.5.5 TM_MS — Tuning Memory Mapping Status RegiSter.........cccccceriiiiiiiiiiiiiiiiiiieeee e 2898
36.5.6 TM_MAO to 3 — Tuning Memory Mapping Address Registers 0t0 3.......cccccvveeeeeeiiinnns 2899
6.6 USAGE NOLES ...ttt e e e e e et e e e e e et et e e e e a et e e e e e e n e 2900
Section 37 Electrical SPeCIfiCAtIONS ..........uuuuiiiiiiiie e e e e e e e e eeeeeeaneees 2901
A R O 1YL= o T PP UUT PP PPPPURPRPP 2901
37.1.1 General Measurement CONAItIONS.........cccuuuiiiiiiiieiie e e e e e e e e 2901
37.1.1.1  CommMON CONAILIONS .....cieeeeeeiieiciiieiee e e e e e e e e e e e s e s e eereeeeaeeeeseeanns 2901

37.1.1.2  AC Characteristic Measurement CONItioN ............cooevriiiiieeiiiiiieeen e 2902

37.2  Absolute Maximum RANGS .....uuviriiiiiiiiiieieeeeieeiisiiete e e e e e e s s s s st reeeraaaeeesasansrnnrenerereeaeeesanns 2903
37.3  Supply Voltage CharaCleriStCS . ......oiuuiiiieiiiiiiie et eneeees 2904
37.4  OSCillator CharaCterSHICS .....cuuuiiiiiiiiiiie ettt e et e e e e e et e e e e e e st e e e e s eebaaaeeeeessbanseesenes 2904
37.5 Characteristics of High-Speed Internal Oscillator CirCUIt...........cvvveieiiiiiiieeiiee e, 2905
37.6  PLL CharaCteriStiCS. .......c.ciiiuiiiiiiii i e 2905
37.7  Regulator CharaCteriSHICS .........uuueiiiiiiiiiiiie ettt e e e e e e e e bbb eareeaae e e e s 2905
AR B B O 01 o - T Tor (] (11 1= PRSP TP 2906
37.8.1 Relationship between Power Name and Pin .........cccoooiiiiiiiiiiiiiieeiecee e 2906
37.8.2  BUffer CharaCteriStiCS ......ooieiiiiiiee e e e e e e e e e e e e as 2907
37.8.3  Allowable OULPUL CUITENE ... .vviiiiiiiiiieee ettt ettt e et e e e st e e e e s sebbeeeesanes 2908
A= T S | 1= 1 o] o O [ =1 o | 2908
37.8.5  INPUL CAPACITANCE. ... ..eiiiieiiiiieee ettt ettt e e e e et e e s e et e e e e e e 2908
37.8.6  Power Current CharaCteriStiICS. .......ooiuuuiiiieiiiiie ettt r e e e e e e e e e e 2909

Y R B O O o F- 1 - Tod (= 1 [ PP U TP PUPPPPUPPPP 2910
37.9.1  Power UP/DOWN TIMING ...ccoiiiiiiiieiiieiee e 2910
37.9.2  DIiVING ADIIILY ... e e e e 2912
G4 G T O (o Tod T @ 101 o U1 A I 0 71 o PSSR 2912
37.9.4  CoNtrol SigN@l TIMING ...eeeeeiiriieeee it e et e s et e e e e sab e e e e e s anrreeeeeanes 2913
e TR St R =L - PRSPPI 2913

37.9.4.2  INErTUPLS/ADTRG. ...ciiiiiii ittt e e e e e e e e e e e e e e anees 2914

A T | o T [ PP PPEPRRR 2915

A IR T I T 1= o T 211 2915
A TN T 08T B 81 11 o PP PRR PRSP 2916
37.9.6.1  CSIG TIMING...ciitriiieeiiiieie it e s e s e e e s s e e e e s st e e e s s eabaaeeessasasaeeessanareees 2916

A I I OS] | B o 111 o PR 2917

37.9.6.3  CSIG/CSIH Timing CRArtS.........eetiiiiiiiiieiiiiieie ettt 2918

AR T A S 01 1< R T 4o o Vo USRS 2927

37.9.8  RS-CANFD TIMING .. iuitiiiiieiiiiiee ettt e et e e e s st et e e e s sabb e e e e s anbeeeeeeanes 2929



37.9.9  RLINS TIMING. ittt ettt ettt e st e e e s et b e e e e e e sabb et e e e e abbeeeeesabbneeennes 2929

A Tt O T 1= = |V T2 211 o R 2929
37.9.11  PSIS TIMING ce ettt ettt e e e e et e e e e bt e e e e abbe e e e e e bbb e e e e e anbee e e e 2930
37.9.12 RSENT TiMINQ..eitiiiiiiiiieiiiiiiitee sttt eessitiee e e s ssareeaesssbbeeeesssbaeeeesasbeeeessastaeeesaanstneeeesnsens 2930

I A KO I = O O @ F=T = ol (= 1S3 1ol PP 2931
37.11 Core Voltage Monitor CharaCteriStiCS ........uuuuuriiiiiieeieiiiiiiiiieir e e e e e e e e e s rrr e e ae e e e e e s e e e 2931
37.12 TEMPEIATUINE SENSON .. .ccii i ettt ettt e e e e e e e et ettt e e e e et e s s r ettt e e teeeeaeaaa s rrnrn e e e e eaeessaenanns 2931
37.13 BIST EXECULION TIME ..ttt ettt ettt e e e e e e e e e e e e bbbt e et e eeeaaae e s e e e nbanbeeeeeneaasaaaanns 2932
37.14 A/D CONVEItOr ChAraCEIISTICS ... .ueeiiiiiee ettt et e ettt e e e e e e e e e e e e e st e aeeeaaaaaaeaaan 2932
37.15 Code FIasSh CRaraCteriSHCS. ... .. ueeiiiieeaiiii ittt e e e e e e e e e bbb e eeeeeeeeeaaanas 2934
37.16 Data Flash CharaCteriStCS. .......uuuiiiiiiiiiiiie st e s eeesenaeeeas 2935
A A T o T To N ] (=1 5 = Lo = O SSRRRRPR 2936
37.17.1 JTAGINEXUS TIMNG .eeteiiieiiiiiieeeiatteee ettt e e ettt e e e s abb et e e e s sabae e e e e s sabbeeeesaabbaeeeesanes 2936
37.17.2 LDU 4-WIr€ TIMNG ...evveeeeeiiiiiieeeeeieieeeesiteeeeeestteeeeeesstteeaeeasnteeeeeasasbaeeeeesnntaeeessasreeeeesnnes 2937
37.18 Thermal CharaCteriStCS .. ....uuiiiiiiiiiie ittt et e s e e e et e e s et e e e s nereas 2938
AppPeNdixX A. LiSt Of REQISTEIS .....eviuiiiiiiiiiie s e ettt e e e e e e e e e e e e e e s 2939

Appendix B. Package DIMENSIONS ........uuiiiiiiiiiiaeaeee ettt e e e e e e e e s 3116



RH850/P1M-E Section 1 Overview

Section 1 Overview

RH850/P1M-E is a product series of Renesas Electronics’ single-chip microcomputer RH850 family.
This section describes the overview of RH850/P1M-E.

This product has Security installed. For the specification of Security function, please contact with
agent/distributor.

1.1 Outline

This product is a 32-bit single-chip microcomputer with multiple CPUs, Code Flash, Data Flash, RAM
modules, DMA controllers, many communication interfaces that are used in the automotive
applications, A/D converters, timer units, etc.

The main features are as below.

(1) RH850 CPU

This product contains two RH850G3Ms: one operates as the master CPU for normal operation and
another as a checker CPU that monitors the operation of the master CPU. The two CPUs operate in
lock step mode.

The architecture of this dual-core CPU unit realizes the compact footprint of the programs by 2-byte
basic instructions and high-level language compiler oriented instruction sets. This dual-core CPU unit
has very quick interrupt response time so that it can support hard real-time applications.

(2) On-chip Code Flash and Data Flash

This chip has high-speed Code Flash from which the CPU can fetch the instructions and the constant
data. Its capacity is up to 2MB. This Code Flash can be reprogrammed in the situation that the chip is
mounted in the application systems.

This chip also has Data Flash with EEPROM emulation capability. Its capacity is up to 64KB.

(3) Rich peripheral functionality

The RH850/P1M-E incorporates standard communication controllers such as CAN, LIN, FlexRay, and
serial communications in addition to timers and A/D converters best suited for the automobile chassis
applications. In addition, the RH850/P1M-E incorporates SENT and PSI5 communication controllers
that can be used for sensor interface.

(4) Functional safety support

This chip equips several dedicated functionalities including the Lock-Step Dual Core configuration for
the CPU, the memory protection with ECC, the bus protection with ECC, the peripheral module
protection, and voltage/clock monitors to support the functional safety standard (ASIL) required in the
automotive applications.
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1.2  Application Fields
e Automotive field (including chassis control system)
1.3  Specification Overview
Table 1.1 Features in Each Product (1/2)
RH850/P1M-E
Product 100-pin 144-pin
Package LFQFP100 LFQFP144 | LFQFP144
(14x14) (16x16) (20x20)
Product name eVR 1MB R7F701382 R7F701384 | R7F701386
2MB R7F701376 R7F701378 | R7F701380
DPS 1MB R7F701381 R7F701383 | R7F701385
2MB R7F701375 R7F701377 | R7F701379
CPU Frequency 160 MHz
Subsystem Main OSC = 16 MHz only
Main Core 1
Lockstep Yes
FPU Double prec. Yes
MPU 16 ch
Cache (Inst.) 16 KB 4 way
RAM Local RAM 128 KB
Global RAM 64 KB
Trace RAM 32 KB
ERAM 32 KB"/8 KB™
(Emulation RAM)
INTC INTC1 32 ch Redundant
INTC2 352 ch No Redundancy
DMA DMAC 16 ch Redundant
DTS 128 ch Redundant
Flash Memory | Code Flash 2 MB/1 MB
DATA Flash 64 KB"/32 KB
Safety ECM Yes
CVM Yes
BIST with status flag Yes
ERROROUT Yes
Clock monitor Yes
A/D Converter | ADC 12 bit module 2
Temperature sensor Yes
Analog input | ADCGO 9ch 12 ch
ADCG1 10 ch 12 ch
T&H ADCGO 6
ADCG1 4
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Table 1.1 Features in Each Product (2/2)

RH850/P1M-E

Product 100-pin 144-pin
Timer TAUD modules 3

(16 bit x 16 ch)

TAUJ modules 3

(32 bit x 4 ch)

TSG3 modules 2

TAPA modules 4

(Hi-Z control)

ENCA modules 2

OSTM modules 5

OSTM (Output) modules 2

WDT modules 1

TPBA modules 2

(Timer Pattern Buffer)

PIC (Peripheral interconnect) Yes

Clock out modules 2
Communication | RS-CANFD channels 3
Interface FlexRay channels 2

PSI5 channels 2

RSENT channels 5 6

SCI3 channels 3

(Sync/Async USART)

RLIN3 (LIN master/UART) | channels 2

CSIG (SPI) channels 1

CSIH (SPI) channels 4
DataCRC 4
Security (ICUS) Yes
Debug Nexus-JTAG Yes

LDU Yes

AUD-RAM monitor No

Branch Trace (for Debug) (Output) No

Data Trace (for Debug) (Output) No

Internal Branch Trace (to Trace RAM) Yes

Internal Data Trace (to Trace RAM) Yes

Measurement (Memory Read) Yes
Power Supply Core 1.25 (DPS), eVR

1/10 3.3/5.0

ADC 3.3/5.0

Note 1.  Only available in devices with 2-MB flash memory.

Note 2.  Only available in devices with 1-MB flash memory.
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1.4 Block Configuration

Code Flash ERAM Global RAM
1MB/2MB 32KB*/8KB*? 64 KB

Checker

Local RAM Cache INTC1 IPG

128KB Data Flash
MPU PEG 64KB*1/32KB*2

FPU SEG B
DTS

CPU(PE1)

System Interconnect

P-Bus

PSI5 X 2 TAUD X 3 RS-CANFD X 3
RLIN3 X 2 TAUJ X3 CSIHx 4 —
RSENT x 5/6 TSG3x2 CSIGx1 Cramiiel
Module
SCI3x 3 TPBAX 2 DCRA X 4

FlexRay

OSTM X5
(TPT)
Peripheral IP Peripheral IP
Group 1 Group 2
80 MHz 80 MHz

Note 1.  Only available in devices with 2-MB flash memory.
Note 2.  Only available in devices with 1-MB flash memory.

Code Flash Interface : GRAM Interface

INTC2 .
- Peripheral IP

Group 0

Flash 80 MHz
controller

1/07R— ~ CLMA

M
=T
Clock
controller
EXTCLK

Peripheral IP
Group 5
40 MHz

Figure 1.1 Internal Block Diagram
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Section 2

Pin Functions

2.1  Pin Connection Diagrams

100 |—= ERROROUT
90 |— EOVCC
89— EOVSS

vss—| 12
ADCG119 —={ 13
ADCG1I8 —= 14
ADCG117 —={ 15
ADCG116 —= 16
ADCG1I5 —= 17
ADCG1l4 —=| 18
ADCG1I3 —=| 19
ADCG1I2 —={ 20
ADCG1I1 —=| 21
ADCG1I0 —=| 22

AlvCC —| 23
ALVREFH —| 24
AlVSS — 25

Note 1.

Note 2.

2 —=1 31
3 —] 32
4 —>1 33
5 —=1 34
6 —=1 35
7 —=] 36
8 — 37
P5_0 - 38

0—1 29

p5_1 =] 39

P5_4 =] 40
ps5 5 =] 41

AOVSS == 27
AOVCC - 28

ADCGO!
ADCGO
ADCGO
ADCGO
ADCGO
ADCGOI
ADCGOI

AOVREFH =1 26
ADCGOI

eVR: VCL
DPS: VDD
eVR: VCC
DPS: VDD

Figure 2.1

Pin Connection Diagram (100 pins)
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Il mNo 89 ) <ONHO
T T OTOF SO ION AT (g T T 20 O ¥ N
ENonnnnnnsSnnmnnmna | ¥oaacoaccoala'orolala
w>i'aoocoocoooWuaoooooooil>000000000000000
P EREE R R EERE N RN EEEEREE EEREER)
ST TOOMOMOMOOMmmomoANNNNNNNNNNATAAAAAAAAAO
SaS3S38383838333043004485d4d3a4d4daa44a494A9
P3 14 -] 1 108 —— EOVSS
P4 0 -2 107 —— EOVCC
P4_1 =-—| 3 O 106 f+~— P1_4
P42 —| 4 105 f«— P1_3
P4_3 «—=| 5 104 fe— P1_2
P44 | 6 103 f+—» P1 1
P45 -] 7 102 f—= P10
P46 «~—]|8 101 — vce
P4_7 -9 100 |— X1
EOVSS —— 10 99 —— X2
EOVCC ——] 11 98 |—— *1
P4_8 =—v| 12 97 |— vss
P4 9 «—| 13 96 |+—— RESET
P4_10 <—»| 14 95 [~— JP0_4
P4 11 <] 15 94 |+ JP0_0
P4 12 «—| 16 93 f+—= JPO_1
1 — 17 92 f~— JP0 2
vss — 18 91 f=— JPO_3
vcc — 19 90 f+—= JPO_5
P4_13 =—| 20 89 +— P0_14
P4_14 «—=| 21 88 f+—= P0O_13
ADCG1I11 —=| 22 87 +— PO_12
ADCG1I10 —=| 23 86 f=— PO_11
ADCG119 —| 24 85 f+—= P0O_10
ADCG1I8 —=| 25 84 —— E1VCC
ADCG117 —| 26 83 —— E1VSs
ADCG116 —=| 27 82 |— CVMOUT
ADCG1I5 —| 28 81 [*—— FLMDO
ADCG1l4 —=| 29 80 +— PO_9
ADCG1I3 —| 30 79 f+— PO_8
ADCG1l2 —| 31 78 f+— P07
ADCG1I1 —| 32 77 f+—= PO_6
ADCG1I0 —| 33 76 f~—> PO_5
AlvVvCC —| 34 75 f«— PO_4
ALVREFH ——| 35 74 f+—= P0_3
Alvss —] 36 73 |+ P02
NP OI NN TNON VDO ANNINON RN AN FINONDDO AN
OOOTITITTITITITITITITOOOOOOOINONINO OO OWOWWOWOWOWOONNSN
TNOOHANMNIWWONDDIOAO ANMIOONQONODOANMILO
LO0S828280508 25 hlnhinw'n'w'n'O D w717 Tiolo!T
£528330808008830paataaaaa> "o opaay
R alafalafafafafafayaySis]
< IIIIIIIIIIQR

Note 1. eVR: VCL
DPS: VDD
Note 2. eVR: VCC
DPS: VDD

Figure 2.2

Pin Connection Diagram (144 pins)
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Table 2.1 shows the pin assignment.

CAUTION

There are restrictions on the combinations of the CSIG, CSIH, SCI3, RLIN3, RSCAN,
FlexRay, and RSENT pins that can be used. For details, see the Combinations of Pins
and Ports table in each section.

Table 2.1 Pin Assignment (1/5)

Pin Number

Pkg 100 | Pkg 100 | Pkg144 | Pkg144 | Power
Pin Name (eVR) (DPS) (eVR) (DPS) Area
P3_14/ CSIH1SI / TAPAOESO / INTP7 / TPBA1O / EXTCLKOO / NMI / 1 1 1 1 EOVCC
TSG3107/FLMD1
P4_0/CSIH1SO / TAUJOIO / TAUJOOO / RLIN3ORX / INTP3 / TSG30PTSIO / 2 2 2 2 EOVCC
ENCAOEO / FLXAOTXDA / ADCG1CNVO
P4_1/CSIH1SCI/CSIH1SCO/TAUJOI1/ TAUJOO1 / RLIN30OTX / TSG30PTSI1 | 3 3 3 3 EOVCC
/ ENCAOE1 / FLXAOTXENA / ADCG1CNV1
P4_2 / RSCANORX1/INTP6 / CSIH1IRYO / TAUJOI2 / TAUJOO2 / SCI30SCI / 4 4 4 4 EOVCC
SCI30SCO / TSG30PTSI2 / ENCAOEC / FLXAORXDA / INTP11 / ADCG1CNV2
P4_3/CSIH2RYI/ RSCANOTX1 / TAUJOI3 / TAUJOO3 / OSTM10 / TSG30CLKI | 5 5 5 5 EOVCC
/ CSIH1CSSO0 / FLXAORXDB / INTP12 / ADCG1CNV3/ TAUD2I0 / TAUD200
P4_4 ] CSIH2SI/ TAPALIESO / INTP8 / CSIH2CSS7 / TSG31PTSIO / ENCALEO | 6 6 6 6 EOVCC
/ CSIH1CSS1 / FLXAOSTPWT / ADCG1CNV4 / TAUD2I1 / TAUD201
P4_5/CSIH2SO / SCI30RX / INTPO / RSCANORXO / INTP5 / EXTCLK1O / 7 7 7 7 EOVCC
TSG31PTSI1/ENCA1E1 / CSIH1CSS2 / FLXAOTXDB / TAUD2I2 / TAUD202
P4_6/ CSIH2SCI / CSIH2SCO / SCI30TX / RSCANOTX0 / TSG31PTSI2 / 8 8 8 8 EOVCC
ENCALEC / CSIH1CSS3/ FLXAOTXENB / TAUD2I3 / TAUD203
P4_7 / RSCANORX1/INTP6 / CSIH2RYO / TAUD10O0 / ENCAOTINO / — — 9 9 EOVCC
CSIH2CSS0 / TSG31CLKI / CSIH1CSS4 / TAUD2I4 /| TAUD204
EOVSS 9 9 10 10 —
EOVCC 10 10 11 11 —
P4_8/FLXAORXDA /INTP11/TAUD101 / ENCAOTIN1 / CSIH2CSS1/ — — 12 12 EOVCC
CSIH1SSI/ CSIH1CSS5 / TAUD2I5 / TAUD205
P4_9 / FLXAOTXDA / TAUD102 / ENCALTINO / CSIH2CSS2 / CSIH1RY!/ — — 13 13 EOVCC
CSIH1CSS6 / TAUD2I6 / TAUD206
P4_10/ FLXAOTXENA / TAUD103 / ENCALTIN1 / CSIH2CSS3 / CSIHIRYO / | — — 14 14 EOVCC
CSIH1CSS7 / TAUD217 | TAUD20O7
P4_11/ FLXAORXDB / INTP12 / TAUD104 / CSIH2CSS4 / TAUJ1I0 / TAUJ100 | — — 15 15 EOVCC
/ TAUD2I8 / TAUD208
P4_12 / FLXAOTXDB / TAUD10O5 / CSIH2CSS5 / TAUJ111 / TAUJ101 / — — 16 16 EOVCC
TAUD2I9 / TAUD209
VCL 11 — 17 — —
VDD — 11 — 17 —
VSS 12 12 18 18 —
VCC — — 19 19 —
P4_13/ FLXAOTXENB / TAUD106 / CSIH2SSI / TAUJ1I2 / TAUJ102 / — — 20 20 EOVCC
TAUD2I10 / TAUD2010
P4_14 / FLXAOSTPWT / TAUD1O7 / CSIH2CSS6 / TAUJ113 / TAUJ103/ — — 21 21 EOVCC
TAUD2I11 / TAUD2011
ADCG1I11 — — 22 22 AlvCC
ADCG1I10 — — 23 23 AlvCC
ADCG1I9 13 13 24 24 AlvCC
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RH850/P1M-E Section 2 Pin Functions

Table 2.1 Pin Assignment (2/5)

Pin Number

Pkg 100 | Pkg100 | Pkg144 | Pkg144 | Power
Pin Name (eVR) (DPS) (eVR) (DPS) Area
ADCGL1I8 14 14 25 25 AlvVCC
ADCG1I7 15 15 26 26 AlVCC
ADCGL1I6 16 16 27 27 AlvCC
ADCGL1I5 17 17 28 28 AlVCC
ADCG1l4 18 18 29 29 AlvVCC
ADCGL1I3 19 19 30 30 AlvVCC
ADCG112 20 20 31 31 AlvVCC
ADCG1I1 21 21 32 32 AlvVCC
ADCGL1I0 22 22 33 33 AlvCC
AlvVCC 23 23 34 34 —
A1VREFH 24 24 35 35 —
Al1VSS 25 25 36 36 —
AOVREFH 26 26 37 37 —
AOVSS 27 27 38 38 —
AOVCC 28 28 39 39 —
ADCGOIO 29 29 40 40 AOvVCC
ADCGOI1 30 30 41 41 AOVCC
ADCGO0I2 31 31 42 42 AOVCC
ADCGO0I3 32 32 43 43 AOVCC
ADCGOI4 33 33 44 44 AOVCC
ADCGOI5 34 34 45 45 AOVCC
ADCGO0I6 35 35 46 46 AOVCC
ADCGOI7 36 36 47 47 AOvVCC
ADCGOI8 37 37 48 48 AOVCC
ADCGOI9 — — 49 49 AOVCC
ADCGOI10 — — 50 50 AOVCC
ADCGOI11 — — 51 51 AOVCC
P5_0/CSIG0SI / TAUDOOO / TAUDOI1 / TAUDOO1 / CSIH2CSS1 / SCI30RX / | 38 38 52 52 E1VCC
INTPO
P5_1/CSIG0SO / TAUDOO2 / TAUDOI3 / ADCGOCNVO / TAUDOO3 / TAUDOI2 / | 39 39 53 53 E1vCC
CSIH2CSS2 / TAUDOI11 / SCI30TX
P5_2/CSIGOSCI / CSIGOSCO / TAUDOO2 / TAUDOI14 / TAUDOO3 / TAUDOI15 | — — 54 54 E1vCC
/ CSIH2CSSO0 / SCI30SCI / SCI30SCO
P5_3/TAUDOI7 / TAUDOI6 — — 55 55 E1vVCC
P5_4/ CSIGOSCI / CSIGOSCO / TAUDOO4 / TAUDOI5 / ADCGOCNV1 / 40 40 56 56 E1VCC
TAUDOOS5 / TAUDOI4 / CSIH2CSS3 / SCI30SCI / SCI30SCO
P5_5/SENTORX / SENTOSPCO / TAUDOOG6 / TAUDOI7 / ADCGOCNV2 / 41 41 57 57 E1vVCC
TAUDOOY7 / TAUDOI6 / CSIH2CSS4 / SCI31RX / INTP1 / RSCANOTX2
P5_6/INTP10 / RSCANORX2 / SENTOSPCO / TAUDOOS8 / TAUDOI9 / 42 42 58 58 E1VCC
ADCGOCNV3/ TAUDOO9 / TAUDOI8 / CSIH2CSS5 / SCI31TX
P5_7 / RSCANOTX2 / TAUDOO10 / TAUDOI11 / ADCGOCNV4 / TAUDOO11 / — — 59 59 E1vVCC
TAUDOI10 / CSIH2CSS6 / SCI31SClI / SCI31SCO
VCC 43 43 60 60 —
VSS 44 44 61 61 —
P5_8/SENT1RX/SENT1SPCO / TAUD0OO12 / TAUDOI13 / TAUDOO13 / — — 62 62 E1VCC
TAUDOI12 / CSIH2CSS7 / SCI32RX / INTP2
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Table 2.1 Pin Assignment (3/5)

Pin Number

Pkg 100 | Pkg100 | Pkg144 | Pkg144 | Power
Pin Name (eVR) (DPS) (eVR) (DPS) Area
P5 9/ TAUDOI14 / SENT1SPCO / TAUDOO14 / TAUDOI15 / TAUDOO15 / 45 45 63 63 E1vCC
PSI51DIN / CSIH2SI / SCI32TX
P5 10/ RLIN30RX /INTP3 / TAUDOO12 / SENT1RX / SENT1SPCO / 46 46 64 64 E1VCC
ADCGTRGO / ADCGOCNVO / TAUDOI12 / PSI51DOUT / SCI32SClI / SCI32SCO
P5 11 /RLIN30TX / SENT3RX/ SENT3SPCO / TAUD1010 / CSIH2SSI — — 65 65 E1vCC
P5_ 12/ RLIN31RX /INTP4 / SENT2RX / SENT2SPCO / TAUD1011 /CSIH2RYI | — — 66 66 E1VCC
P5 13/ RLIN31TX / SENT2SPCO / TAUD1012 / TAUDOI13 / TAUDOI12 / — — 67 67 E1vCC
CSIH2RYO
P5_ 14/ TAUJOIO / TAUJOOO / SENT3RX / SENT3SPCO / TAUD1013/ 47 47 68 68 E1vVCC
ADCGTRG1 / ADCGOCNV1 / PSI50DIN / CSIH2SO / RLIN30ORX / INTP3
P5 15/ RLIN31RX/INTP4 / SENT3SPCO / CSIH2SCI / CSIH2SCO / — — 69 69 E1vVCC
RLIN30TX
PO_0/TAUJOI1 / TAUJOO1 / TAUDOI13 / SENT3SPCO / TAUD1014 / 48 48 70 70 E1vVCC
ADCGOCNV2 / TSG31CLKI / PSI50DOUT / RLIN30TX
PO_1/TAUJOI2 / TAUJOO2 / SENT4RX / SENT4SPCO / TAUD1015/ 49 49 71 71 E1VCC
ADCGOCNV3/ TAUDOO10 / RLIN31RX / INTP4
P3_11/TAUJOI3 / TAUJOO3 / SENT4SPCO / ADCGOCNV4 / ERROROUT_C/ |50 50 72 72 E1VCC
RLIN31TX
PO_2/SCI30RX / INTPO / TAPALESO / INTP8 / TAUD2I0 / ADCGOCNVO / 51 51 73 73 E1VCC
TAUD200 / SCI32RX / INTP2 / TSG3100 / SENT5RX / SENT5SPCO
PO_3/SCI30TX/ TAUD108/ TAUD2I1 / ADCGOCNV1/TAUD201/TSG3101/ | — — 74 74 E1VCC
SENT5SPCO
PO_4/ SCI30SCI / SCI30SCO / TAUD109 / TAUD2I2 / ADCGOCNV2 / — — 75 75 E1VCC
TAUD202 / TSG3102 / SENT4SPCO
PO_5/TAUJ1I0 / TAUJ100/ TAUD10O10 / TAUD2I3 / ADCGOCNV3 / TAUD203 | — — 76 76 E1VCC
/ TSG3103 / SENT3SPCO
PO_6/TAUJ1I1/ TAUJ101 / TAUD10O11 / TAUD2I4 /| TAUD204 / TSG3104 / — — 77 77 E1VCC
SENT2SPCO
PO_7/TAUJ1I2 / TAUJ102 / TAUD10O12 / TAUD2I5 / ADCGTRGO / TAUD20O5/ | — — 78 78 E1vCC
TSG3105/ SENT1SPCO
PO_8/TAUJ1I3/ TAUJ103/ TAUD10O13 / TAUD2I6 / ADCGTRG1 / TAUD206/ | — — 79 79 E1VvCC
TSG3106 / SENTOSPCO
PO_9/ADCG1CNV1/TAUD1014 / TAUD2I7 /| ADCGOCNV4 /| TAUD207 / — — 80 80 E1vVCC
TSG3107
FLMDO 52 52 81 81 E1VCC
CVMOUT 53 53 82 82 E1vVCC
E1VSS 54 54 83 83 —
E1VCC 55 55 84 84 —
PO_10/RESETOUT / ADCG1CNVO0 / EVTO 56 56 85 85 E1VCC
PO_11/ADCG1CNV2/TSG31PTSIO / ENCAL1EO — — 86 86 E1vCC
PO_12/ ADCG1CNV3/TSG31PTSI1/ENCALEl — — 87 87 E1VCC
PO_13/0OSTMO0O / TAUD10O15 / TAUD2I7 / INTP9 / TAUD20O7/ EVTI / 57 57 88 88 E1VvVCC
TSG31PTSI2 / ENCAL1EC / SCI31SClI / SCI31SCO
PO_14/ ADCG1CNV4 — — 89 89 E1VCC
JP0_5/DCUTRDY / LPDCLKOUT 58 58 920 90 E1VCC
JPO_3/DCUTMS 59 59 91 91 E1vVCC
JP0_2 / FLSCI3SCKI (FPCK) / DCUTCK / LPDCLK 60 60 92 92 E1VCC
JP0_1/FLSCI3TXD (FPDT) / DCUTDO / LPDO 61 61 93 93 E1VCC
JP0O_0/ FLSCI3RXD (FPDR) / FLSCI3TXD (FPDT) / DCUTDI / LPDI 62 62 94 94 E1VCC
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RH850/P1M-E Section 2 Pin Functions

Table 2.1 Pin Assignment (4/5)

Pin Number

Pkg 100 | Pkg100 | Pkg144 | Pkg144 | Power
Pin Name (eVR) (DPS) (eVR) (DPS) Area
JPO_4/DCUTRST 63 63 95 95 VCC
RESET 64 64 96 96 VCC
VSS 65 65 97 97 —
VDD — 66 — 98 —
VCL 66 — 98 — —
X2 67 67 99 99 VCC
X1 68 68 100 100 VCC
VCC 69 69 101 101 —
P1 0/RLIN30TX/CSIH3RYO — — 102 102 EOVCC
P1_1/TAUJ2I0 / TAUJ200 / TAUJ1I0 / TAUJ100 / TAUD2I12 / TAUD2012 / 70 70 103 103 EOVCC
RLIN30RX / INTP3 / CSIH2CSSO0 / TAUDOI6 / CSIH3RYI
P1_2/TAUJ2I1/ TAUJ201 / TAUJ1I1 / TAUJ101 / TAUD2I13 / TAUD2013 / 71 71 104 104 EOVCC
CSIH2SI / TAUDOI8 / CSIH3SI
P1_3/TAUJ2I2 / TAUJ202 / TAUJ1I2 / TAUJ102 / TAUD2I14 /| TAUD2014 / 72 72 105 105 EOVCC
CSIH2SO / TAUDOI10 / CSIH3SO
P1_4/TAUJ2I3 / TAUJ203 / TAUJ1I3 / TAUJ103 / TAUD2I15 / TAUD2015 / 73 73 106 106 EOVCC
CSIH2SCI / CSIH2SCO / CSIH3SCI / CSIH3SCO
EOVCC 74 74 107 107 —
EOVSS 75 75 108 108 —
P2_0/RSCANORXO / INTP5/ CSIH2SI / TAUD2I11 / TAUD2011 / CSIH3CSS6 | 76 76 109 109 EOVCC
P2_1/RSCANOTXO0 / CSIH2SO / TAUD2I12 / TAUD2012 / CSIH3CSS7 / 77 77 110 110 EOVCC
TSG3007
P2_2/RSCANORX1/INTP6 / CSIH2SCI / CSIH2SCO / TAUD2I13 / TAUD2013 | 78 78 111 111 EOVCC
/ TPBAOO / TSG3000 / CSIHOCSS5
P2_3/RSCANOTX1 / CSIH2RYI/ CSIH2CSS0 / TAUD2I14 /| TAUD2014 / 79 79 112 112 EOVCC
TPBA1O / TSG3001
P2_4/CSIH2RYO / CSIHOCSS2 / RLIN31TX / TAUJ1I3 / TAUJ103 / CSIHOSI/ | 80 80 113 113 EOVCC
TAUD2I11 / TAUD2011
P2_5/SCI30RX /INTPO / CSIHOCSS3 / RLIN31RX / INTP4 / CSIH3SO / 81 81 114 114 EOVCC
TSG3002 / CSIHOSO
P2_6/SCI30TX / OSTM10 / CSIHOSCI / CSIHOSCO / CSIH3SI / CSIHOCSS4 / | 82 82 115 115 EOVCC
TSG3003 / TAUD110 / TAUD100
P2_7 / SCI30SCI / SCI30SCO / CSIHOCSS5 / CSIH1SI / CSIH3SCI / 83 83 116 116 EOVCC
CSIH3SCO / TSG3004 / TAUD1I1/ TAUD10O1
P2_8/SCI31RX/INTP1/ CSIH3RYO / CSIHOCSS6 / CSIH1SO / CSIH3RYI / 84 84 117 117 EOVCC
CSIH3CSS0/ TSG3005 / TAUD112 / TAUD102
P2_9/SCI31TX / CSIHOCSS7 / CSIH1SCI / CSIH1SCO / CSIH3CSS1/ 85 85 118 118 EOVCC
TSG3006 / TAUD1I3 / TAUD103
P2_10/ SENT5RX/ SENT5SPCO / TAUD2I110 / TAUD2010 / CSIHORY!1 / — — 119 119 EOVCC
CSIHOCSS6 / OSTM10
P2_11/TAUD1I0 / SENT5SPCO / TAUD10O0 / TAUD1I1 / TAUD1O1/ — — 120 120 EOVCC
CSIHOCSS5 / CSIH1RYI1/ CSIHORYO
P2_12/TAUD1I2 / TAUD102 / TAUD1I3 / TAUD10O3 / CSIHOCSS4 / CSIHOSO | — — 121 121 EOVCC
P2_13/TAUD1I4 / TAUD104 / TAUD1I5 / TAUD10O5 / CSIHOCSS3 / CSIH1RYO | — — 122 122 EOVCC
P2_14/TAUD1I6 / TAUD10O6 / TAUD1I7 / TAUD10O7 / CSIHOCSS2 — — 123 123 EOVCC
VSS — — 124 124 —
VCL — — 125 — —
VDD — — — 125 —
P2_15/TAUD1I8 / TAUD108 / TAUD1I9 / TAUD109 / CSIHORYI — — 126 126 EOVCC
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RH850/P1M-E Section 2 Pin Functions

Table 2.1 Pin Assignment (5/5)

Pin Number

Pkg 100 | Pkg100 | Pkg144 | Pkg144 | Power
Pin Name (eVR) (DPS) (eVR) (DPS) Area
P3_0/TAUD1I10 / TAUD1010 / TAUD1I11 / TAUD1011 / CSIHOSO / CSIGOSI | — — 127 127 EOVCC
P3_1/TAUD1I12 / TAUD1012 / TAUD1I13 / TAUD1013 / CSIHOSCI / — — 128 128 EOVCC
CSIHOSCO / CSIG0SO
P3_2/TAUD1I14 /| TAUD1014 / TAUD1I15 / TAUD10O15 / CSIHOSI / — — 129 129 EOVCC
CSIHOCSS7 / CSIGOSCI / CSIGOSCO
P3_3/CSIHORYI/SCI32TX/ TAUD1I0 / CSIH2CSS1/ CSIH3SSI / CSIH3CSS4 | 86 86 130 130 EOVCC
/ TAUD100 / TAUD101
P3_4/SCI32RX / INTP2 / TAUD1I2 / CSIH2CSS2 / RLIN3ORX / INTP3 / 87 87 131 131 EOVCC
CSIGORYO*! / CSIH3CSS3 / TAUD102 / TAUD103
P3_5/SCI31SCl/ SCI31SCO / TAUDOIO / CSIH2CSS3 / CSIGORYI *Y/ 88 88 132 132 EOVCC
RLIN30TX / CSIH3CSS2 / TAUDOOO / TAUD0O1
EOVSS 89 89 133 133 —
EOVCC 90 90 134 134 —
P3_6/CSIHOSI/ TSG3100 / TAUDOO2 / CSIH3RYI1/ CSIH2CSS4 / TAUDOO3 | 91 91 135 135 EOVCC
P3_7/ CSIHOSO / TSG3101 / RSCANORXO / INTP5 / SCI30RX / INTPO / 92 92 136 136 EOVCC
CSIH2RYI / CSIH2CSS5 / TAUDOOS
P3_8/CSIHOSCI / CSIHOSCO / TSG3102 / RSCANOTXO0 / TPBA1O / 93 93 137 137 EOVCC
CSIHOSSI / CSIH2CSS6 / TAUDOO7
P3_9/SCI32SCl/ SCI32SCO / TSG3103 / CSIH3CSS5 / CSIHORY! / 94 94 138 138 EOVCC
CSIH2CSS7 / TAUD0O9
P3_10/TSG3104 / TAUD1I6 / TAUDOO11 95 95 139 139 EOVCC
P3_12/ CSIHIRYO / TSG3105 / RSCANORX1 / INTP6 / SCI30TX / TAUD1I8/ | 96 96 140 140 EOVCC
CSIHOCSSO0 / TAUD0O13
P3_13/ CSIH1RYI/ TSG3106 / RSCANOTX1 / SCI30SCI / SCI30SCO / 97 97 141 141 EOVCC
TAUD1I10 / CSIHOCSS1 / TAUDOO15
VDD — 98 — 142 —
VCC 98 — 142 — —
VSS 99 99 143 143 —
ERROROUT 100 100 144 144 EOVCC

Note 1.  Only in 144-pin products.
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Section 2 Pin Functions

2.2  Pin Expansion

2.2.1 Overview

This subsection describes pin functions, external pin lists, and external pin states at a reset and in each

operating status.

2.2.2 List of Pin Functions

Table 2.2 lists functions of each pin. “Port number” in the table indicates that the function is
supported, while “—" indicates that the function is not supported. Do not use the pin function that is
not supported.

Table 2.2 Pin Function (1/16)
Alternative Port
100-pin 144-pin
Category Pin name 10 Function eVR DPS eVR DPS

NMI NMI | External non-maskable interrupt input P3_14 P3_14 P3_14 P3_14
INTP INTPO | External interrupt input 0 P3_7/ P3_7/ P3_7/ P3_7/
P2_5/ P2_5/ P2_5/ P2_5/
PO_2/ PO_2/ PO_2/ PO_2/
P5_0/ P5_0/ P5_0/ P5_0/
P4 5 P4_5 P45 P45
INTP1 | External interrupt input 1 P2_8/ P2_8/ P2_8/ P2_8/
P55 P5_5 P5_5 P5_5
INTP2 | External interrupt input 2 PO_2/ PO_2/ PO_2/ PO_2/
P3_4 P3_4 P3_4/ P3_4/
P5_8 P5_8
INTP3 | External interrupt input 3 P3_4/ P3_4/ P3_4/ P3_4/
P1_1/ P1_1/ P1_1/ P1_1/

P5_14/ P5_14/ P5_14/ P5_14/

P5_10/ P5_10/ P5_10/ P5_10/
P4_0 P4_0 P4_0 P4_0
INTP4 | External interrupt input 4 P2_5/ P2_5/ P2_5/ P2_5/
PO_1 PO_1 PO_1/ PO_1/

P5_15/ P5_15/

P5_12 P5_12

INTP5 | External interrupt input 5 P3_7/ P3_ 7/ P3_7/ P3_7/
P2_0/ P2_0/ P2_0/ P2_0/
P4_5 P4_5 P4 5 P4_5

INTP6 | External interrupt input 6 P3_ 12/ P3_12/ P3_ 12/ P3_12/
P2_2/ P2_2/ P2_2/ P2_2/

P4_2 P4_2 P4_7/ P4_7/
P4_2 P4_2

INTP7 | External interrupt input 7 P3_14 P3_14 P3_14 P3_14
INTP8 | External interrupt input 8 PO_2/ PO_2/ PO_2/ PO_2/
P4_4 P4_4 P4_4 P4_4

INTP9 | External interrupt input 9 P0_13 PO_13 P0_13 PO_13
INTP10 I External interrupt input 10 P5_6 P5_6 P5_6 P5_6
INTP11 | External interrupt input 11 P4_2 P4_2 P4_8/ P4_8/
P4_2 P4_2

INTP12 | External interrupt input 12 P4_3 P4_3 P4_11/ P4_11/
P4_3 P4_3
TAUDO TAUDOIO | TAUDO channel input 0 P3_5 P3_5 P3_5 P3_5
TAUDOI1 | TAUDO channel input 1 P5_0 P5_0 P5_0 P5_0
TAUDOI2 | TAUDO channel input 2 P5_1 P5_1 P5_1 P5_1
TAUDOI3 | TAUDO channel input 3 P5_1 P5_1 P5_1 P5_1
TAUDOI4 | TAUDO channel input 4 P5_4 P5_4 P5_4 P5_4
TAUDOI5 | TAUDO channel input 5 P5_4 P5_4 P5_4 P5_4
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Section 2 Pin Functions

Table 2.2 Pin Function (2/16)
Alternative Port
100-pin 144-pin
Category Pin name 10 | Function eVR DPS eVR DPS
TAUDO TAUDOI6 | TAUDO channel input 6 P1_1/ P1_1/ P1_1/ P1_1/
P55 P5_5 P5_5/ P5_5/
P5_3 P5_3
TAUDOI7 | TAUDO channel input 7 P5 5 P5 5 P5_5/ P5_5/
P5_3 P5_3
TAUDOI8 | TAUDO channel input 8 P12/ P1 2/ P12/ P1_2/
P5 6 P5 6 P5 6 P5 6
TAUDOI9 | TAUDO channel input 9 P5_6 P5_6 P5_6 P5_6
TAUDOI10 | TAUDO channel input 10 P1 3 P1 3 P13/ P1 3/
P5 7 P5_7
TAUDOI11 | TAUDO channel input 11 P5_1 P5_1 P5_1/ P5_1/
P5 7 P5 7
TAUDOI12 | TAUDO channel input 12 P5_10 P5_10 P5_13/ P5_13/
P5_10/ P5_10/
P5 8 P5_8
TAUDOI13 I TAUDO channel input 13 PO_0 PO_0 P5_13/ P5_13/
P5_8/ P5_8/
PO_0 PO_0
TAUDOI14 I TAUDO channel input 14 P5 9 P59 P5_9/ P5_9/
P5 2 P5 2
TAUDOI15 I TAUDO channel input 15 P5 9 P5 9 P5_9/ P5_9/
P5 2 P5 2
TAUDOOO o TAUDO channel output 0 P3_5/ P3_5/ P3_5/ P3_5/
P5 0 P5 0 P5 0 P5 0
TAUDOO1 O | TAUDO channel output 1 P3 5/ P3_5/ P3 5/ P3_5/
P5_0 P5_0 P5 0 P5_0
TAUDOO2 (e} TAUDO channel output 2 P3_6/ P3_6/ P3_6/ P3_6/
P5 1 P5 1 P5_2/ P5 2/
P5 1 P5 1
TAUDOO3 (e} TAUDO channel output 3 P3_6/ P3_6/ P3_6/ P3_6/
P5 1 P5_1 P5_2/ P5_2/
P5 1 P5 1
TAUDOO4 TAUDO channel output 4 P5 4 P5_4 P5_4 P5_4
TAUDOO5 (e} TAUDO channel output 5 P3_7/ P3_7/ P3_7/ P3_7/
P5_4 P5_4 P5_4 P5_4
TAUDOOG6 TAUDO channel output 6 P5_5 P5_5 P55 P5_5
TAUDOO7 (e} TAUDO channel output 7 P3_8/ P3_8/ P3_8/ P3_8/
P5_5 P5_5 P55 P5_5
TAUDOOS8 TAUDO channel output 8 P5 6 P5 6 P5 6 P5 6
TAUDOO9 O | TAUDO channel output 9 P3 9/ P39/ P3 9/ P39/
P5 6 P5_6 P5_6 P5_6
TAUD0O10 (0] TAUDO channel output 10 PO_1 PO_1 PO_1/ PO_1/
P5 7 P5 7
TAUDOO11 (o) TAUDO channel output 11 P3_10 P3_10 P3_10/ P3_10/
P5 7 P5 7
TAUDOO12 O | TAUDO channel output 12 P5 10 P5_10 P5_8/ P5_8/
P5_10 P5_10
TAUD0O13 (0] TAUDO channel output 13 P3 12 P3_12 P3 12/ P3_12/
P5 8 P5 8
TAUD0O14 (0] TAUDO channel output 14 P5 9 P5 9 P5 9 P59
TAUDOO15 (e} TAUDO channel output 15 P3_13/ P3_13/ P3_13/ P3_13/
P5 9 P5 9 P5 9 P5 9
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Section 2 Pin Functions

Table 2.2 Pin Function (3/16)
Alternative Port
100-pin 144-pin
Category Pin name 10 | Function eVR DPS eVR DPS
TAUD1 TAUD1I0 | TAUD1 channel input 0 P3_3/ P3_3/ P3_3/ P3_3/
P2_6 P2_6 P2_11/ pP2_11/
P2_6 P2_6
TAUD1I1 | TAUD1 channel input 1 P27 P2 7 P2_11/ P2_11/
P2 7 P2 7
TAUD1I2 | TAUD1 channel input 2 P3_4/ P3_4/ P3_4/ P3_4/
P2_8 P2_8 pP2_12/ P2_12/
P2 8 P2 8
TAUD1I3 | TAUD1 channel input 3 P2 9 P2 9 P2_12/ P2_12/
P2 9 P2 9
TAUD1I4 | TAUD1 channel input 4 — — P2_13 P2_13
TAUD1I5 | TAUD1 channel input 5 — — P2_13 pP2_13
TAUDL1I6 I TAUD1 channel input 6 P3_10 P3_10 P3_10/ P3_10/
P2 14 P2 14
TAUD1I7 | TAUD1 channel input 7 — — P2_14 P2_14
TAUD1I8 I TAUD1 channel input 8 P3_12 P3_12 P3_12/ P3_12/
P2_15 P2_15
TAUDL1I9 | TAUD1 channel input 9 — — pP2_15 pP2_15
TAUD1I10 | TAUD1 channel input 10 P3_13 P3_13 P3_13/ P3_13/
P3_0 P30
TAUD1I11 | TAUD1 channel input 11 — — P3_0 P3_0
TAUD1I12 | TAUD1 channel input 12 — — P3_1 P3_1
TAUD1I13 | TAUD1 channel input 13 — — P3_1 P3_1
TAUD1I14 | TAUD1 channel input 14 — — P3_2 P3_2
TAUD1I15 | TAUD1 channel input 15 — — P3_2 P3_2
TAUD100 (0] TAUD1 channel output O P3_3/ P3_3/ P3_3/ P3_3/
P2_6 P2_6 pP2_11/ P2_11/
P2_6/ P2_6/
P4_7 P4_7
TAUD101 O TAUD1 channel output 1 P3_3/ P3_3/ P3_3/ P3_3/
P2 7 P2_7 P2_11/ P2_11/
P2_7/ P2_7/
P4_8 P4_8
TAUD102 (o] TAUD1 channel output 2 P3_4/ P3_4/ P3_4/ P3_4/
P2_8 P2_8 P2_12/ P2_12/
P2_8/ P2_8/
P4_9 P4_9
TAUD103 (0] TAUD1 channel output 3 P3_4/ P3_4/ P3_4/ P3_4/
P2 9 P2 9 P2_12/ P2_12/
P2_9/ P2_9/
P4_10 P4_10
TAUD104 O TAUD1 channel output 4 — — P2_13/ P2_13/
P4 11 P4 11
TAUD10O5 O TAUD1 channel output 5 — — pP2_13/ P2_13/
P4_12 P4_12
TAUD106 O TAUD1 channel output 6 — — P2_14/ P2_14/
P4 13 P4 13
TAUD10O7 (6] TAUD1 channel output 7 — — P2_14/ P2_14/
P4_14 P4_14
TAUD108 o} TAUD1 channel output 8 — — P2_15/ P2_15/
PO_3 PO_3
TAUD109 O TAUDL1 channel output 9 — — P2_15/ P2_15/
PO_4 PO_4
TAUD1010 O TAUD1 channel output 10 — — P30/ P3_0/
PO_5/ PO_5/
P5_11 P5_11
TAUD1011 (0] TAUD1 channel output 11 — — P3_0/ P3_0/
PO_6/ PO_6/
P5_12 P5_12
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Table 2.2 Pin Function (4/16)
Alternative Port
100-pin 144-pin
Category Pin name 10 | Function eVR DPS eVR DPS
TAUD1 TAUD1012 o TAUD1 channel output 12 — — P3_1/ P3_1/
PO_7/ PO_7/
P5 13 P5 13
TAUD1013 O | TAUD1 channel output 13 P5_14 P5_14 P3_1/ P3_1/
PO_8/ PO_8/
P5 14 P5_14
TAUD1014 (0] TAUD1 channel output 14 PO_0O PO_0 P3_2/ P3_2/
PO_9/ PO_9/
PO_0 PO_0
TAUD1015 O | TAUD1 channel output 15 PO_13/ PO_13/ P3_2/ P3_2/
PO_1 PO_1 PO_13/ PO_13/
PO_1 PO_1
TAUD2 TAUD2I0 I TAUD2 channel input 0 PO_2/ PO_2/ PO_2/ PO_2/
P4_3 P4_3 P4_3 P4_3
TAUD2I1 | TAUD2 channel input 1 P4_4 P4 4 PO_3/ PO_3/
P4 _4 P4 4
TAUD2I2 I TAUD2 channel input 2 P4 5 P4 5 PO_4/ PO_4/
P4_5 P4_5
TAUD2I3 I TAUD2 channel input 3 P4 6 P4 6 PO_5/ PO_5/
P4_6 P4_6
TAUD2I4 TAUD2 channel input 4 — — PO_6/ PO_6/
P4_7 P4_7
TAUD2I5 TAUD2 channel input 5 — — PO_7/ PO_7/
P4_8 P4_8
TAUD2I6 TAUD2 channel input 6 — — PO_8/ PO_8/
P4_9 P4_9
TAUD2I7 TAUD2 channel input 7 P0O_13 P0O_13 PO_13/ PO_13/
PO_9/ PO_9/
P4 10 P4_10
TAUD2I8 | TAUD2 channel input 8 — — P4 11 P4_11
TAUD2I9 | TAUD2 channel input 9 — — P4_12 P4_12
TAUD2I10 | TAUD2 channel input 10 — — P2_10/ P2_10/
P4 13 P4 13
TAUD2I11 I TAUD2 channel input 11 P2_4/ P2_4/ P2_4/ P2_4/
P2_0 P2_0 P2_0/ P2_0/
P4_14 P4_14
TAUD2I12 | TAUD2 channel input 12 P2_1/ P2_1/ P2_1/ P2_1/
P1_1 P1_1 P11 P11
TAUD2I13 | TAUD2 channel input 13 P2_2/ P2_2/ P2_2/ P2_2/
P1 2 P1 2 P12 P12
TAUD2I14 | TAUD2 channel input 14 P2_3/ pP2_3/ P2 _3/ pP2_3/
P13 P13 P1 3 P13
TAUD2I15 | TAUD2 channel input 15 P1 4 P1 4 P1 4 P1 4
TAUD200 (0] TAUD2 channel output O PO_2/ PO_2/ PO_2/ PO_2/
P4_3 P4_3 P4_3 P4_3
TAUD201 O | TAUD2 channel output 1 P4 4 P4 4 PO_3/ PO_3/
P4_4 P4_4
TAUD202 (0] TAUD2 channel output 2 P4 5 P4 5 PO_4/ PO_4/
P45 P45
TAUD203 (o] TAUD2 channel output 3 P4 6 P4_6 PO_5/ PO_5/
P4_6 P4_6
TAUD204 O TAUD2 channel output 4 — — PO_6/ PO_6/
P4_7 P4_7
TAUD205 (e} TAUD2 channel output 5 — — PO_7/ PO_7/
P4_8 P4_8
TAUD206 (0] TAUD2 channel output 6 — — PO_8/ PO_8/
P4_9 P4_9
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Table 2.2 Pin Function (5/16)
Alternative Port
100-pin 144-pin
Category Pin name 10 | Function eVR DPS eVR DPS
TAUD2 TAUD207 (0] TAUD2 channel output 7 PO_13 P0_13 PO_13/ PO_13/
PO_9/ PO_9/
P4_10 P4_10
TAUD208 TAUD2 channel output 8 — — P4_11 P4_11
TAUD209 TAUD2 channel output 9 — — P4_12 P4_12
TAUD2010 TAUD2 channel output 10 — — P2_10/ P2_10/
P4 13 P4 13
TAUD2011 O | TAUD2 channel output 11 P2_4/ P2_4/ P2_4/ P2_4/
P2_0 P2_0 P2_0/ P2_0/
P4 14 P4_14
TAUD2012 (e} TAUD?2 channel output 12 P2_1/ P2_1/ P2_1/ P2_1/
P11 P11 P11 P11
TAUD2013 O | TAUD2 channel output 13 P2_2/ P2_2/ P2_2/ P2_2/
P12 P1 2 P1 2 P12
TAUD2014 (e} TAUD2 channel output 14 pP2_3/ P2_3/ pP2_3/ P2_3/
P13 P13 P13 P13
TAUD2015 O TAUD2 channel output 15 P1_4 P1_4 P1_4 P1_4
TAUJO TAUJOIO | TAUJO channel input O P5_14/ P5_14/ P5_14/ P5_14/
P4_0 P4_0 P4_0 P4_0
TAUJOI1 TAUJO channel input 1 PO_o0/ PO_0/ PO_0/ PO_0/
P4 1 P4_1 P4_1 P41
TAUJOI2 TAUJO channel input 2 PO_1/ PO_1/ PO_1/ PO_1/
P4 2 P4 2 P4_2 P4_2
TAUJOI3 TAUJO channel input 3 P3_11/ P3_11/ P3_11/ P3_11/
P4_3 P4_3 P4_3 P4_3
TAUJOOO0 (0] TAUJO channel output 0 P5_14/ P5_14/ P5_ 14/ P5_14/
P4 0 P4 0 P4 0 P4 0
TAUJOO1 (0] TAUJO channel output 1 PO_0/ PO_0/ PO_0/ PO_0/
P4_1 P4_1 P4_1 P4_1
TAUJ0O2 O TAUJO channel output 2 PO_1/ PO_1/ PO_1/ PO_1/
P4_2 P4_2 P4_2 P4_2
TAUJOO3 (0] TAUJO channel output 3 P3_11/ P3_11/ P3_11/ P3_11/
P4_3 P4_3 P4_3 P4_3
TAUJL TAUJ1I0 I TAUJ1 channel input 0 P11 P11 P11/ P11/
PO_5/ PO_5/
P4 11 P4 11
TAUJ1I1 | TAUJ1 channel input 1 P12 P12 P12/ P12/
PO_6/ PO_6/
P4 12 P4 12
TAUJ1I2 | TAUJ1 channel input 2 P13 P13 P13/ P13/
PO_7/ PO_7/
P4 13 P4 13
TAUJ1I3 | TAUJ1 channel input 3 P2_4/ P2_4/ P2_4/ P2_4/
P1 4 P14 P1_4/ P1_4/
P0O_8/ P0_8/
P4_14 P4_14
TAUJ100 0] TAUJ1 channel output 0 P11 P1_1 P1_1/ P1_1/
P0O_5/ P0O_5/
P4 11 P4 11
TAUJ101 o TAUJ1 channel output 1 P12 P1_2 P1_2/ P1_2/
P0_6/ PO_6/
P4_12 P4_12
TAUJ102 (e} TAUJ1 channel output 2 P13 P1_3 P1_3/ P1_3/
P0_7/ PO_7/
P4 13 P4 13
TAUJ103 (0] TAUJ1 channel output 3 P2_4/ P2_4/ P2_4/ P2_4/
P1_4 P1_4 P1_4/ P1_4/
PO_8/ PO_8/
P4_14 P4_14
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Table 2.2 Pin Function (6/16)
Alternative Port
100-pin 144-pin
Category Pin name 10 | Function eVR DPS eVR DPS
TAUJ2 TAUJ2I0 I TAUJ2 channel input 0 P11 P11 P11 P11
TAUJ2I11 I TAUJ2 channel input 1 P12 P12 P1_2 P12
TAUJ2I2 | TAUJ2 channel input 2 P1_3 P1_3 P1_3 P1_3
TAUJ2I3 | TAUJ2 channel input 3 P1_4 P14 P14 P14
TAUJ200 (o) TAUJ2 channel output 0 P11 P11 P11 P11
TAUJ201 (0] TAUJ2 channel output 1 P12 P12 P12 P12
TAUJ202 O TAUJ2 channel output 2 P13 P13 P13 P1_3
TAUJ203 o TAUJ2 channel output 3 P1 4 P1 4 P1_ 4 P14
TSG30 TSG3000 (0] TSG30 timer up / down status output P2 2 P2 2 P2 2 P2 2
TSG3001 o TSG30 PWM output 1 P2_3 P2_3 P2_3 P2_3
TSG3002 o TSG30 PWM output 2 P2_5 P2_5 P2 5 P2_5
TSG3003 o TSG30 PWM output 3 P2_6 P2_6 P2_6 P2_6
TSG3004 O | TSG30 PWM output 4 P2 7 P2 7 P27 P2 7
TSG3005 (0] TSG30 PWM output 5 P2_8 P2_8 P2_8 P2_8
TSG3006 o TSG30 PWM output 6 P29 P2_9 P2_9 P29
TSG3007 O TSG30 AD trigger diagnostic output P2_1 P2_1 P2_1 P2_1
TSG30PTSIO | TSG30 hall sensor input 0 P4 0 P4 0 P4 0 P4 0
TSG30PTSI1 | TSG30 hall sensor input 1 P4 1 P4 1 P4 1 P4 1
TSG30PTSI2 I TSG30 hall sensor input 2 P4 2 P4 2 P4 2 P4 2
TSG30CLKI | TSG30 external clock input enable P4 3 P4_3 P4 3 P4 3
TSG31 TSG3100 (e} TSG31 timer up / down status output PQ_2/ PO_2/ PO_2/ PO_2/
P3 6 P3 6 P3 6 P3 6
TSG3101 o TSG31 PWM output 1 P3_7 P3_7 PO_3/ PO_3/
P3_7 P37
TSG3102 O | TSG31 PWM output 2 P3 8 P3 8 PO_4/ PO_4/
P3_8 P3_8
TSG3103 o TSG31 PWM output 3 P39 P39 PO_5/ PO_5/
P3 9 P39
TSG3104 (¢} TSG31 PWM output 4 P3_10 P3_10 PO_6/ PO_6/
P3_10 P3_10
TSG3105 O | TSG31 PWM output 5 P3 12 P3 12 PO_7/ PO_7/
P3_12 P3_12
TSG3106 o TSG31 PWM output 6 P3_13 P3_13 PO_8/ PO_8/
P3 13 P3 13
TSG3107 (@] TSG31 AD trigger diagnostic output P3_ 14 P3_14 PO_9/ P0O_9/
P3_14 P3_14
TSG31PTSIO I TSG31 hall sensor input 0 P4 4 P4 4 PO_11/ PO_11/
P4_4 P4 _4
TSG31PTSI1 | TSG31 hall sensor input 1 P4 5 P4 5 PO_12/ PO_12/
P4_5 P4_5
TSG31PTSI2 | TSG31 hall sensor input 2 PO_13/ PO_13/ PO_13/ PO_13/
P4_6 P4_6 P4_6 P4_6
TSG31CLKI TSG31 external clock input enable P0O_0 P0_0 P0_0/ P0_0/
P4_7 P4 7
ESO TAPAOESO | Emergency Hi-Z input 0 P3_14 P3_14 P3_14 P3_14
TAPAL1ESO | Emergency Hi-Z input 1 PO_2/ PO_2/ PO_2/ PO_2/
P4 4 P4_4 P4_4 P4 4
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Table 2.2 Pin Function (7/16)

Alternative Port
100-pin 144-pin
Category Pin name 10 | Function eVR DPS eVR DPS
ENCAO ENCAOTINO [ ENCAO capture trigger input O — — P4_7 P4_7
ENCAOTIN1 | ENCAO capture trigger input 1 — — P4_8 P4_8
ENCAOEO | ENCAO encoder input P4_0 P4_0 P4_0 P4_0
ENCAOE1 [ ENCAO encoder input P4 1 P4 1 P4 1 P4 1
ENCAOQOEC | ENCAO encoder input P4_2 P4_2 P4_2 P4 _2
ENCA1 ENCALTINO | ENCAL capture trigger input O — — P49 P4_9
ENCALTIN1 [ ENCAL capture trigger input 1 — — P4_10 P4_10
ENCALEO | ENCAL encoder input P4_4 P4_4 PO_11/ PO_11/
P4_4 P4 4
ENCAL1E1l | ENCAL encoder input P4 5 P4_5 PO_12/ P0_12/
P4_5 P4_5
ENCA1EC | ENCA1 encoder input PO_13/ P0_13/ P0O_13/ P0_13/
P4_6 P4_6 P4_6 P4_6
OSTMO OSTMO0O o OSTMO timer output P0_13 PO_13 P0_13 PO_13
OSTM1 OSTM10 (e} OSTM1 timer output P2_6/ P2_6/ P2_10/ P2_10/
P4 3 P4 3 P2_6/ P2_6/
P4_3 P4_3
TPBAO TPBAOO O TPBAO timer pattern buffer output 0 P2 2 P2_2 P2_2 P2_2
TPBA1 TPBA1O (e} TPBAO timer pattern buffer output 1 P3_8/ P3_8/ P3_8/ P3_8/
P2_3/ P2_3/ P2_3/ P2_3/
P3_14 P3_14 P3_14 P3_14
CLKDIVO EXTCLKOO O Clock controller output P3_14 P3_14 P3_14 P3_14
CLKDIV1 EXTCLK10O (e} Clock controller output P4 5 P4_5 P4_5 P45
CSIGO CSIGORYI | CSIGO ready (1) / busy (0) input signal — — P35 P35
CSIGORYO O | CSIGO ready (1) / busy (0) output signal — — P3 4 P3 4
CSIGOSCI | CSIGO serial clock input signal P5_4 P5_4 P3_2/ P3_2/
P5_4/ P5_4/
P5 2 P5 2
CSIGOSCO o CSIGO serial clock output signal P5_4 P5_4 P3_2/ P3_2/
P5_4/ P5_4/
P5 2 P5 2
CSIGO CSIGOS!I CSIGO serial data input P5_0 P5_0 P3_0/ P3_0/
P5 0 P5_0
CSIG0SO o CSIGO serial data output P5_1 P5_1 P3_1/ P3_1/
P5 1 P5 1
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Table 2.2 Pin Function (8/16)

Alternative Port
100-pin 144-pin
Category Pin name 10 | Function eVR DPS eVR DPS
CSIHO CSIHOCSSO0 [e] CSIHO serial peripheral chip select signal 0 P3_12 P3_12 P3_12 P3_12
CSIHOCSS1 (0] CSIHO serial peripheral chip select signal 1 P3_13 P3_13 P3_13 P3_13
CSIHOCSS2 o CSIHO serial peripheral chip select signal 2 P2_4 P2_4 P2_14/ P2_14/
P2_4 P2_4
CSIHOCSS3 O CSIHO serial peripheral chip select signal 3 P2_5 P2_5 P2_13/ P2_13/
P2 5 P2 5
CSIHOCSS4 O CSIHO serial peripheral chip select signal 4 P2_6 P2_6 P2_12/ P2_12/
P2 6 P2_6
CSIHOCSS5 o CSIHO serial peripheral chip select signal 5 P2_7/ P2_7/ pP2_11/ P2_11/
P2 2 P2 2 P2_7/ P2_7/
P2 2 P2 2
CSIHOCSS6 o CSIHO serial peripheral chip select signal 6 P2_8 P2_8 P2_10/ P2_10/
P2 8 P2 8
CSIHOCSS7 o CSIHO serial peripheral chip select signal 7 P2_9 P2_9 P3_2/ P3_2/
P2_9 P2_9
CSIHOSSI | CSIHO serial SS function control input signal P3_8 P3_8 P3_8 P3_8
CSIHORYI | CSIHO ready (1) / busy (0) input signal P39/ P3_9/ P39/ P3_9/
P33 P3_3 P3_3/ P3_3/
P2_15/ P2_15/
P2_10 P2_10
CSIHORYO O CSIHO ready (1) / busy (0) output signal — — P2_11 P2_11
CSIHOSCI | CSIHO serial clock input signal P3_8/ P3_8/ P3_8/ P3_8/
P2 6 P2 6 P3_1/ P3_1/
P2_6 P2_6
CSIHOSCO (0] CSIHO serial clock output signal P3_8/ P3_8/ P3_8/ P3_8/
P2_6 P2_6 P3_1/ P3_1/
P2_6 P2_6
CSIHOSI | CSIHO serial data input P3_6/ P3_6/ P3_6/ P3_6/
P2_4 P2_4 P3_2/ P3_2/
P2_4 P2_4
CSIHOSO o CSIHO serial data output P3_7/ P3_7/ P3_7/ P3_7/
P2_5 P2_5 P3_0/ P3_0/
P2_12/ P2_12/
P2 5 P2_5
CSIH1 CSIH1CSS0 o CSIH1 serial peripheral chip select signal 0 P4_3 P4_3 P4_3 P4_3
CSIH1CSS1 O CSIH1 serial peripheral chip select signal 1 P4_4 P4_4 P4_4 P4_4
CSIH1CSS2 (e} CSIH1 serial peripheral chip select signal 2 P4_5 P4_5 P4_5 P4_5
CSIH1CSS3 o CSIH1 serial peripheral chip select signal 3 P4_6 P4_6 P4_6 P4_6
CSIH1CSS4 O CSIH1 serial peripheral chip select signal 4 — — P4_7 P4_7
CSIH1CSS5 (0] CSIH1 serial peripheral chip select signal 5 — — P4 8 P4_8
CSIH1CSS6 O CSIH1 serial peripheral chip select signal 6 — — P4_9 P4_9
CSIH1CSS7 O CSIH1 serial peripheral chip select signal 7 — — P4_10 P4_10
CSIH1SSI | CSIH1 serial SS function control input signal — — P4_8 P4_8
CSIH1RYI | CSIH1 ready (1) / busy (0) input signal P3_13 P3_13 P3_13/ P3_13/
P2_11/ P2_11/
P4_9 P4_9
CSIH1IRYO (o] CSIH1 ready (1) / busy (0) output signal P3_ 12/ P3_12/ P3_12/ P3_12/
P4 2 P4 2 p2_13/ P2_13/
P4 10/ P4_10/
P4_2 P4_2
CSIH1SCI | CSIH1 serial clock input signal P2_9/ P2_9/ P2_9/ P2_9/
P4_1 P4_1 P4_1 P4_1
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Table 2.2 Pin Function (9/16)
Alternative Port
100-pin 144-pin
Category Pin name 10 | Function eVR DPS eVR DPS
CSIH1 CSIH1SCO O CSIH1 serial clock output signal P2_9/ P2_9/ P2_9/ P2_9/
P4_1 P4_1 P4_1 P4_1
CSIH1SI | CSIH1 serial data input P2 7/ P2_7/ pP2_7/ P2_7/
P3_14 P3_14 P3_14 P3_14
CSIH1SO O CSIH1 serial data output pP2_8/ P2_8/ pP2_8/ P2_8/
P4_0 P4_0 P4_0 P4_0
CSIH2 CSIH2CSS0 (o] CSIH2 serial peripheral chip select signal 0 P2_3/ P2_3/ P2_3/ P2_3/
P11 P1_1 P1_1/ P1_1/
P4_7/ P4 7/
P5 2 P5 2
CSIH2CSS1 (0] CSIH2 serial peripheral chip select signal 1 P3_3/ P3_3/ P3_3/ P3_3/
P5 0 P5 0 P5_0/ P5_0/
P4_8 P4_8
CSIH2CSS2 (0] CSIH2 serial peripheral chip select signal 2 P3_4/ P3_4/ P3_4/ P3_4/
P5 1 P5 1 P5 1/ P5_1/
P4_9 P4_9
CSIH2CSS3 o CSIH2 serial peripheral chip select signal 3 P3_5/ P3_5/ P3_5/ P3_5/
P5_4 P5 4 P5_4/ P5_4/
P4 10 P4_10
CSIH2CSS4 o CSIH2 serial peripheral chip select signal 4 P3_6/ P3_6/ P3_6/ P3_6/
P5 5 P5 5 P5_5/ P5_5/
P4 11 P4 11
CSIH2CSS5 o CSIH2 serial peripheral chip select signal 5 P3_7/ P3_7/ P3_7/ P3_7/
P5 6 P5 6 P5_6/ P5_6/
P4_12 P4_12
CSIH2CSS6 O CSIH2 serial peripheral chip select signal 6 P3_8 P3_8 P3_8/ P3_8/
P5_7/ P5_7/
P4_14 P4_14
CSIH2CSS7 O CSIH2 serial peripheral chip select signal 7 P3_9/ P3_9/ P3_9/ P3_9/
P4_4 P4_4 P5_8/ P5_8/
P4_4 P4_4
CSIH2SSI | CSIH2 serial SS function control input signal — — P4_13/ P4_13/
P5_11 P5_11
CSIH2RYI | CSIH2 ready (1) / busy (0) input signal P3_7/ P3_7/ P3_7/ P3_7/
P2_3/ P2_3/ P2_3/ P2_3/
P4_3 P4_3 P4_3/ P4_3/
P5_12 P5_12
CSIH2RYO (0] CSIH2 ready (1) / busy (0) output signal P2 _4 P2_4 P2_4/ P2_4/
P4_7/ P4_7/
P5 13 P5_13
CSIH2SCI | CSIH2 serial clock input signal P2_2/ P2_2/ P2_2/ P2_2/
P1_4/ P1_4/ P1_4/ P1_4/
P4_6 P4_6 P4_6/ P4_6/
P5_15 P5_15
CSIH2SCO O CSIH2 serial clock output signal P2_2/ P2_2/ P2_2/ P2_2/
P1_4/ P1_4/ P1_4/ P1_4/
P4_6 P4_6 P4_6/ P4_6/
P5_15 P5_15
CSIH2SI I CSIH2 serial data input P2_0/ P2_0/ P2_0/ P2_0/
P1_2/ P1_2/ P1_2/ P1_2/
P4_4/ P4_4/ P4_4/ P4_4/
P5 9 P5 9 P5 9 P5 9
CSIH2SO O CSIH2 serial data output P2_1/ P2_1/ P2_1/ P2_1/
P1_3/ P1_3/ P1_3/ P1_3/
P4_5/ P4_5/ P4_5/ P4_5/
P5_14 P5_14 P5_14 P5_14
CSIH3 CSIH3CSS0 (0] CSIH3 serial peripheral chip select signal 0 P2_8 P2_8 P2_8 P2_8
CSIH3CSS1 (0] CSIH3 serial peripheral chip select signal 1 P29 P2_9 P29 P29
CSIH3CSS2 O CSIH3 serial peripheral chip select signal 2 P35 P35 P35 P35
CSIH3CSS3 O CSIH3 serial peripheral chip select signal 3 P3 4 P3 4 P3 4 P3 4
CSIH3CSS4 (0] CSIH3 serial peripheral chip select signal 4 P3 3 P3 3 P3 3 P33
CSIH3CSS5 O CSIH3 serial peripheral chip select signal 5 P39 P39 P39 P39
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Table 2.2 Pin Function (10/16)
Alternative Port
100-pin 144-pin
Category Pin name 10 | Function eVR DPS eVR DPS
CSIH3 CSIH3CSS6 [e] CSIH3 serial peripheral chip select signal 6 P2_0 P2_0 P2_0 P2_0
CSIH3CSS7 CSIH83 serial peripheral chip select signal 7 P2_1 P2_1 P2_1 P2_1
CSIH3SSI | CSIH3 serial SS function control input signal P3 3 P33 P3_3 P33
CSIH3RYI | CSIH3 ready (1) / busy (0) input signal P3_6/ P3_6/ P3_6/ P3_6/
P2_8/ P2_8/ P2_8/ P2_8/
P11 P11 P11 P11
CSIH3RYO O CSIH3 ready (1) / busy (0) output signal P2_8 P2_8 P2_8/ P2_8/
P10 P1_0
CSIH3SCI | CSIH3 serial clock input signal P2_7/ P2_7/ P2_7/ P2_7/
P1_4 P1_4 P1_4 P1_4
CSIH3SCO (e} CSIH3 serial clock output signal P2_7/ P2_7/ P2_7/ P2_7/
P1_4 P1_4 P1_4 P1_4
CSIH3SI I CSIH3 serial data input P2_6/ P2_6/ P2_6/ P2_6/
P12 P1_2 P1_2 P12
CSIH3SO (0] CSIH3 serial data output P2_5/ P2_5/ P2 5/ P2_5/
P13 P13 P13 P13
SCI30 SCI30RX | SCI30 data input P3_7/ P3_7/ P3_7/ P3_7/
P2_5/ P2_5/ P2_5/ P2_5/
PO_2/ PO_2/ PO_2/ PO_2/
P5_0/ P5_0/ P5_0/ P5_0/
P4_5 P4_5 P4_5 P4_5
SCI30TX O | SCI30 data output P3_12/ P3_12/ P3_12/ P3_12/
P2_6/ P2_6/ P2_6/ P2_6/
P5_1/ P5_1/ P0O_3/ PO_3/
P4_6 P4_6 P5_1/ P5_1/
P4_6 P4_6
SCI30SCI | SCI30 serial clock input P3_13/ P3_13/ P3_13/ P3_13/
P2_7/ P2_7/ P2_7/ P2_7/
P5_4/ P5_4/ PO_4/ PO_4/
P4 2 P4 2 P5_4/ P5_4/
P5_2/ P5_2/
P4_2 P4_2
SCI30SCO (0] SCI30 serial clock output P3_13/ P3_13/ P3_13/ P3_13/
P2 7/ P2_7/ P2 7/ P2_7/
P5_4/ P5_4/ PO_4/ PO_4/
P4_2 P4_2 P5_4/ P5_4/
P5_2/ P5_2/
P4_2 P4_2
SCI31 SCI31RX | SCI31 data input P2_8/ P2_8/ P2_8/ P2_8/
P5 5 P5 5 P5 5 P5 5
SCI31TX o SCI31 data output P2_9/ P2_9/ P2_9/ P2_9/
P5_6 P5_6 P5_6 P5_6
SCI31SClI | SCI31 serial clock input PO_13/ PO_13/ PO_13/ PO_13/
P3_5 P3_5 P3_5/ P3_5/
P5 7 P5 7
SCI31SCO O | SCI31 serial clock output PO_13/ PO_13/ PO_13/ PO_13/
P3 5 P35 P3_5/ P3_5/
P5 7 P5_7
SCI32 SCI32RX | SCI32 data input P0_2/ P0_2/ PO_2/ P0_2/
P3 4 P3_4 P3_4/ P3_4/
P5 8 P5_8
SCI32TX (o} SCI32 data output P3_3/ P3_3/ P3_3/ P3_3/
P5_9 P5_9 P5_9 P5_9
SCI32SCl | SCI32 serial clock input P3_9/ P3_9/ P3_9/ P3_9/
P5_10 P5_10 P5_10 P5_10
SCI32SCO (0] SCI32 serial clock output P3_9/ P3_9/ P3_9/ P3_9/
P5_10 P5_10 P5_10 P5_10
RLIN30 RLIN30RX | RLIN30 data input P3_4/ P3_4/ P3_4/ P3_4/
P1_1/ P1_1/ P1_1/ P1_1/
P5_14/ P5_14/ P5_14/ P5_14/
P5_10/ P5_10/ P5_10/ P5_10/
P4_0 P4_0 P4_0 P4_0
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Table 2.2 Pin Function (11/16)
Alternative Port
100-pin 144-pin
Category Pin name 10 | Function eVR DPS eVR DPS
RLIN30 RLIN30TX o} RLIN30 data output P3_5/ P3_5/ P3_5/ P3_5/
P0_0/ PO_0/ P1_0/ P1_0/
P4_1 P4_1 PO_0/ PO_0/
P5_15/ P5_15/
P5_11/ P5_11/
P4_1 P4_1
RLIN31 RLIN31RX I RLIN31 data input P2_5/ P2_5/ P2_5/ P2_5/
PO_1 PO_1 PO_1/ PO_1/
P5_15/ P5_15/
P5_12 P5_12
RLIN31TX O | RLIN31 data output P2_4/ P2_4/ P2_4/ P2_4/
P3_11 P3_11 P3_11/ P3_11/
P5 13 P5_13
RSCANFDO RSCANORXO | RSCANO receive data input 0 P3_7/ P3_7/ P3_7/ P3_7/
P2_0/ P2_0/ P2_0/ P2_0/
P4 5 P4 5 P4 5 P4 5
RSCANOTXO0 (e} RSCANO transmit data output O P3_8/ P3_8/ P3_8/ P3_8/
P2_1/ P2_1/ P2_1/ P2_1/
P4_6 P4_6 P4_6 P4_6
RSCANORX1 | RSCANO receive data input 1 P3_12/ P3_12/ P3_12/ P3_12/
P2 2/ P2_2/ P2 2/ P2_2/
P4 2 P4_2 Pa_7/ P4_7/
P4_2 P4_2
RSCANOTX1 O | RSCANO transmit data output 1 P3_13/ P3_13/ P3_13/ P3_13/
P2_3/ P2_3/ P2_3/ P2_3/
P4_3 P4_3 P4_3 P4_3
RSCANORX2 I RSCANO receive data input 2 P5 6 P5 6 P5 6 P5 6
RSCANOTX2 (e} RSCANO transmit data output 2 P5_5 P5_5 P5_5/ P5_5/
P5_7 P5_7
FLXAO FLXAORXDA | FLXAO channel A receive data input P4 _2 P4_2 P4_8/ P4_8/
P4_2 P4_2
FLXAORXDB | FLXAO channel B receive data input P4_3 P4_3 P4_11/ P4_11/
P4_3 P4_3
FLXAOSTPWT | FLXAO stop watch trigger input P4_4 P4 4 P4_14/ P4_14/
P4 4 P4 4
FLXAOTXDA O FLXAO channel A transmit data output P4 0 P4 0 P4_9/ P4_9/
P4_0 P4_0
FLXAOTXDB O FLXAO channel B transmit data output P4 5 P4_5 P4_12/ P4_12/
P45 P45
FLXAOTXENA (0] FLXAO channel A transmit enable P4_1 P4_1 P4_10/ P4_10/
P41 P4_1
FLXAOTXENB (0] FLXAO channel B transmit enable P4 6 P4 6 P4_13/ P4_13/
P4_6 P4_6
PSI50 PSI50DIN | PSI50 receive data input P5_14 P5_14 P5_14 P5_14
PSI50DOUT (0] PSI50 transmit data output PO_0 PO O PO_0 PO_0
PSI51 PSI51DIN I PSI51 receive data input P5 9 P5 9 P5 9 P5 9
PSI51DOUT o PSI51 transmit data output P5_10 P5_10 P5_10 P5_10
SENTO SENTORX | SENT chO sensor data input P55 P55 P5 5 P5 5
SENTOSPCO O | SENT ch0 SPC extension output P5_6/ P5_6/ PO_8/ PO_8/
P5_5 P5_5 P5_6/ P5_6/
P5 5 P5 5
SENT1 SENT1RX | SENT ch1l sensor data input P5_10 P5_10 P5_8/ P5_8/
P5_10 P5_10
SENT1SPCO O SENT chl SPC extension output P5_9/ P5_9/ PO_7/ PO_7/
P5 10 P5_10 P5_9/ P5_9/
P5_8/ P5_8/
P5_10 P5_10
SENT2 SENT2RX | SENT ch2 sensor data input — — P5_12 P5_12
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Table 2.2 Pin Function (12/16)

Alternative Port

100-pin 144-pin
Category Pin name 10 | Function eVR DPS eVR DPS

SENT2 SENT2SPCO (o] SENT ch2 SPC extension output — — PO_6/ PO_6/
P5_13/ P5_13/

P5 12 P5 12
SENT3 SENT3RX | SENT ch3 sensor data input P5_14 P5_14 P5_14/ P5_14/
P5_11 P5_11

SENT3SPCO O SENT ch3 SPC extension output PO_0/ PO_0/ PO_5/ PO_5/

P5_14 P5_14 PO_0/ PO_0/

P5_15/ P5_15/
P5_14/ P5_14/

P5_11 P5_11
SENT4 SENT4RX | SENT ch4 sensor data input PO_1 PO_1 PO_1 PO_1
SENT4SPCO O SENT ch4 SPC extension output P3_11/ P3_11/ PO_4/ PO_4/
PO_1 PO_1 P3_11/ P3_11/
PO_1 PO_1
SENT5 SENT5RX | SENT ch5 sensor data input P0O_2 PO_2 PO_2/ PO_2/
P2_10 P2_10
SENT5SPCO (e} SENT ch5 SPC extension output P0_2 P0_2 P0_3/ P0_3/
P0O_2/ PO_2/
P2_11/ p2_11/
P2_10 P2_10
ADCGO ADCGTRGO | AD trigger input 0 P5_10 P5_10 PO_7/ PO_7/
P5_10 P5_10
ADCGOCNVO (0] ADCGO AD conversion start signal PO_2/ P0_2/ PO_2/ P0_2/
P5_10/ P5_10/ P5_10/ P5_10/
P5_1 P5_1 P5_1 P5_1
ADCGOCNV1 (0] ADCGO AD conversion start signal P5_ 14/ P5_14/ PO_3/ PO_3/
P5_4 P5_4 P5_14/ P5_14/
P5_4 P5_4
ADCGOCNV2 (6] ADCGO AD conversion start signal PO_0/ PO_0/ PO_4/ PO_4/
P5 5 P5 5 PO_0/ PO_0/
P5_5 P55
ADCGOCNV3 O ADCGO AD conversion start signal PO_1/ PO_1/ P0O_5/ PO_5/
P5_6 P5_6 PO_1/ PO_1/
P5_6 P5_6
ADCGOCNV4 (e} ADCGO AD conversion start signal P3_11 P3_11 PO_9/ PO_9/
P3_11/ P3_11/
P5_7 P5_7
ADCGOIO0 ADCGO input channel Not Not Not Not

alternative | alternative | alternative | alternative

ADCGOI1 ADCGO input channel Not Not Not Not
alternative | alternative | alternative | alternative

ADCGOI2 | ADCGO input channel Not Not Not Not
alternative | alternative | alternative | alternative

ADCGOI3 | ADCGO input channel Not Not Not Not
alternative | alternative | alternative | alternative

ADCGO0I14 | ADCGO input channel Not Not Not Not
alternative | alternative | alternative | alternative

ADCGOI5 | ADCGO input channel Not Not Not Not
alternative | alternative | alternative | alternative

ADCGO0I6 | ADCGO input channel Not Not Not Not
alternative | alternative | alternative | alternative

ADCGOI7 | ADCGO input channel Not Not Not Not
alternative | alternative | alternative | alternative

ADCGO0I8 | ADCGO input channel Not Not Not Not
alternative | alternative | alternative | alternative

ADCGO0I9 | ADCGO input channel — — Not Not
alternative | alternative

ADCGO0I10 | ADCGO input channel — — Not Not
alternative | alternative

ADCGOI11 | ADCGO input channel — — Not Not
alternative | alternative
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Table 2.2 Pin Function (13/16)
Alternative Port
100-pin 144-pin
Category Pin name 10 | Function eVR DPS eVR DPS
ADCG1 ADCGTRG1 | AD trigger input 1 P5_14 P5_14 PO_8/ PO_8/
P5 14 P5 14
ADCG1CNVO (0] ADCG1 AD conversion start signal PO_10/ PO_10/ PO_10/ PO_10/
P4 0 P4 0 P4 0 P4 0
ADCG1CNV1 (0] ADCG1 AD conversion start signal P4 1 P4_1 PO_9/ P0_9/
P4_1 P4_1
ADCG1CNV2 (0] ADCG1 AD conversion start signal P4_2 P4_2 PO_11/ PO_11/
P4_2 P4_2
ADCG1CNV3 (0] ADCG1 AD conversion start signal P4 3 P4_3 PO_12/ P0O_12/
P4_3 P4_3
ADCG1CNV4 (0] ADCGL1 AD conversion start signal P4_4 P4_4 PO_14/ P0_14/
P4_4 P4 4
ADCGL1I0 | ADCGL1 input channel Not Not Not Not
alternative | alternative | alternative | alternative
ADCG1I1 | ADCGL1 input channel Not Not Not Not
alternative | alternative | alternative | alternative
ADCG1I2 | ADCGL1 input channel Not Not Not Not
alternative | alternative | alternative | alternative
ADCGL1I3 | ADCGL1 input channel Not Not Not Not
alternative | alternative | alternative | alternative
ADCG114 | ADCGL1 input channel Not Not Not Not
alternative | alternative | alternative | alternative
ADCGL1I5 | ADCGL1 input channel Not Not Not Not
alternative | alternative | alternative | alternative
ADCGL1I6 | ADCGL1 input channel Not Not Not Not
alternative | alternative | alternative | alternative
ADCG1I7 | ADCGL1 input channel Not Not Not Not
alternative | alternative | alternative | alternative
ADCGL1I8 | ADCGL1 input channel Not Not Not Not
alternative | alternative | alternative | alternative
ADCG119 | ADCGL1 input channel Not Not Not Not
alternative | alternative | alternative | alternative
ADCG1110 | ADCGL1 input channel — — Not Not
alternative | alternative
ADCG1I11 | ADCGL1 input channel — — Not Not
alternative | alternative
Nexus DCUTCK | Debug clock JPO_2 JPO_2 JPO_2 JPO_2
DCUTDI | Debug data input JPO_O JPO_O JP0O_O JPO_0O
DCUTDO (0] Debug data output JPO_1 JPO_1 JPO_1 JPO_1
DCUTMS | Debug mode select JPO_3 JPO_3 JPO_3 JPO_3
DCUTRDY (e} Debug ready JPO_5 JPO_5 JPO_5 JPO_5
DCUTRST® I Debug reset JPO_4 JPO_4 JPO_4 JPO_4
LPD LPDCLK | LPD clock input (4-pin mode) JPO_2 JPO_2 JPO_2 JPO_2
LPDCLKOUT O LPD clock output (4-pin mode) JPO_5 JPO_5 JPO_5 JPO_5
LPDI [ LPD data input (4-pin mode) JPO_0 JPO_0 JP0O_0 JPO_0
LPDO (0] LPD data output (4-pin mode) JPO_1 JPO_1 JPO_1 JPO_1
Nexus EVTO (o) Debug I/F event output signal P0_10 P0_10 P0_10 P0_10
EVTI | Debug I/F event input signal PO_13 PO_13 P0O_13 PO_13
FLSCI3 FLSCI3TXD (e} Flash Writer I/F TxD JPO_0/ JPO_0/ JPO_0/ JPO_0/
(FPDT) JPO_1 JPO_1 JPO_1 JPO_1
FLSCI3RXD | Flash Writer I/F RxD JPO_O JPO_O JP0_0O JPO_0O
(FPDR)
FLSCI3SCKI | Flash Writer I/F SCK JPO_2 JPO_2 JPO_2 JPO_2
(FPCK)
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Table 2.2 Pin Function (14/16)

Alternative Port
100-pin 144-pin
Category Pin name 10 | Function eVR DPS eVR DPS
MODE FLMD1 | Secondary operating mode select pin P3_14 P3_14 P3_14 P3_14
System FLMDO | Primary operating mode select Not Not Not Not
alternative | alternative | alternative | alternative
RESET I Reset input Not Not Not Not
alternative | alternative | alternative | alternative
RESETOUT O | Reset output PO_10 PO_10 PO_10 PO_10
X1 — Main clock crystal oscillator connections Not Not Not Not
alternative | alternative | alternative | alternative
X2 — Main clock crystal oscillator connections Not Not Not Not
alternative | alternative | alternative | alternative
CVM CVMOUT 0 CVM internal voltage error detection output signal Not Not Not Not
alternative | alternative | alternative | alternative
Safety ERROROUT O | Error output signal Not Not Not Not
alternative | alternative | alternative | alternative
ERROROUT_C O | Error output signal C P3_11 P3_11 P3_11 P3_11
JPORTO JPO_0 110 | JTAG port JPO_0 JPO_0 JPO_0 JPO_0
JPO_1 110 | JTAG port JPO_1 JPO_1 JPO_1 JPO_1
JPO 2 I JTAG port JPO 2 JPO 2 JPO 2 JPO 2
JPO_3 110 | JTAG port JPO_3 JPO_3 JPO_3 JPO_3
JPO_4 I JTAG port JPO_4 JPO_4 JPO_4 JPO_4
JPO 5 I/0 | JTAG port JPO 5 JPO 5 JPO 5 JPO 5
PO P0O_0 /0 | Port PO_O P0O_O PO_0 P0_O
PO_1 I/0 | Port PO_1 PO_1 PO 1 PO_1
PO 2 110 | Port PO_2 PO_2 PO 2 PO_2
PO_3 /0 | Port — — PO_3 PO_3
PO_4 /0 | Port — — PO_4 PO_4
P0O_5 /10 | Port — — P0O_5 P0O_5
PO_6 /0 | Port — — PO_6 PO_6
PO_7 I/0 | Port — — PO_7 PO_7
PO_8 /0 | Port — — PO_8 PO_8
P0_9 /0 | Port — — P0_9 PO_9
P0O_10 I/0 | Port PO_10 PO_10 PO_10 PO_10
PO_11 I/0 | Port — — PO_11 PO_11
PO_12 /0 | Port — — PO_12 PO_12
PO_13 110 | Port PO_13 PO_13 PO_13 PO_13
PO_14 I/0 | Port — — PO_14 PO_14
P1 P1 0 110 | Port — — P1 0 P10
P11 I/0 | Port P11 P11 P11 P11
P1_2 I/0 | Port P12 P12 P12 P12
P1 3 110 | Port P13 P13 P1 3 P13
P1 4 I/0 | Port P1 4 P1 4 P1 4 P1 4
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Table 2.2 Pin Function (15/16)

Alternative Port
100-pin 144-pin
Category Pin name 10 | Function eVR DPS eVR DPS
P2 P2_0 /0 | Port P20 P2_0 P20 P2_0
P2_1 I/0 | Port P21 P2_1 P21 P2 1
P2_2 /0 | Port P2_2 P2_2 P2_2 P2_2
P2_3 /10 | Port P2_3 P2_3 P2_3 P2_3
P2 4 110 | Port P2 4 P2 4 P2 4 P2 4
P25 110 | Port P2 5 P2 5 P2 5 P2 5
P2_6 /10 | Port P2_6 P2_6 P2_6 P2_6
P2_7 110 | Port P2 7 P2 7 P2_7 P2 7
P2_8 /10 | Port P2_8 P2_8 P2_8 P2_8
P29 /10 | Port P29 P29 P29 P29
P2_10 110 | Port — — P2_10 P2_10
P2_11 110 | Port — — P2 11 P2_11
P2_12 110 | Port — — P2 12 P2_12
P2 13 110 | Port — — P2 13 P2 13
P2_14 110 | Port — — P2_14 P2_14
P2_15 110 | Port — — P2_15 P2_15
P3 P30 /0 | Port — — P3_0 P3_0
P31 110 | Port — — P31 P31
P32 110 | Port — — P32 P32
P3_3 /0 | Port P3_3 P3_3 P3_3 P3_3
P3_4 110 | Port P3_4 P3_4 P3_4 P3_4
P3 5 110 | Port P3 5 P3 5 P3 5 P3 5
P3_6 /10 | Port P3_6 P3_6 P3_6 P3_6
P37 110 | Port P3_7 P3_7 P3_7 P3_7
P3 8 110 | Port P3 8 P3 8 P3 8 P3 8
P39 /10 | Port P39 P39 P39 P39
P3_10 /0 | Port P3_10 P3_10 P3_10 P3_10
P3 11 110 | Port P3 11 P3 11 P3_11 P3_11
P3_12 110 | Port P3_12 P3_12 P3_12 P3_12
P3_ 13 /10 | Port P3_13 P3_13 P3_13 P3_13
P3 14 110 | Port P3 14 P3 14 P3 14 P3_14
P4 P4 0 110 | Port P4 0 P4 0 P4 0 P4 0
P4 1 110 | Port P4 1 P4 1 P4 1 P4 1
P4 2 110 | Port P4 2 P4 2 P4 2 P4 2
P4_3 110 | Port P4_3 P4_3 P4_3 P4_3
P4_4 110 | Port P4_4 P4_4 P4_4 P4_4
P4_5 /O | Port P4_5 P4_5 P4 5 P4 5
P4 6 110 | Port P4 6 P4 6 P4 6 P4 6
P4_7 110 | Port — — P4_7 P4_7
P4_8 /0 | Port — — P4 8 P4 8
P4_9 /0 | Port — — P4 9 P4 9
P4_10 110 | Port — — P4_10 P4_10
P4_11 110 | Port — — P4_11 P4_11
P4_12 /0 | Port — — P4_12 P4_12
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Table 2.2 Pin Function (16/16)

Alternative Port
100-pin 144-pin

Category Pin name 10 | Function eVR DPS eVR DPS

P4 P4_13 /O | Port — — P4_13 P4_13
P4_14 I/0 | Port — — P4_14 P4_14

P5 P5 0 110 | Port P5 0 P5 0 P5 0 P5 0
P5 1 110 | Port P5 1 P51 P5 1 P5 1
P5 2 110 | Port — — P5 2 P5 2
P5 3 110 | Port — — P5 3 P5 3
P5 4 110 | Port P5_4 P5_4 P5 4 P5 4
P5 5 110 | Port P5 5 P5 5 P5 5 P5 5
P5 6 110 | Port P5 6 P5_6 P5 6 P5 6
P5 7 110 | Port — — P5 7 P5 7
P5 8 110 | Port — — P5 8 P5 8
P5 9 110 | Port P5 9 P59 P5 9 P5 9
P5_10 110 | Port P5_10 P5_10 P5_10 P5_10
P5 11 110 | Port — — P5 11 P5 11
P5 12 110 | Port — — P5 12 P5 12
P5_13 110 | Port — — P5_13 P5_13
P5_14 /0 | Port P5_14 P5_14 P5_14 P5_14
P5_15 110 | Port — — P5 15 P5_15

Note 1.  This is a dedicated pin. Do not use it as a port pin.
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2.3 Port Functions

2.3.1 Features

Port Group

This product has the following numbers of port groups:

Table 2.3 RH850/P1M-E Port Group

Product Number of Group Name of Group

RH850/P1M-E 7 PO to P5, JPO

Port Group Index n

Each port group is identified by its own index “n” (n = 0 to 5) throughout this section; e.g.
PMCn for the port mode control register of the Pn pin.

Register Address

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

Table 2.4 shows the base addresses, <JPORTO_base> and <PORT _base>.

Table 2.4 Port Base Address

Base address Address
<PORT_base> FFC1 0000y
<JPORTO_base> FFC2 00004
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2.3.2 Overview

This product has various pins for input/output (1/0) 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 1/0O purpose
to the corresponding pins.

For definitions of pin, port, and port group, see Section 2.3.2.1, Terms.

2.3.2.1 Terms

The terms descried in this section are defined as follows.

e Pin:
Denotes a physical pin. Every pin is denoted by a unique pin number. Most pins can be used in
multiple modes. Thus the pin name indicating its own function is assigned to each pin depending
on the selected mode.

e Port group:
Denotes a group of ports.

e Port mode / Port:
A pin in port mode functions as a general purpose 1/O pin. It is then called port.
The corresponding name is Pn_m. For example, PO_7 denotes the port 7 of port group 0 and it is
referred to as port PO_7.

e Alternative mode:
In alternative mode, a pin can be used for non-general purpose I/O functions as well; e.g. as the I/
O pin of on-chip peripherals. Therefore, the corresponding pin name depends on the selected
function. For example, the INTPO pin denotes the pin for one of the external interrupt inputs.
Note that two or more different names can refer to the same physical pin, e.g. for PO_2 and INTPO.
Those different names indicate the function in which the pin is being operated.

o Port type:
The control circuit is selected based on a register setting, and the port type is determined based on
the type of the control circuit.

(1) JTAG Ports

The JTAG port groups are used for connecting a debugger for on-chip debugging. These are special
port groups provided because the microcontroller cannot be used for the user's application while on-
chip debugging is being executed. When a debugger is not connected and the microcontroller is
operating normally, these port groups can be used in the same way as the other port groups.

JTAG port group registers and bit names are prefixed by a “J”. For example, JPO denotes JTAG port
group 0, and JPM0.JPMO_m denotes the JPMO_m port mode bit of the JPMO port mode register.

NOTE

In this section, the descriptions about all ports and their registers other than PFCn, PFCAERN,
PIPCn, PINVn, and PODCER apply to the JTAG port unless otherwise specified.
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2.3.2.2 Overview of Pin Functions

The pin can operate in the following three different modes:

e Port mode (PMCn.PMCn_m =0)
The pin operates as a general purpose 1/O port in port mode.

PMn.PMn_m selects input or output.

e S/W 1/O control alternative mode (PMCn.PMCn_m =1, PIPCn.PIPCn_m =0)
The pin is operated by an alternative function in S/W 1/0 control alternative mode.
The selection between input and output is made by S/W via the PMn.PMn_m control bits.

¢ Direct I/O control alternative mode (PMCn.PMCn_m =1, PIPCn.PIPCn_m = 1)
The pin is operated by an alternative function in direct I/O control alternative mode.
In contrast to S/W 1/O control alternative mode, input/out is directly controlled by the alternative

function in this mode.

Table 2.5 shows the outline of the register settings.

Table 2.5 Pin Function Configuration (Outline)

Bit

Mode PMCn_m | PMn_m PIPCn_m | PIBCn_m | I/O
Port mode 0 0 X X O

1 1 |
S/W 1/O control alternative 1 0 0 X O
mode 1 0 0 |
Direct I/O control alternative X 1 X Controlled by the alternative
mode function

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

— Outputs (PMn_m = 0): Alternative output mode 1 to 6

— Inputs (PMn_m = 1): Alternative input mode 1 to 6

o Direct I/O control alternative modes (PIPCn.PIPCn_m = 1):

— Input/Output of alternative output mode 1 to 6 and alternative input mode 1 to 6 are directly
selected by the alternative function.
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Table 2.6 Outline of Alternative Mode Selection (PMCn.PMCn_m = 1)

Register

Function PFCAE PFCE PFC Pm*L 110
Alternative output mode 1 (ALT-OUT1) 0 0 0 0 (0]
Alternative input mode 1 (ALT-IN1) 0 0 0 1 |
Alternative output mode 2 (ALT-OUT2) 0 0 1 0 (0]
Alternative input mode 2 (ALT-IN2) 0 0 1 1 |
Alternative output mode 3 (ALT-OUT3) 0 1 0 0 (0]
Alternative input mode 3 (ALT-IN3) 0 1 0 1 |
Alternative output mode 4 (ALT-OUT4) 0 1 1 0 0]
Alternative input mode 4 (ALT-IN4) 0 1 1 1 |
Alternative output mode 5 (ALT-OUT5) 1 0 0 0 0]
Alternative input mode 5 (ALT-IN5) 1 0 0 1 |
Alternative output mode 6 (ALT-OUT6) 1 0 1 0 0]
Alternative input mode 6 (ALT-IN6) 1 0 1 1 |

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

PM is ignored.

When a pin is operated in alternative mode (PMCn.PMCn_m = 1), one of several alternative functions
can be selected by the PFCn, PFCEn, and PFCAER registers.
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2.3.2.3 Pin Data Input/Output
The registers used for data input and output are described below.
The source of the data to be read via the PPRn register depends on pin mode.
Output data
In port mode (PMCn.PMCn_m = 0), the value of Pn.Pn_m is output from the Pn_m pin.
Input data
A read operation of the PPRn register returns either the value of the Pn_m pin, the associated bit of the
port register Pn.Pn_m, or the data output by an alternative function.
The source of the data read via PPRn depends on pin mode and setting of several control bits.
Table 2.7 summarizes the differences of PPRn read modes.
Table 2.7 PPRn_m Read Values
PMC | PM PIBC | PIPC | PODCE | PODC
nm (n_m (n_m |(n_m |n_m n_m Mode PPRn_m read value
0 1 0 X X X Port input, input buffer disabled Pn.Pn_m bit
1 X X Port input, input buffer enabled Pn_m pin
0 X 0 0 Port push-pull output Pn.Pn_m bit!
0 1 Port N-ch open-drain output
1 0 Port push-pull output
1 1 Port P-ch open-drain output
1 1 0 0 X X S/W /O control alternative input Pn_m pin
Setting prohibited —
0 X 0 0 S/W 1/O control alternative push-pull Alternative function internal output
output signal*!
0 1 S/W /O control alternative N-ch open-
drain output
1 0 S/W /0O control alternative push-pull
output
1 1 S/W /O control alternative P-ch open-
drain output
X 1 0 0 Direct I/O control alternative input or 1/0 port in alternative function mode:
push-pull output e Input: Pn_m pin
0 1 Direct I/O control alternative input or N- | e Output: Alternative function
ch open-drain output internal output signal*!
1 0 Direct I/O control alternative input or
push-pull output
1 1 Direct I/O control alternative input or P-
ch open-drain output
Note 1.  When PBDCn_m = 1, Pn_m pin level is read via PPRn_m.
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The control registers in Table 2.7 have the following effects:

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

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

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

e PIPCn.PIPCn_m
This bit selects either the S/W or direct 1/O control alternative mode.

e PBDCn.PBDCn_m
Setting this bit to 1 forces to read the Pn_m pin level via PPRn_m. Thus this enables a
bidirectional mode, where the level of pin Pn_m can also be read back when the port is operated in
an output mode.

e PODCn.PODCn_m and PODCEN.PODCEN_m bits
These bits select push-pull output (PODCn_m bit = 0), N-ch open-drain output (PODCn_m bit=1
and PODCEN_m bit = 0), or P-ch open-drain output (PODCn_m bit = 1 and PODCEn_m bit = 1).

Write to the Pn Register
The data to be output via port Pn_m in port mode (PMCn.PMCn_m = 0) is held in the port register Pn.
The Pn data can be rewritten in the following two different ways:

e Direct write to the Pn register
New data can be directly written to the Pn register.

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

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

— Port NOT register: PNOTn
Setting PNOTn.PNOTn_m = 1 inverts the bit Pn.Pn_m without a direct write to Pn_m.
Additionally, reading the level of the output pin can read the inverted value of the value that
was initially set.

The indirect Pn set/reset/not operation provides access to single bits (not limited to one bit) of the Pn
register while leaving all other Pn bits untouched.
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2.3.3 Port Type

Figure 2.3 shows the overall configuration of the pins. For the details of port blocks, see Figure 2.4.

Port 1/O buffer
A
\
Peripheral functions Internal
output signal
Output data putsig | " @
il lr: control block™* |
g Output enable

control block™

Edge detection Input data <

DNF "2 :] select block
Analog filter PU(PD
resistor

Input enable Input enable 7
control block
PU/PD
Pull-up / pull-down control signal

control block

Note 1. Because analog input pins are only for input, they do not incorporate output-related functions.
Note 2.  For details of the edge-detection DNF function and the relevant pins, see Table 2.50, List of Input Pins with a Noise Filter.

Figure 2.3 Block Diagram of Pin Configuration

Figure 2.4 shows the logical circuitry of the port control functions. The diagram is only a logical
reference and does not show the real circuitry.
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Ve
Output data

control block

PMCn_m

PMn_m

)t

PIPCn_m

Edge detection

DNF

Note 1.
Note 2.
Note 3.

PINVN_m
Pn_m 0
Alternative function 1
output data** ¢ ».
\\ J
( )\
Output enable LPODCE | LPODC
control block
\,
[>o - f )
1 N 0 Output enable
Alternative function —I>O— 0
output enable — 1
control* 1
1 )
N J 0 l\
=11 = ©
1| &
(=2}
e - A )
Input data selection \_ ) *g_
block £
o
: 0 g
PPRn_m < o
1 l =
Alternative function ! *:3\| 1
input data* 0 In-active PU/PD
> }\ level resistor
> | ,
\. J

PU/PD

PBDCn_m

-
Input enable control

i

block
PIBCn_m >
Alternative function input > 1
enable control* /(

Output enable

Input enable

control signal

-
Pull-up/pull-down
control block

(o}

PDN_m

PUIPD
1
disabled 7|

This is the signal of the alternative function selected by PFCn_m, PFCEn_m, and PFCAEn_m.
The output driving ability is set by PDSCn_m and PUCCn_m.
The type of the input buffer is set by PISAN.

Figure 2.4

Port Control Logic Diagram
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2.3.4

2341

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 2.3.4.2 Pin Function Configuration

e 2.3.4.3 Pin Data Input/Output

e 2.3.4.4 Configuration of Electrical Characteristics

Outline

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

Table 2.8 Registers for Port Group Configuration (1/2)

Register Name Symbol | Address

Pin function setting

Port control register PCRn_m <PORT_base> + 2000y + n x 40y + 4y x m
JPCRO_m <JPORTO_base> + 2000y + 4 x m

Port mode control register PMCn <PORT_base> + 0014, + n x 40
JPMCO <JPORTO_base> + 0014y

Port mode control set/reset register PMCSRn <PORT_base> + 0024, + n x 40y
JPMCSRO <JPORTO_base> + 0024

Port IP control register PIPCn <PORT_base> + 4008 + n x 40

Port mode register PMn <PORT_base> + 00104 + n x 40y
JPMO <JPORTO_base> + 0010y

Port mode set/reset register PMSRn <PORT_base> + 00204 + n x 40y
JPMSRO <JPORTO_base> + 0020y

Port input buffer control register PIBCn <PORT_base> + 40004 + n x 40y
JPIBCO <JPORTO_base> + 4000y

Port function control register PFCn <PORT_base> + 0018 + n x 40y

Port function control expansion register PFCEnN <PORT_base> + 001Cy + n x 40y
JPFCEO <JPORTO_base> + 001Cy

Port function control addition expansion register PFCAEN <PORT_base> + 0028, + n x 40

Pin data input/output

Port bi-direction control register PBDCn <PORT_base> + 4004, + n x 40y
JPBDCO <JPORTO_base> + 4004y

Port pin read register PPRn <PORT_base> + 000Cy + n x 40y
JPPRO <JPORTO_base> + 000Cy

Port register Pn <PORT_base> + 0000y + n x 40y
JPO <JPORTO_base> + 0000y

Port NOT register PNOTn <PORT_base> + 0008 + n x 40
JPNOTO <JPORTO_base> + 0008y

Port set/reset register PSRn <PORT_base> + 0004, + n x 40y
JPSRO <JPORTO_base> + 0004y

Port output level inversion register PINVN <PORT_base> + 0030 + n x 40y
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Table 2.8 Registers for Port Group Configuration (2/2)

Register Name Symbol | Address

Specifying electrical characteristics

Pull-up option register PUn <PORT_base> + 400C + n x 40y
JPUO <JPORTO_base> + 400Cy

Pull-down option register PDn <PORT_base> + 4010y + n x 40y
JPDO <JPORTO_base> + 4010y

Port drive strength control register PDSCn <PORT_base> + 4018, + n x 40y
JPDSCO <JPORTO_base> + 4018

Port open-drain control register PODCn <PORT_base> + 4014y + n x 40y
JPODCO <JPORTO_base> + 4014y

Port open-drain control expansion register PODCEnN <PORT_base> + 403Cy + n x 404

Port universal control register PUCCn <PORT_base> + 4028, + n x 40
JPUCCO <JPORTO_base> + 4028

Port input buffer selection register PISAn <PORT_base> + 402Cy + n x 40y
JPISAO <JPORTO_base> + 402Cy

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

Base address

The PORTN base addresses, <PORT_Base> and <JPORTO_Base> are defined in Register Address,
Section 2.3.1, Features.

Value after a reset

The value after a reset depends on the port, and are not described in the following register descriptions,
but are given in Section 2.4.1.1, List of Port Registers.
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2.3.4.2  Pin Function Configuration

(1) PMCn/JPMCO — Port Mode Control Register

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

Access:  PMCn: This register can be read/written in 16-bit units.
JPMCQO: This register can be read/written in 8-bit units.

Address:  PMCn: <PORT_base> + 0014 + n x 40y
JPMCO: <JPORTO_base> + 0014,

Value after reset: ~ PMCn: 0000y
JPMCO: 00y
Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5,
Table 2.42, List of Registers in Port Group JPO) in Section 2.4.1.1, List of Port Registers.

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

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

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/IW R/W R/W R/W R/W R/W R/W RIW R/W R/W R/W R/W R/W R/W R/W R/W R/W

Table 2.9 PMCn Register Contents

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

1: Alternative mode

CAUTIONS

1. The I/O control is not performed by just setting alternative mode (PMCn.PMCn_m). When the
alternative function performs direct I/O control, set also the PIPCn.PIPCn_m bit to 1.

2. When a port is used as an input pin in alternative mode, there is a pin that passes a noise filter.
Such a pin might need FCLAOCTLmM.DFNANCTL and the DNFANEN register to be set.
For details, see Section 2.6, Noise Filter and Edge Level Detection Circuit.

NOTES

1. The control bits of the JTAG port mode control register (JPMCO) are JPMCO_[7:0].
2. For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
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(2) PMCSRNn/JPMCSRO — Port Mode Control Set/Reset Register
This register provides an alternative method to write data to a bit in the PMCn register.

The upper 16 bits of PMCSRn specify whether the data of the corresponding lower 16 bits of PMCSRn
is written to the PMCn.PMCn_m bit.

Access:  This register can be read/written in 32-bit units.
PMCSRn: Bits 31 to 16 are always read as 0000,,. Reading bits 15 to 0 returns the value of the PMCn register.
JPMCSR: Bits 31 to 8 are always read as 0000 00,. Reading bits 7 to 0 returns the value of the JPMCn register.

Address:  PMCSRn: <PORT_base> + 0024, + n x 40y
JPMCSRO: <JPORTO_base> + 0024,

Value after reset: 0000 0000y

Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5,
Table 2.42, List of Registers in Port Group JPO) in Section 2.4.1.1, List of 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
n31|n30|n20|n28|n27|n26|n25|n24|n23|n22|n21|n20|ni9|nis|ni7|ni6

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

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

Value 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 2.10 PMCSRn Register Contents

Bit Position Bit Name Function
31to 16 PMCSRn_ Specifies whether the value of the corresponding lower bit of PMCSRn_[15:0] is
[31:16] written to PMCn_m:

0: PMCn_m does not depend on PMCSRn_m.

1: The value of PMCn_m is the same as that of PMCSRn_m.
Example:
When PMCSRn.PMCSRn_31 = 1, the value of bit PMCSRn.PMCSRn_15 is
written to bit PMCn.PMCn_15.

15t0 0 PMCSRn_ Specifies the PMCn_m value when the corresponding upper bit
[15:0] PMCSRn_(m+16) is 1:
0: PMCn_m =0
1:PMCn_m=1
NOTES

1. The control bits of the JTAG port mode control set/reset register (JPMCSRO) are
JPMCSRO0_[31:0].

2. For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
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(3) PIPCn — Port IP Control Register

This register specifies whether the 1/0 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 1/0 direction of Pn_m, PIPCn.PIPCn_m must be set to 1 as well.

This hands over 1/0 control to the alternative function and overrules the PMn.PMn_m setting.

Access:  This register can be read/written in 16-bit units.
Address:  PIPCn: <PORT_base> + 4008, + n x 40,*%
Value after reset: 0000y

Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5)
in Section 2.4.1.1, List of Port Registers.

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

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

Value 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 2.11 PIPCn Register Contents

Bit Position Bit Name Function

15t00 PIPCn_[15:0] Specifies the 1/0 control mode.
0: 1/0 mode is selected by PMn.PMn_m (software I/O control).
1: I/O mode is selected by the peripheral function (direct 1/O control).

NOTE

For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
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(4) PMn/JPMO — Port Mode Register

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

Access:  PMn: This register can be read/written in 16-bit units.
JPMO: This register can be read/written in 8-bit units.

Address:  PMn: <PORT_base> + 00104 + n x 40y
JPMO: <JPORTO_base> + 0010,

Value after reset: ~ PMO: FBFFy, PM1 to 5: FFFFy
JPMO: FFy
Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5,
Table 2.42, List of Registers in Port Group JPO) in Section 2.4.1.1, List of Port Registers.

Bt 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PMS”—l PMX—l PMs',‘—l PM2”—1 PMn_11 PMg—l PMn_9 |PMn_8|PMn_7|PMn_6|PMn_5|PMn_4|PMn_3|PMn_2|PMn_1|PMn_0
Value afterreset 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1

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

Note 1. PMO: 0
PM1 to PM5: 1

Table 2.12 PMn Register Contents

Bit Position Bit Name Function

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

NOTES

1. When a portis used in input port mode (PMCn.PMCn_m = 0 and PMn.PMn_m = 1), the input
buffer needs to be enabled (PIBCn.PIBCn_m = 1).

2. After reset, PIPCn.PIPCn_m = 0 is set (I/O mode is controlled with PMn.PMn_m). Thus, PMn_m
specifies the I/O direction of port mode (PMCn.PMCn_m = 0) and alternative mode
(PMCn.PMCn_m = 1).

3. The control bits of the JTAG port mode register (JPMO0) are JPMO_[7:0].

For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
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(5) PMSRn/JPMSRO — Port Mode Set/Reset Register n
This register provides an alternative method to write data to a bit in the PMn register.

The upper 16 bits of PMSRn specify whether the data of the corresponding lower 16 bits of PMSRn is
written to the PMn.PMn_m bit.

Access:  This register can be read/written in 32-bit units.
PMSRn: Bits 31 to 16 are always read as 0000y. Reading bits 15 to 0 returns the value of the PMn register.
JPMSRn: Bits 31 to 8 are always read as 0000 00,. Reading bits 7 to O returns the value of the JPMCn register.

Address:  PMSRn: <PORT_base> + 0020 + n x 40y
JPMSRO: <JPORTO_base> + 0020,**

Value after reset:  PMSRO: 0000 FBFFy, PMSR1 to 5: 0000 FFFFy
JPMSRO0: 0000 00FF
Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5,
Table 2.42, List of Registers in Port Group JPO) in Section 2.4.1.1, List of 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

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
PMSRn|{PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|{PMSRn|{PMSRn|PMSRn

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

Value after reset  *! *1 *1 L L *2 *1 *1 1 1 1 1 1 1 1 1

RW RW RW R/W RW RW RW RW RW RIW RW R/W R/W RIW  R/W RIW  RW
Note 1. PMSRO to PMSR5: 1
JPMSRO0: 0
Note 2. PMSR1 to PMSR5: 1
PMSRO, JPMSRO: 0

Table 2.13 PMSRn Register Contents

Bit Position Bit Name Function

31to 16 PMSRn_[31:16] Specifies whether the value of the corresponding lower bit of PMSRn_[15:0] is
written to PMn_m:
0: PMn_m does not depend on PMSRn_m.
1: The value of PMn_m is the same as that of PMSRn_m.
Example:
When PMSRn.PMSRn_31 = 1, the value of bit PMSRn.PMSRn_15 is written to
bit PMn.PMn_15 and output.

15t0 0 PMSRn_[15:0] Specifies the PMn_m value when the corresponding upper bit PMSRn_(m+16)
is 1:
0:PMn_m=0
1: PMn_m=1
NOTES

1. The control bits of the JTAG port mode set/reset register (JPMSRO0) are JPMSRO_[31:0]
2. For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
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(6) PIBCn/JPIBCO — Port Input Buffer Control Register

This register enables and disables the input buffer in input port mode (PMCn.PMCn_m =0 and
PMn.PMn_m =1).

Additionally, when pins are in bidirectional mode (PBDCn.PBDCn_m = 1), it is capable of selecting
shared output level loop-back function and pin output level-read function with the setting of
PIBCn.PIBCn_m. For details, see (1) PBDCn/JPBDCO — Port Bi-Direction Control Register
in Section 2.3.4.3, Pin Data Input/Output.

Access:  PIBCn: This register can be read/written in 16-bit units.
JPIBCO: This register can be read/written in 8-bit units.

Address:  PIBCn: <PORT_base> + 40004 + n x 40y
JPIBCO: <JPORTO_base> + 4000+

Value after reset: ~ PIBCn: 0000y
JPIBCO: 00
Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5,
Table 2.42, List of Registers in Port Group JPO) in Section 2.4.1.1, List of Port Registers.

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

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

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

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

Table 2.14 PIBCn Register Contents

Bit Position Bit Name Function

15t00 PIBCn_[15:0] Enables/disables the input buffer:
0: Input buffer is disabled.
1: Input buffer is enabled.

NOTES
1. When the input buffer is disabled, it does not consume flow-through current even if the pin level is
in Hi-Z state. Thus, the pin does not need to be fixed to a high or low level externally.
2. The control bits of the JTAG port input buffer control register (JPIBCO) are JPIBCO_[7:0].
For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
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(7) PFCn — Port Function Control Register

This register, together with the PFCEn and PFCAER registers, specifies an alternative function of the
pins.

Some alternative functions require direct 1/O control 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 can be read/written in 16-bit units.
Address: <PORT_base> + 0018, + h x 40,**
Value after reset: 0000y
Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port

Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5)
in Section 2.4.1.1, List of Port Registers.

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

PFCn_| PFCn_|PFCn_|PFCn_|PFCn_|PFCn_

15 14 13 12 1 10 _ |[PFCn9

PFCn_8|PFCn_7|PFCn_6|PFCn_5|PFCn_4|PFCn_3|PFCn_2|PFCn_1|PFCn_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 2.15 PFCn Register Contents

Bit Position Bit Name Function

15t00 PFCn_[15:0] Specifies an alternative function of a pin.
See Table 2.6, Outline of Alternative Mode Selection (PMCn.PMCn_m = 1).

NOTE

For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
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(8) PFCENn / JPFCEO — Port Function Control Expansion Register

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

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

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

Access:  PFCEn: This register can be read/written in 16-bit units.
JPFCEQ: This register can be read/written in 8-bit units.

Address:  PFCEn: <PORT_base> + 001Cy + n x 40y
JPFCEQ: <JPORTO_base> + 001C,;**

Value after reset: ~ PFCEn: 0000y
JPFCEO: 00y
Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5,
Table 2.42, List of Registers in Port Group JPO) in Section 2.4.1.1, List of Port Registers.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PFCEN |PFCEN | PFCEn | PFCEn | PFCENn | PFCEn | PFCEN | PFCEn | PFCEn | PFCENn | PFCEn | PFCEN | PFCEN | PFCEn | PECEN | PFCEnN
_15 14 _13 _12 11 _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

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 2.16 PFCEN Register Contents

Bit Position Bit Name Function
15t00 PFCEN_[15:0] Specifies an alternative function of a pin.
See Table 2.6, Outline of Alternative Mode Selection (PMCn.PMCn_m = 1)
for details.
NOTES

1. The control bits of the JTAG port function control expansion register (JPFCEO) are JPFCEOQ_[7:0].
2. For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
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(9) PFCAEN — Port Function Control Additional Expansion Register
This register, together with the PFCn and PFCEn registers, specifies an alternative function of the pins.

Some alternative functions directly controls input/output of pin Pn_m. For such an alternative functions
PIPCn.PIPCn_m must be set to 1 as well. For other alternative functions, input/output must be
specified by PMn.PMn_m.

Access:  This register can be read/written in 16-bit units.
Address:  <PORT_base> + 0028, + h x 40,**
Value after reset: 0000y

Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5)
in Section 2.4.1.1, List of Port Registers.

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

PFCAE |PFCAE | PFCAE |PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE
ni5 | n14 | n13 | ni12 | n1l |n10| n9 | n8 | n7 | n6 | n5 | n4 | n3 | n2|ni|no

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

Table 2.17 PFCAEN Register Contents

Bit Position Bit Name Function

15t00 PFCAEN_[15:0] Specifies an alternative function of a pin.
See Table 2.6, Outline of Alternative Mode Selection (PMCn.PMCn_m = 1)
for details.

Table 2.18 Setting Alternative Functions

PFCAENn_m PFCENn_m PFCn_m PMn_m Function
0 0 0 1 1st alternative function / Input
0 1st alternative function / Output
1 1 2nd alternative function / Input
0 2nd alternative function / Output
1 0 1 3rd alternative function / Input
0 3rd alternative function / Output
1 1 4th alternative function / Input
0 4th alternative function / Output
1 0 0 1 5th alternative function / Input
0 5th alternative function / Output
1 1 6th alternative function / Input
0 6th alternative function / Output
1 X X Setting prohibited
CAUTION

o After selecting the alternative function by the PFCn_m, PFCEn_m or PFCAENn_m register, set the
PMCn_m register to 1.

¢ With this product, the I/O of some functions is multiplexed in two pins, but only either one can be
used as a pin function. Setting the same pin function in two pins is prohibited.
For example, if the a/b/c pin is used as b, the b/d/e pin cannot be used as b. In this case, the b/d/e
pin must be configured as the pin function other than b.
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NOTE

For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
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2.3.4.3 Pin Data Input/Output

(1) PBDCn/JPBDCO — Port Bi-Direction Control Register

This register enables the input buffer when a port is used in output mode and sets in bi-direction mode.
In bi-direction mode, PPRn.PPRn_m can read the level of the Pn_m pin.

o 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.PIBCnh_m= 0. For example, the pin output level based on the
first alternative function can be looped back to the same alternative input side. Also the pin output
level can be read via PPRn.PPRn_m.

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

Access:  PBDCn: This register can be read/written in 16-bit units.
JPBDCO: This register can be read/written in 8-bit units.

Address: PBDCn: <PORT_base> + 4004, + n x 40y
JPBDCO: <JPORTO_base> + 4004,**

Value after reset: ~ PBDCn: 0000y
JPBDCO: 00y
Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5,
Table 2.42, List of Registers in Port Group JPO) in Section 2.4.1.1, List of Port Registers.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PBDCn |{PBDCn|PBDCn|PBDCn|PBDCn|PBDCn|PBDCn|PBDCn|PBDCn|PBDCn|PBDCn|PBDCn|PBDCn|PBDCn|PBDCn|PBDCn
_15 _14 _13 _12 _11 _10 9 _8 7 _6 5 _4 _3 2 1 _0
Value 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 2.19 PBDCn Register Contents

Bit Position Bit Name Function

15t00 PBDCn_[15:0] Enables/disables bi-direction mode of the corresponding pin.
0: Bi-direction mode disabled
1: Bi-direction mode enabled

CAUTION

When the Pn_m port is used as an alternative output function (PMCn.PMCn_m =1, PMn.PMn_m = 0), if
bidirectional mode is enabled (PBDCn.PBDCn_m = 1), the level of the Pn_m pin can be read with
PPRn.PPRN_m.

However, the output of the alternative output function is input to the alternative input function of the
same pin (the alternative input function that is set with PFCn.PFCn_m, PFCEn.PFCEn_m, and
PFCAEN.PFCAEN_m). If this alternative input function is used in another pin, note that the output of the
alternative output function and alternative input in other pins are input internally (OR input).
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NOTES

1. The control bits of the JTAG port bi-direction control register (JPBDCO0) are JPBDCO_[7:0].
2. For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.

(2) PPRn/JPPRO — Port Pin Read Register

This register reflects an actual Pn_m pin level, a Pn.Pn_m bit value, or an output level of the alternative
function. The value to be read depends on various control settings as described in Table 2.7,
PPRn_m Read Values.

Access:  PPRn: This register can be read only in 16-bit units.
JPPRO: This register can only be read in 8-bit units.

Address:  PPRn: <PORT_base> + 000Cy + n x 40y
JPPRO: <JPORTO_base> + OOOCH*l

Value after reset:  PPRn: 0000y
JPPRO: 00y
Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5,
Table 2.42, List of Registers in Port Group JPO) in Section 2.4.1.1, List of Port Registers.

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

15 14 13 12 11 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

Table 2.20 PPRn Register Contents

Bit Position Bit Name Function
15t00 PPRn_[15:0] Pin Pn_m, Pn.Pn_m value or alternative function output.
NOTES

1. For details about the read value of the PPRn register, see Section 2.3.2.3, Pin Data Input/
Output.
The control bits of the JTAG port pin read register (JPPRO) are JPPRO_[7:0].

3. For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
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(3) Pn/JPO — 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:  Pn: This register can be read/written in 16-bit units.
JPO: This register can be read/written in 8-bit units.
Address:  Pn: <PORT_base> + 0000y + n x 40y
JPO: <JPORTO_base> + 0000,**
Value after reset:  Pn: 0000y
JPO: 00y

Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5,
Table 2.42, List of Registers in Port Group JPO) in Section 2.4.1.1, List of Port Registers.

Bit 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Pn_15 | Pn_14 | Pn_13 | Pn_12 | Pn_11 |Pn_10 | Pn_9 | Pn_8 | Pn_7 | Pn_.6 | Pn_.5 | Pn_4 | Pn_3 | Pn_2 | Pn_1 | Pn_0O
Value after reset 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
Table 2.21 Pn Register Contents
Bit Position Bit Name Function
15t0 0 Pn_[15:0] Sets the output level of pin m (m = 0 to 15):
0: Low level output
1: High level output
NOTES

e The bits of this register can be manipulated by various means; refer to the subsection, Write to the
Pn Register in Section 2.3.2.3, Pin Data Input/Output.

e The control bits of the JTAG port register (JPO) are JPO_[7:0].
e For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
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(4) PNOTn/JPNOTO — Port NOT Register

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

Access:  PNOTN: This register can be written in 16-bit units. The read value is always 0000.
JPNOTO: This register can only be written in 8-bit units. The read value is always 00y

Address:  PNOTn: <PORT_base> + 0008, + n x 40y
JPNOTO: <JPORTO_base> + 0008**

Value after reset: ~ PNOTn: 0000y
JPNOTO: 00y
Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5,
Table 2.42, List of Registers in Port Group JPO) in Section 2.4.1.1, List of Port Registers.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PNOTN|{PNOTn|PNOTn|PNOTNn|PNOTn|PNOTNn|{PNOTn|PNOTn|PNOTNn|{PNOTn|PNOTNn|PNOTn|PNOTNn|PNOTn|PNOTn|PNOTn

_15 _14 _13 _12 _11 _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 W w w w w w w w w w w w w w w w

Table 2.22 PNOTn Register Contents

Bit Position Bit Name Function

15t00 PNOTN_[15:0] Specifies if Pn.Pn_m is inverted or not:
0: Pn.Pn_m is not inverted (Pn_m — Pn_m)

1: Pn.Pn_mis inverted (Pn_m — Pn_m)

NOTES

1. The control bits of the JTAG port not register (JPNOTO) are JPNOTO_[7:0].
2. For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
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(5) PSRn/JPSRO — Port Set/Reset Register
This register provides an alternative method to write data to a bit in the Pn register.

The upper 16 bits of PSRn specify whether the data of the corresponding lower 16 bits of PSRn is
written to the Pn.Pn_m bit.

Access:  This register can be read/written in 32-bit units.
PSRn: Bits 31 to 16 are always read as 0000,. Reading bits 15 to 0 returns the value of the PMCn register.
JPSRn: Bits 31 to 8 are always read as 0000 00,. Reading bits 15 to 0 returns the value of the JPn register.

Address:  PSRn: <PORT_base> + 0004 + n x 40
JPSRO: <JPORTO_base> + 0004+

Value after reset: ~ PSRn: 0000 0000y
JPSRO0: 0000 0000y
Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5,
Table 2.42, List of Registers in Port Group JPO) in Section 2.4.1.1, List of 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

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
PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_

15 14 13 12 11 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

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 2.23 PSRn Register Contents

Bit Position Bit Name Function

31to 16 PSRn_[31:16] Specifies whether the value of the corresponding lower bit of PSRn_[15:0] 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.
15t0 0 PSRn_[15:0] Specifies the Pn_m value when the corresponding upper bit PSRn_(m+16) is 1:
0:Pn_m=0
1:Pn_m=1

NOTES

1. The control bits of the JTAG port set/reset register (JPSR0) are JPSR0_[31:0].
2. For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
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(6) PINVn — Port Output Level Inversion Register

This register enables inverting the output level from a pin. It is effective when the pin is in output mode

regardless of port output mode or alternative output mode.
Access:  This register can be read/written in 32-bit units.
Address:  <PORT_base> + 0030 + n x 40,**

Value after reset: 0000 0000y

Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5)
in Section 2.4.1.1, List of Port Registers.

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 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

PINVN_[PINVn_|PINVn_|PINVN_[PINVn_|PINVn_|PINVNn_[PINVn_|PINVn_|PINVN_[PINVn_|PINVn_|PINVNn_[PINVn_|PINVn_|PINVN_|

15 14 13 12 11 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 RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 2.24 PINVn Register Contents

Bit Position Bit Name Function

31to 16 Reserved When read, the value after reset is read. When writing, write the value after

reset.

15t0 0 PINVN_[15:0] Specifies whether the output level from a pin is inverted or not.

0: Pin output level is not inverted.
1: Pin output level is inverted.
NOTE

For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
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2.3.4.4 Configuration of Electrical Characteristics

(1) PUn/JPUO — Pull-up Option Register

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

Access:  PUn: This register can be read/written in 16-bit units.
JPUO: This register can be read/written in 8-bit units.

Address:  PUn: <PORT_base> + 400Cy + n x 40y
JPUO: <JPORTO_base> + 400C,*!

Value after reset: ~ PUn: 0000y
JPUO: 00y
Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5,
Table 2.42, List of Registers in Port Group JPO) in Section 2.4.1.1, List of Port Registers.

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

PUn_15(PUn_14[PUn_13[PUn_12|PUn_11|PUn_10| PUn_9 | PUn_8 | PUn_7 | PUn_6 | PUn_5 | PUn_4 | PUn_3 | PUn_2 | PUn_1 | PUn_0

Value 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 RIW R/W R/W R/W R/W R/W R/W R/W R/W R/W

Table 2.25 PUn Register Contents

Bit Position Bit Name Function
15t00 PUN_[15:0] Specifies 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 notset PUn.PUn_m =1 and PDn.PDn_m = 1 to a single pin.
2. The on-chip pull-up resistor has no effect when the pin is operated in output mode.
3. The control bits of the JTAG pull-up option register (JPUO) are JPUO_[7:0].
4. For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
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(2) PDn/JPDO — Pull-down Option Register

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

Access:  PDn: This register can be read/written in 16-bit units.
JPDO: This register can be read/written in 8-bit units.

Address:  PDn: <PORT_base> + 4010 + n x 40y
JPDO: <JPORTO_base> + 4010,

Value after reset: ~ PDn: 0000
JPDO: 00y
Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5,
Table 2.42, List of Registers in Port Group JPO) in Section 2.4.1.1, List of Port Registers.

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

PDn_15|PDn_14|PDn_13[PDn_12|PDn_11|PDn_10| PDn_9 | PDn_8 | PDn_7 | PDn_6 | PDn_5 | PDn_4 | PDn_3 | PDn_2 | PDn_1 | PDNn_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 2.26 PDn Register Contents

Bit Position Bit Name Function

15t00 PDn_[15:0] Specifies whether a 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 notset PUn.PUn_m =1 and PDn.PDn_m = 1 to a single pin.
2. The on-chip pull-down resistor has no effect when the pin is operated in output mode.
3. The control bits of the JTAG pull-down option register (JPDO0) are JPDO_[7:0].
4. For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
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(3) PODCn/JPODCO — Port Open-drain Control Register

This register selects push-pull or open-drain as the output buffer function.

Access:  This register can be read/written in 32-bit units.

Address:  PODCn: <PORT_base> + 4014 + n x 40y
JPODCO: <JPORTO_base> + 4014+

Value after reset: ~ PODCO: 0000 04004, PODC1 to 5: 0000 0000y
JPODCO0: 0000 00004
Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5,
Table 2.42, List of Registers in Port Group JPO) in Section 2.4.1.1, List of Port Registers.

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

Value afterreset 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

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

Value after reset 0 0 0 0 0 *1 0 0 0 0 0 0 0 0 0 0
RIW R/W R/IW RIW RIW R/IW R/IW R/IW RIW R/W RIW R/IW R/W R/W R/IW R/W RIW

Note 1. PODCO: 1
PODC1 to PODC5, JPODCO: 0

Table 2.27 PODCn Register Contents

Bit Position Bit Name Function
31to 16 Reserved When read, the value after reset is read. When writing, write the value after
reset.
15t0 0 PODCn_[15:0] Specify the output circuit characteristics of Pn_m(m = 0 to 15), together with the
PODCEN_[15:0] bits.
PODCENn_m PODCn_m Output Circuit Characteristics
0 0 Push-pull
0 1 N-ch open-drain
1 0 Push-pull
1 1 P-ch open-drain

Specify the output circuit characteristics of JPn_m(m = 0 to 15).

JPODCn_m Output Circuit Characteristics
0 Push-pull
1 N-ch open-drain

NOTES

1. The control bits for the JTAG port open-drain control register (JPODCO) are JPODCO_[31:0].
2. For details on the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
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(4) PODCENn — Port Open-drain Control Expansion Register

This register selects push-pull or open-drain as the output buffer function.

Access:  This register can be read/written in 32-bit units.
Address: <PORT_base> + 403Cy + n x 40!
Value after reset: 0000 0000y
Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port

Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5)
in Section 2.4.1.1, List of Port Registers.

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

Value after reset

o
o

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

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

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/IW R/W R/W RIW R/W R/W RIW R/W R/W R/W R/W R/W R/W RIW R/W R/W R/W

Table 2.28 PODCEN Register Contents

Bit Position Bit Name Function
31to 16 Reserved When read, the value after reset is read. When writing, write the value after
reset.
15t00 PODCEN_ Specify the output circuit characteristics of pin m (m = 0 to 15), together with the
[15:0] PODCn_[15:0] bits.
PODCEN_m PODCn_m Output Circuit Characteristics
0 0 Push-pull
0 1 N-ch open-drain
1 0 Push-pull
1 1 P-ch open-drain
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(5) PDSCn/JPDSCO — Port Drive Strength Control Register

This register specifies the output drive strength of a port pin. High- or low-speed mode (high or low
drive strength) of an output buffer is selectable by using this function.

Access:  This register can be read/written in 32-bit units.

Address:  PDSCn: <PORT_base> + 4018, + n x 40y
JPDSCO: <JPORTO_base> + 4018,*!

Value after reset: ~ PDSCO0: 0000 0400, PDSC1 to 5: 0000 0000
JPDSCO0: 0000 0000y
Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5,
Table 2.42, List of Registers in Port Group JPO) in Section 2.4.1.1, List of Port Registers.

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 0
R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/W R/W R/W R/W R/W R/W R/W

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

_15 14 _13 _12 _n _10 9 _8 7 6 5 _4 _3 2 1 _0

Value afterreset 0 0 0 0 0 *L 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

Note 1. PDSCO: 1
PDSC1 to PDSC5, JPDSCO: 0

Table 2.29 PDSCn Register Contents

Bit Position Bit Name Function
31to 16 Reserved When read, the value after reset is read. When writing, write the value after
reset.
15t00 PDSCn_[15:0] Specifies the output buffer characteristics of pin m (m = 0 to 15), together with
the PUCCn_[15:0] bits.
PUCCn_m PDSCn_m Output Buffer Characteristics
0 SLOW
0 1 FAST
1 0 MIDDLE
1 1 MIDDLE

NOTES

The control bits for the JTAG port drive strength control register (JPDSCO) are JPDSCO0_[31:0].
For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
For the output buffer characteristics of the driving ability, see Section 37.9.2, Driving Ability.
Settings for driving ability are effective even if an alternative function is in use on the pin.

a ks wbdhe

When the driving ability is set to “fast”, the pin produces a larger driving current than when the
setting is “slow”. For the allowable total driving currents, see Section 37.8.3, Allowed Output
Current.
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(6) PUCCN/JPUCCO — Port Universal Control Register
This register expands the function to specify the characteristics of an output buffer.

It can specify three output buffer characteristics, together with the Port Drive Strength Control Register
(PDSCn).

Access:  This register can be read/written in 32-bit units.

Address:  PUCCn: <PORT_base> + 4028, + n x 40
JPUCCO: <JPORTO_base> + 4028,;**

Value after reset: ~ PUCCn: 0000 0000y
JPUCCO: 0000 0000y
Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5,
Table 2.42, List of Registers in Port Group JPO) in Section 2.4.1.1, List of Port Registers.

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 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
PUCCn|PUCCn|PUCCn|PUCCn|PUCCn|PUCCn|PUCCn|PUCCnh|PUCCn|PUCCn|PUCCn|PUCCn|PUCCnh|PUCCn|PUCCn|PUCCn

_15 14 _13 _12 _n _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

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 2.30 PUCCn Register Contents

Bit Position Bit Name Function
31to 16 Reserved When read, the value after reset is read. When writing, write the value after
reset.
15t00 PUCCnN_[15:0] Specifies the output buffer characteristics of pin m (m = 0 to 15), together with
the PDSCn_[15:0] bits.
PUCCn_m PDSCn_m Output Buffer Characteristics
0 SLOW
1 FAST
1 0 MIDDLE
1 1 MIDDLE

NOTES

The control bits of the JTAG port universal control register (JPUCCO) are JPUCCO_[31:0].

For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
For the output buffer characteristics of the driving ability, see Section 37.9.2, Driving Ability.
Settings for driving ability are effective even if an alternative function is in use on the pin.

a ks wbdhe

When the driving ability is set to “fast”, the pin produces a larger driving current than when the
setting is “slow”. For the allowable total driving currents, see Section 37.8.3, Allowed
OutputCurrent.
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(7) PISAn/JPISAO — Port Input Buffer Selection Register

This register specifies the input buffer characteristics.

Access:  PISAn: This register can be read/written in 16-bit units.
JPISAO: This register can be read/written in 8-bit units.
Address:  PISAn: <PORT_base> + 402C,; + n x 40y

JPISAQ: <JPORTO_base> + 402C,;**

PISAQ: 0400y, PISAL to 4: 0000,
JPISAO: 00,

Value after reset:

The number of valid bit positions (the value m) depends on the number of pins included in each device. See

Note 1.
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4, Table 2.42, List of Registers in Port Group JPO)
in Section 2.4.1.1, List of Port Registers.
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PISA | PISA | PISA | PISA | PISA | PISA | PISA | PISA | PISA | PISA | PISA | PISA | PISA | PISA | PISA | PISA
n_15 | n_14 | n_13 | n_12 | n_11 | n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0
Value after reset 0 0 0 0 0 *1 0 0 0 0 0 0 0 0 0 0
RIW R/W RIW RIW R/IW RIW RIW RIW RIW R/W RIW RIW RIW R/W RIW R/W RIW
Note 1.  PISAO: 1
PISA1 to PISA4, JPISAQ: 0
Table 2.31 PISAn Register Contents
Bit Position Bit Name Function
15t00 PISANn_[15:0] Specify the input buffer characteristics.
0: Type 1 (Schmitt)
1: Type 2 (CMOS)
NOTES

1. For details about the definition of type 1 and type 2, see Section 2.3.5.4, Input Buffer Control

(PISA).

. For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
3. The control bits for the JTAG port input buffer select register (JPISAQ) are JPISA0_[7:0]
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2.3.45 Pin-unit Register

(1) PCRn_m/JPCRO_m — Port Control Register

Each register of a port group can be accessed via this register and a PCR register can set some 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.

Value after reset:

Access:

Address:

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

PCRn_m: <PORT_base> + 2000y + n x 40 + 451 xm

JPCRO_m: <JPORTO_base> + 2000y + 4y x m*

PCRO0_10: 1140 00004, PCRn_m except for PCRO_10: 0000 0010y

JPCRO_m: 0000 0010y

Note 1. The number of valid bit positions (the value m) depends on the number of pins included in each device. See
the list of registers by group (Table 2.36, List of Registers in Port Group 0, Table 2.37, List of Registers
in Port Group 1, Table 2.38, List of Registers in Port Group 2, Table 2.39, List of Registers in Port
Group 3, Table 2.40, List of Registers in Port Group 4,Table 2.41, List of Registers in Port Group 5,
Table 2.42, List of Registers in Port Group JPO) in Section 2.4.1.1, List of Port Registers.
Note 2. The PINVn, PODCn, PODCEnN, PUCCn, and PDSCn registers cannot be set via this register.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
— | PNV | — |PoODC|PODCE| — |PuCC|PDSC| — | PISA| — — PU PD | PBDC | PIBC
Value after reset L 0 0 0 0 0
RW R R R R R R R R R R/W R R RW RW RW
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
— — — P — — — PPR | — | PMC | PIPC | PM — |PFCAE| PFCE | PFC
Value after reset 0 0 0 0 0 0 *2 0 0 0
RW R R R R/W R R R R R RW RW RW R RW  RW
Note 1. PCRO_10: 1

Note

PCRn_m except PCRO_10, JPCRO_m: 0
2. PCRO_10:0
PCRn_m except PCR0O_10, JPCRO_m: 1

Table 2.32 PCRn_m Register Contents (1/2)

Bit Position Bit Name Function

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

30 PINV The value of bit m of the PINVn register can be read.

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

28 PODC The value of bit m of the PODCn register can be read.

27 PODCE The value of bit m of the PODCER register can be read.

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

25 PUCC The value of bit m of the PUCCn register can be read.

24 PDSC The value of bit m of the PDSCn register can be read.

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

22 PISA Same function as bit m of the PISAn register.

21,20 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
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Table 2.32 PCRn_m Register Contents (2/2)

Bit Position Bit Name Function

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

15to0 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

11to 9 Reserved When read, the value after reset is read. When writing, write the value after
reset.

8 PPR The value of bit m of the PPRn register can be read.

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 PFCAERN register

1 PFCE Same function as bit m of the PFCEn register

0 PFC Same function as bit m of the PFCn register

NOTE

For details about the relevant port groups and bits, see Section 2.4.1.1, List of Port Registers.
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2.3.4.6 Example of Port Configuration Flowchart

The followings are examples of the port configuration flow.

CAUTION

When a pin is set to an alternative output mode while the PIPCn.PIPCn_m bit is 0, it
may be temporarily switched to an alternative input mode. This occurs during the
period between setting of the PMCn.PMCn_m bit to 1 and setting of the PMn.PMn_m bit
to 0. Due to this possibility of a pin being temporarily switched to an alternative input
mode, if a pin has an interrupt-related signal as an alternative function, disable the
interrupt or make sure that it is ignored.

(1) Batch Setting

The following shows an example to collectively set a port group.
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Note 1.

C STA‘RT D)

| PBDCn.PBDC M =0

l

| PiBCnPBCR m=0 |

| ™

[ Port initialization:
| PMn.PMn_m =1 | Set the initial port values.
[ (The port is set to input mode
| and the input buffer is disabled.)

| PMCn.PMCn_m = 0

l

| PIPCnPIPCR_m=0 |/

l

| Setting of a port filter |

l

Setting of
PUNn.PUNn_m,
PDn.PDn_m,

PISAN.PISAn_m,
PDSCn.PDSCn_m,
PUCCn.PUCCN_m,
PODCn.PODCnN_m,

PODCEN.PODCEN_m,
PINVN.PINVN_m
I
Setting of
PFCn.PFCn_m,
PFCEN.PFCEn_m,
PFCAEN.PFCAENn_m Port settings:
[ Set appropriate values.

| setting of PIPCn.PIPCA_m |

| Setting of Pn.Pn_m |

Alternative input mode is entered
i when the PIPCn.PIPCn_m bitis 0 —————» :
i and the PMCn.PMCn_m bit is 1. Setting of PMn.PMn_m | :

| Setting of PIBCN.PIBCh_m | )

[

Isetting of PBDCn.PBDCn_n}

While PMCn.PMCn_m bitis 0, an interrupt may be triggered during the configuration of the port registers
under the following conditions:
For NMI and INTP7 to INTP9 interrupt signals:
e The port filter is set to rising edge or both edges detection and the PMCn.PMCn_m bit is setto 1
while the input terminal is at high level.
For INTPO to INTP6 and INTP10 to INTP12 interrupt signals:
e The port filter is set to falling edge or both edges detection and the PMCn.PMCn_m bit is set to
1 while the input terminal is at low level.
In order to avoid an unintended interrupt occurrence, use the following configuration sequence:
1. Configure the PMCn register.
2. Wait for the period of pulse rejection.
3. Configure the edge/level detection register.

Figure 2.5

Example of Port Configuration Flow (batch setting)
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(2) Individual Setting

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

And it is capable of setting simultaneous bits at once within the configurable range described below by
using PCRn_m register.

Settable range of

PCRn_m < I

C START )

- | PBDCN.PBDCh_m bit = 0 | D

[

| PIBCn.PIBCn_m bit=0 I

I

PMn.PMn_m bit=1 I

I

| PMCn.PMCn_m bit =0 |

\l PIPCN.PIPCh_m bit = 0 |/

I Setting of a port filter I

Input or output?

Input mode

Output mode

Port initialization:

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

- N
Specify PUn.PUn_m, Specify PDSCn.PDSCn_m,
PDn.PDn_m bits PUCCNn.PUCCN_m,
Settable range 0f< PODCn.PODCnN_m,
PCRn_m PODCEN.PODCEN_m,
|Specify PISAN.PISAn_m bitl PINVN.PINVNn_m bits
l Port settings:
Set appropriate values.
~ I Specify Pn.Pn_m bit I pprop
/
I PMn.PMn_m bit=0 I
Settable range of o - -
PCRn_m < | PIBCn.PIBCn_m bit = 1 | | Specify PBDCn.PBDCn_m bnl
_/
—
Figure 2.6 Example of Port Configuration Flow (in port mode)
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(a) With IP Control (PIPC = 1)

( STTRT )

@ | PBDCh.PBDCH mbit=0 | )
| PBChPIBCh mbit=0 |
Settablef | — Port initialization:
Egge 0 | PMn.PMn_m bit = 1 | > Set the initial port values.
n_m | (The port is set to input mode and the input buffer is disabled.)
[ PvcnpPmcn_mbit=0 |
L | PIPCn.PIP(|:n_m bit=0 | D
| Setting of a port filter |
/ Specify PUn.PUN_m,
PDn.PDn_m bits Settings of input function port:
| Set appropriate values.
| specify PIsan.PiSAn_m bit
Specify PDSCn.PDSCn_m,
PUCCn.PUCCNn_m, . .
;Saittaebl)ef PODCn.PODCn:m, Settings of c_)utput function port:
Pan o PODCEN.PODCEN_m, Set appropriate values.
- PINVN.PINVNn_m bits
Specify PFCn.PFCn_m bit
PFCEN.PFCEN_m bit
PFCAEN.PFCAEN_m bits
\ | PipcnpiPch mbit=1 |
Port settings:
____________________ > Set appropriate values.
| PMCn.PMCn_m bit=1 |
Settable |
range of | Specify PIBCn.PIBCn_m bit |
PCRNn_m |
[ specify PBDC.PBDCA_m bit | )
Figure 2.7 Example of Port Configuration Flow (in alternative mode)(1/2)
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(b) Without IP Control (PIPC = 0)

C ST/‘ART D)

a | PBDCn.PBDCn_m =0 | D
| PIBCn.PIBCn_m =0 |
[ Port initialization: Set each initial value
Settable range of < | PMn.PMn_m=1 | > to the bits (in port input mode;
PCRn_m [ under the condition that the input buffer is stopped).
| PvmcnpPMcnm=0 |
g | PIPCN.PIPCh_m = 0 | )

l

| Setting of a port filter® |

Output mode

Input or output?

Input mode
( - -~
Setting of Setting of
PUN.PUN_m, Egggn-ﬁaggn_m,
PDn.PD n. n_m,
n nm PODCNn.PODCn_m,
[ PODCEN.PODCEN_m,
| seting of PISAn PisAn_m PINVN.PINVD_m
Setting of
Settable range of < Setting of Pizgzﬁliggﬁmm
peRnm PFCn.PRCRM, PFCAEN.PFCAEN_m
PFCEN.PFCEN_m, -] -
PFCAEN.PFCAEN M | yorererereresosoeocoeaeadoenenninnnnnnn, .
— : — : Port configuration:
! Alternative | PMCn.PMCn_m =1 | Set each adequate value
! input mode 4’} to the bits.
N : PMn.PMn_m =0 | :
PMCn.PMCn_m = 1 | Specify of PIBCn.PIBCn_m |
Settable range of
PCRn_m | Specify of PBDCn.PBDCn_m |

_/

Note 1.  While PMCn.PMCn_m bitis O, an interrupt may be triggered during the configuration of the port registers
under the following conditions:
For NMI and INTP7 to INTP9 interrupt signals:
e The port filter is set to rising edge or both edges detection and the PMCn.PMCn_m bit is setto 1
while the input terminal is at high level.
For INTPO to INTP6 and INTP10 to INTP12 interrupt signals:
e The port filter is set to falling edge or both edges detection and the PMCn.PMCn_m bit is set to
1 while the input terminal is at low level.
In order to avoid an unintended interrupt occurrence, use the following configuration sequence:
1. Configure the PMCn register.
2. Wait for the period of pulse rejection.
3. Configure the edge/level detection register.

Figure 2.8 Example of Port Configuration Flow (in alternative mode) (2/2)
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2.35 Functional Selection

2.3.5.1 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 1/0 function
is allocated to multiple pins. However, such an alternative function should not be enabled in multiple
pins at the same time. For example, an external interrupt input, INTPO is allocated to PO_2 and P2_5,
but this alternative function can only be selected in either of them.

2.3.5.2 Alternative Function to be used in Direct I/O Control Alternative Mode

When the pins listed in Table 2.33 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.

Table 2.33 List of the Pins which is Available for Direct I/O Control Alternative Mode
Setting

Function Pin Name

CSIHO CSIHOSCO

CSIHOSO

CSIH1 CSIH1SCO

CSIH1SO

CSIH2 CSIH2SCO

CSIH2SO

CSIH3 CSIH3SCO

CSIH3SO

CSIGO CSIGO0SCO

CSIG0SO

TSG30 TSG3001

TSG3002
TSG3003

TSG3004

TSG3005

TSG3006

TSG31 TSG3101

TSG3102

TSG3103

TSG3104

TSG3105

TSG3106

CAUTION

Do not set PIPCn_m to 1 at pins not listed in Table 2.33.
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2.3.5.3 Register Setting in Use of an Analog Input Pin

Since ADCGnIm (SAR-A/D) for an analog input are always connected to the A/D converter, setting of

a port register to select a pin function is not required.

2.3.5.4 Input Buffer Control (PISA)

This device can select the input buffer characteristics (type 1 or type 2) of a port with the PISAn
register. The following table lists applicable pins.

Table 2.34 Selection of Input Buffer Characteristics (1/2)
Input Buffer Selection Device
Port Type 1 Type 2 100-pin | 100-pin | 144-pin | 144-pin
Name (PISAn_m =0) | (PISAn_m =1) [ Remarks (eVR) (DPS) (eVR) (DPS)
PO 3 SHMT CMOS — — v v
PO_4 SHMT CMOS — — v v
PO 5 SHMT CMOS — — v v
PO_6 SHMT CMOS — — v v
PO 7 SHMT CMOS — — v v
PO_8 SHMT CMOS — — R v
PO_9 SHMT CMOS — — \ \
PO_13 SHMT CMOS \ \ \ \
P11 SHMT CMOS \ \/ \ \
P12 SHMT CMOS Y \ \ \
P13 SHMT CMOS \ \ Y Y
P1_4 SHMT CMOS \ Y Y \
P20 SHMT CMOS RN RN \ \
P2 1 SHMT CMOS \ \ \ \
P2 2 SHMT CMOS v v v v
P2_5 SHMT CMOS \ \ Y \
P2_7 SHMT CMOS v v v v
P2_12 SHMT CMOS — — \ \
P30 SHMT CMOS — — v v
P31 SHMT CMOS — — S \
P3_14 SHMT CMOS \ \ \ \
P4_0 SHMT CMOS S S S v
P4_1 SHMT CMOS \ \ \ \
P4_2 SHMT CMOS S S S N
P4 3 SHMT CMOS \ \ \ \
P4_4 SHMT CMOS N N S S
P4 5 SHMT CMOS \ \ \ \
P4_6 SHMT CMOS S S N S
P4_9 SHMT CMOS — — S \
P4_10 SHMT CMOS — — N S
P4_12 SHMT CMOS — — \ \
P4 13 SHMT CMOS — — S S
JPO_0 SHMT CMOS S \
JPO_1 SHMT CMOS N N
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Table 2.34 Selection of Input Buffer Characteristics (2/2)
Input Buffer Selection Device

Port Type 1 Type 2 100-pin | 100-pin | 144-pin | 144-pin
Name (PISAn_m =0) | (PISAn_m =1) [ Remarks (eVR) (DPS) (eVR) (DPS)

JPO_2 SHMT CMOS v v y y

JPO_3 SHMT CMOS v v v v

JPO_5 SHMT CMOS v v v v
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2355

Output Buffer Control (PDSC, PUCC)

This device can select the output driver strength (SLOW, MIDDLE, or FAST) of a port with the
PDSCn and PUCCn registers. The following table lists applicable pins.

Table 2.35

Selection of Output Driving Ability (1/3)

Port Name

Device

100-pin (eVR)

100-pin (DPS)

144-pin (eVR)

144-pin (DPS)

PO_O

\/

\/

PO_1

\/

\/

PO_2

\/

\/

PO_3

PO_4

PO_5

PO_6

PO_7

PO_8

PO_9

PO_10

PO_11

PO_12

PO_13

PO_14

P10

P11

P12

P13

P1_4

P20

P21

P22

P23

P2_4

P25

P26

P2_7

P2_8

P29

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

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

P2_10

P2_11

P2_12

P2_13

P2_14

P2_15

P30

P3_1

P32

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| =< =

RO1UHO585EJ0120 Rev.1.20

Mar 23, 2018

Page 134 of 3121



RH850/P1M-E

Section 2 Pin Functions

Table 2.35

Selection of Output Driving Ability (2/3)

Port Name

Device

100-pin (eVR)

100-pin (DPS)

144-pin (eVR)

144-pin (DPS)

P33

P3_4

P3_5

P36

P3_7

P38

P39

P3_10

P3_11

P3_12

P3_13

P3_14

P4_0

P4 1

P4_2

P4 3

P4_4

P4 5

P4_6

< | 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| =

P4_7

P4_8

P49

P4_10

P4 11

P4_12

P4_13

P4_14

P5_0

P5 1

P5_2

P5 3

P5_4

P55

P5_6

P5 7

P5_8

P5 9

P5_10

P5_11

P5_12

P5_13

P5_14

P5_15

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

< | 2| 2| 2| < | < < | < | < | < < | < < | < < | < < < | < | < < | < | < | < < | < < | < | < | < < | < < | < | < < < | < < < < = =
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Table 2.35 Selection of Output Driving Ability (3/3)
Device
Port Name 100-pin (eVR) 100-pin (DPS) 144-pin (eVR) 144-pin (DPS)
JPO_0 v v v v
JPO_1 J J J J
JPO_3 v v v v
JP0_5 J J J J
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2.4  Organization of Port Groups

241 Port Function

2.4.1.1 List of Port Registers

Table 2.36 to Table 2.42 show detailed bitmaps of control registers in each port group. In the bitmap
field, “\” means an effective bit and “—” means a reserved one. Reserved areas are always read as the
value after a reset. The write value also should be the value after a reset.

Table 2.36 List of Registers in Port Group 0 (1/2)

Port Group Register Value after Access ey
Name Name R/W | reset Size 15|14 (13 |12 |11 [ 10| 9 8 7 6 5 4 3 2 1 0 Remarks
0 PO R/W | 0000y 16 N T A A VO VA AV VA VA BV IRV IRV A VO IRV I
PSRO R/W | 0000 0000, | 32 — NN NN N YN N Y Y Y [N [N Y | Y| Lower 16 bits
— NN NN N NN N Y Y [ Y [N [N Y | Y| Upper 16 bits
PPRO R 00004 16 e H VN T A VA VO VAR VA AV VA VAR RV NEVAR NEVA VAN BEVAN BN
PMO R/W | FBFFy 16 e H VT A VA VO VAR VA AV VA VAR VAR NEVAR NEVAN VAN BEVAR IR
PMCO R/W | 0000y 16 e IV A A VO VAR VA AV VA VAR NEVA NEVAR NEVAR VAR RV IR
PFCO R/W | 0000y 16 N 1 A A VO VA AV VA VA BV IRV IRV A VA RV I
PFCEO R/W | 0000y 16 — =V ===V [V [N NN NN NN
PNOTO w 0000y 16 — NN NN N YN N YN N YN N Y
PFCAEO R/W | 0000y 16 — =V N =V NN NN NN NN
PMSRO R/W | 0000 FBFF, | 32 — | NN NN N YN N YN Y [N [N Y | Y| Lower 16 bits
— | NV NNV YN YN [N Y Y [N N | Y| Upper 16 bits
PMCSRO R/W | 0000 0000, | 32 — NN NN N YN N Y Y Y [N [N Y | Y| Lower 16 bits
— [V VN NN N YN N NN Y [N [ Y | Y| Upper 16 bits
PIBCO R/W | 0000y 16 — [N N NN N YN N YN N YN N Y
PBDCO R/W | 0000y 16 e H VT A VA VO VAR VA AV VA VAR VAR NEVAR NEVAN VAN BEVAR IR
PIPCO R/W | 0000y 16 e H VT A VA VO VAR VA AV VA VAR VAR NEVAR NEVAN VAN BEVAR IR
PUO R/W | 0000y 16 e IV A A VO VAR VA AV VA VAR NEVA NEVAR NEVAR VAR RV IR
PDO R/W | 0000y 16 — NN NN N YN N YN YN N Y
PODCO R/W | 0000 0400, | 32 — NN NN N YN N Y Y Y [N [N Y | Y| Lower 16 bits
- -1 |—|—|—|—|—|—=1]—=1|—=|— | Upper 16 bits
PDSCO R/W | 0000 0400, | 32 — | NN NN N YN N YN Y [N [N Y | Y| Lower 16 bits
- === |—-/—-|—|—-]|—|1—|—1]1—1|—|— | — | Upper 16 bits
PUCCO R/W | 00000000y | 32 — NN NN N YN N Y Y Y [N [N Y | Y| Lower 16 bits
- === |—|—|—|—|—|— 11— 1|—|— | Upper 16 bits
PISAO R/W | 0400y 16 — =V ===y NNV N | ===
PODCEO R/W | 00000000, | 32 — [N NN NN N YN Y YN Y | Y| Lower 16 bits
- === |—-/—-|—|—-]|—|1—|—1]1—1|—|— | — | Upper 16 bits
PINVO R/W | 0000 0000y | 32 — | NN NN YN N Y Y Y [N [N Y | Y| Lower 16 bits
- =1 1—-1—/—|—|—|—1—|—1|—|—|— | — | Upper 16 bits
PCR0O_0 R/W | 00000010, | 32 — | == V===V |=| V| N ~N|=]~v]| ]| | Lower16 bits
— N = NN =N N]=|=|—=]—=] ]| ||| Upperi6 bits
PCRO_1 R/W | 00000010y | 32 — | == N | === V| =[N V| ~N|=]]| || Lower16bits
— | N | = NN | =| NN =] ===V ]| ]| N | Upper 16 bits
PCRO_2 R/W | 00000010, | 32 — | == V===V |—=| | N N|—=] ]| | Lower16 bits
— | N = NN | —=| NN =] === V]| Y| ]| N | Upperi6 bits
PCRO_3 R/W | 00000010, | 32 — | == V===V |=| V| N ~N|=]~v]| ]| | Lower16 bits
— N = NN =] NN =N —=]—=] ]| N|~N| V| Upperi6 bits
PCRO_4 R/W | 00000010y | 32 — == N | === V| =N V| ~N|=]]| || Lower16hbits
— | N | = NN =] NN =N | == V|| ]| N | Upper 16 bits
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Table 2.36 List of Registers in Port Group 0 (2/2)

Port Group Register Value after Access G
Name Name R/W | reset Size 15|14 (13|12 |11 (10| 9 8 7 6 5 4 3 2 1 0 Remarks
0 PCRO_5 R/W | 000000104 | 32 — | == V===V |=| | N|]N|=]~]| ]| N | Lower 16 bits
— | N | = NN =] NN = | == V|| ]| N | Upper 16 bits
PCRO_6 R/W | 00000010, | 32 [ - — — | N =[N NN =] V| V]| V| Lower 16 bits
— N = NN = N[N =| | =]=] ]| ]| V|V |Upper16bits
PCRO_7 R/W | 00000010, | 32 — | == V===V |=| V| N ~N|=]Yv]| ]| | Lower16 bits
— | N = NN =| NN === V]| ]| | Upper16bits
PCRO_8 R/W | 000000104 | 32 — | == V===V |=| | N|]N|=]~] ]| N | Lower 16 bits
— | N | = NN =| NN =N | == V|| ]| N | Upper 16 bits
PCRO_9 R/W | 00000010, | 32 [ - — — | N =[N NN =] V| V]| V| Lower 16 hbits
— N = NN = N[N =| | =]=] ]| ]| V|V |Upper16bits
PCRO_10 R/W | 11400000y | 32 — | == V===V |=| V| N|]N|=]—=]—=1] V| Lower 16 bits
— | N = NN =| NN =] =|=]=| ]| ]| ]| | Upperi6 bits
PCRO_11 R/W | 000000104 | 32 — | == V===V |=| | N|]N|—=]~]|—=1] N | Lower 16 bits
— | N | = VN | =] NN =] ===V ]| ]| N | Upper 16 bits
PCRO_12 R/W | 00000010, | 32 [ - — — | N = V| V| N =] |—] V| Lower 16 hits
— N = NN =] V| N =|=|—=]—=] ]| ||| Upperi6 bits
PCRO_13 R/W | 00000010, | 32 — | == V===V |=| V| N ~N|=]Yv]| ]| | Lower16 bits
— N = NN =N N =N —=]—=] ]| N|~N| V| Upperi6 bits
PCRO_14 R/W | 000000104 | 32 — | == V| ===V |=| | N|]N|—=]—=]—=1] V| Lower 16 bits
— | N | = NN | = NN =] ===V ]| ]| N | Upper 16 bits
RO1UHO585EJ0120 Rev.1.20 RENESAS Page 138 of 3121

Mar 23, 2018



RH850/P1M-E Section 2 Pin Functions

Table 2.37 List of Registers in Port Group 1

Bitmap
Port Group Register Value after Access
Name Name R/W | reset Size 15 (14 (13 |12 |11 |10 | 9 8 7 6 5 4 3 2 1 0 Remarks
1 P1 RW | 00004 16 _l=l=l=]=]l=l=l=1=1=1=1v [~y |~y |v |V
PSR1 R/W | 0000 0000y | 32 — = |=|=|=|=|=|=]|=|=|—=|Y [¥ |¥ | ¥ |V | Lower16bits
— === |=|=|=|=1]=1—=|—=|Y [¥ [N | ¥ | Y | Upperi6bits
PPR1 R 0000 16 — === =|=|=|=|=1=|=|~ [~ [~ |~ |V
PM1 RIW | FFFFy 16 — === =1=|=|=|=1=1|=1|~ |~y |~ [~ [N
PMC1 R/W | 0000y 16 — === =|=|=|=|=|—=|—=[|~ [~¥ [¥ |~ |V
PFC1 R/W | 0000y 16 = === =1=1]=1~ |~ |~ |~ |V
PFCE1 R/W | 0000y 16 ==l =l=]=1=f=|=1~v [~ |~ |~ |~
PNOT1 w 00004 16 — | === |=|=|=|=|=|=|=|~ [~¥ [¥ |~ |V
PFCAEL R/W | 0000y 16 — === =|=|=|=|=|=|—=|~¥ [~¥ [¥ |~ |V
PMSR1 R/W | 0000 FFFFy | 32 — === 1=1=|=|=|=1=1=1|~ |~vy | ¥ [~ [+ | Lower16bits
— === 1=1=|=|=|=1=1=1|~ |~y | ¥ |~ [+ | Upperi6bits
PMCSR1 R/W | 00000000, | 32 — === 1=|=|=1=|=|=1=1Y | ¥ [N [Y | ¥ | Lower16hbits
— = |=|=|=|=|=|=1]|=1|=|—=|Y [~¥ |¥ | ¥ | ¥ | Upper 16 bits
PIBC1 R/W | 0000y 16 — | === |=|=|=|=|=|=|=|~ [~¥ [¥ |~ |V
PBDC1 R/W | 0000y 16 — === =|=|=|=|=|=|—=|~Y [~¥ [¥ |~ |V
PIPC1 R/W | 0000y 16 — === =]=|=|=|=1=|=|"|¥y |=]=|-=
PU1 R/W | 00004 16 === === =f=1=1~ [~ [~ [~ |~
PD1 R/W | 0000y 16 — === =|—=|=|=|—=|—=|—=|~¥ [~¥ [N |¥ |V
PODC1 R/W | 0000 0000y | 32 — = |=|=|=|=|=|=]|=|=|—=|Y [¥ |¥ | ¥ |V | Lower16bits
- -] ———|—|—|—|—|—|—|—|—|—|— | — | Upper16 bits
PDSC1 R/W | 0000 0000, | 32 — === |=|=|=|=]=1=|—=|Y [¥ [N | ¥ |V | Lower16bits
- === |—|—|—|—|—|— 11— 1|—|— | Upper 16 bits
PUCC1 R/W | 0000 0000, | 32 — === |=|—=|=|=]|=1—=|—=|Y [¥ [N | ¥ |V | Lower16bits
- —|———|—|—|—|—|—|—|—|—|—|— | — | Upper 16 bits
PISAL R/W | 0000y 16 — | = === |=|=|=|=|=|=|Y [¥ |¥ |¥ |=
PODCE1 R/W | 0000 0000y | 32 — == =|=|=|=|=|=|=1=1] Y]] N[~ |~ | Lower 16 bits
- === —1—|—|—|1—|—|—|—1|— 11— | — | Upper 16 bits
PINV1 R/W | 00000000, | 32 — == ==|=|=1=|=|—=1—=1] Y| ]| N[~ |~ | Lower 16 bits
- === 1-1-—|—|—|—|—|—1—1—1—1| — | Upper 16 bits
PCR1_0 R/W | 00000010y | 32 — == N | === V| === ]|~ || Lower16hbits
— | N | = VN | =| NN =] === V]| ]| ]| N | Upper 16 bits
PCR1_1 R/W | 000000104 | 32 — | == V| === V| = | =] |—=]~¥]| ]| N | Lower 16 bits
— | N = NN =| NN =N == ]| ]| N | Upperi6 bits
PCR1_2 R/W | 00000010, | 32 — | == V===V |=| V| =] |—=]+v]| ]| V| Lower16 bits
— | N = NN =| NN === V]| ]| | Upper16 bits
PCR1_3 R/W | 00000010y | 32 — | == N | === V| =[N V| ~N|=]]| || Lower16bits
— | N | = NN =] NN =N | == V|| ]| N | Upper 16 bits
PCR1_4 R/W | 00000010, | 32 — | == V=== V| = | N N|—=] ]| N | Lower16 bits
— | N = NN =] NN =N == V]| N]| N | Upperi6 bits
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Table 2.38 List of Registers in Port Group 2 (1/2)

Port Group Register Value after Access G
Name Name R/W | reset Size 15 (14 (13 |12 |11 |10 | 9 8 7 6 5 4 3 2 1 0 Remarks
2 P2 R/W | 0000y 16 SV NN AV AV A B A ARV (VA IR I O A A I
PSR2 R/W | 0000 0000y | 32 NN N NN NN Y [N NN Y Y [N [N | Y| Lower 16 bits
NN [N N Y Y N Y Y [N Y Y [N Y | Y[ Y| upper 16 bits
PPR2 R 00004 16 R O A N N T IV AV EEV A A A BV R N I I
PM2 RIW | FFFFy 16 S S VA VA VA NV (VA VAR NEVOR NV NV (VAR BV NEVA VAR
PMC2 R/W | 0000y 16 S S VA VA VA NV (VA VR HEVOR NV NV (VA NSV NEVA VAR
PFC2 R/W | 0000y 16 RV RV NV I VA VAR N AV NEVAR BV RN RV IRV A VA I
PFCE2 R/W | 0000y 16 F A O R N A e I A N A A A VA BV IRV VA
PNOT2 w 00004 16 F U O R N A N I A A AN A A A VA BV NV A
PFCAE2 R/W | 0000y 16 R O R BN N O IRV IRV IRV A IRV A R A
PMSR2 R/W | 0000 FFFFy | 32 NN N NN N NN Y Y Y N Y Y [V [ V| Lower 16 bits
VN NN Y Y Y NN Y [N [ Y Y NN | Y| upper 16 bits
PMCSR2 R/W | 00000000, | 32 NV NN Y Y N Y YN Y YN [ Y Y | Y| Lower 16 bits
NN [N N Y Y N Y Y [N Y Y YN | Y[ Y| upper 16 bits
PIBC2 R/W | 0000y 16 F U O R N A N I A A AN A A A VA BV NV A
PBDC2 R/W | 0000y 16 R O A N N T IV AV EEV A A A BV R N I I
PIPC2 R/W | 0000y 16 — ==Y | ==Y [y [Ny =N |y | |—=
PU2 R/W | 0000y 16 S S VA VA VA NV (VA VA VAR NV NV (VA NSV NEVA VAR
PD2 R/W | 0000 16 SV N AV AV A B A ARV ARV IR I O A A I
PODC2 R/W | 0000 0000y | 32 NN N NN N NN NN N Y Y [N [N | Y| Lower 16 bits
- === |—-/—-|—|—-]|—|1—=|—1]1—1|—|— | — | Upper 16 bits
PDSC2 R/W | 0000 0000, | 32 NN N NN N Y Y NN N Y Y [N [N | Y| Lower 16 bits
- === |—|—|—|—|—|— 11— 1|—|— | Upper 16 bits
PUCC2 R/W | 0000 0000, | 32 NN N NN N NN Y YN [N Y Y [V [ V| Lower 16 bits
- —|———|—|—|—|—|—|—|—|—|—|— | — | Upper 16 bits
PISA2 R/W | 0000y 16 — ==V | === |=[N =Y |=|=]Y |y |V
PODCE2 R/W | 0000 0000y | 32 NN N NN NN Y [N N N Y Y [N [N | Y| Lower 16 bits
- =1 1—-1—/—|—|—|—1—|—1|—|—|— | — | Upper 16 bits
PINV2 R/W | 0000 0000, | 32 NN N NN N NN Y YN N Y Y [V [ V| Lower 16 bits
- === |—|—|—|—|—|— 11— 1|—|— | Upper 16 bits
PCR2_0 R/W | 00000010y | 32 — ==V |=|=|=| V| = ~N|=||=]—=1]~| | Lower 16 hbits
— | N | = NN =] NN =N | == V]|~V N]| N | Upper 16 bits
PCR2_1 R/W | 000000104 | 32 — | == V=== V| = | N|]N|=]~] ]| N | Lower16 bits
— | N = NN =| NN =N == ]| ]| N | Upperi6 bits
PCR2_2 R/W | 00000010, | 32 — | == V===V |=| V| N ~N|=]Yv]| ]| | Lower16 bits
— | N = NN =| NN === V]| ]| | Upper16 bits
PCR2_3 R/W | 00000010y | 32 — | == N | === V| =[N V| ~N|=]]| || Lower16bits
— | N | = VN | =| NN =] === V]| ]| ]| N | Upper 16 bits
PCR2_4 R/W | 00000010, | 32 — | == V| —=]—=|=| v |—=| | =] |—=] Y]] | Lower16 bits
— | N = NN | =| NN =] === | ]| ]| N | Upperi6 bits
PCR2_5 R/W | 00000010, | 32 — | == V===V |=| V| N ~N|=]~v]| ]| | Lower16 bits
— | N = NN =| NN === V]| ]| | Upper16 bits
PCR2_6 R/W | 00000010y | 32 — | == N | === V| =[N V| ~N|=]]| || Lower16bits
— | N | = NN | =| NN =] ===V ]| ]| N | Upper 16 bits
PCR2_7 R/W | 00000010, | 32 — | == V===V |—=| | N N|—=] ]| | Lower16 bits
— | N = NN =| NN =N == ]| ]| N | Upperi6 bits
PCR2_8 R/W | 00000010, | 32 — | == V===V |=| V| N N|=]+v]| ]| | Lower16 bits
— | N = NN =| NN =] =|=]=| ]| ]| ]| | Upperi6 bits
PCR2_9 R/W | 00000010y | 32 — == N | === V| =N V| ~N|=]]| || Lower16hbits
— | N = NN =[N N === = ]| V]| || Upper16bits
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Table 2.38 List of Registers in Port Group 2 (2/2)

Port Group Register Value after Access G
Name Name R/W | reset Size 15|14 (13|12 |11 (10| 9 8 7 6 5 4 3 2 1 0 Remarks
2 PCR2_10 R/W | 000000104 | 32 — | == V===V |=| | =] |—=]~]| ]| N | Lower16 bits
— | N | = NN =] NN =] === V| ]| ]| N | Upper 16 bits
PCR2_11 R/W | 00000010, | 32 — | == V===V |—=| | =] |—=] Y]] | Lower16 bits
— N = NN =[N N | =|=|=]=] ]| | V|V |Upper16bits
PCR2_12 R/W | 00000010, | 32 — | == V===V |=| V| N ~N|=]Yv]| ]| | Lower16 bits
— | N = NN =| NN === V]| ]| | Upper16bits
PCR2_13 R/W | 000000104 | 32 — | == V| ===V |=| | =] |—=]~] ]| N | Lower16 bits
— | N | = VN | =| NN =] === V]| ]| ]| N | Upper 16 bits
PCR2_14 R/W | 00000010, | 32 — | == V===V |—=| | =] |—=] Y]] | Lower16 bits
— N = NN =[N N |=|=|=]=] ]| ]| V|V |Upper16bits
PCR2_15 R/W | 00000010, | 32 — | == V===V |=| V| =] |—=]+v]| ]| V| Lower16 bits
— | N = NN =| NN =]=|=]=| ]| ]| ]| | Upperi6 bits
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Table 2.39 List of Registers in Port Group 3 (1/2)

Port Group Register Value after Access G
Name Name R/W | reset Size 15 (14 (13 |12 |11 |10 | 9 8 7 6 5 4 3 2 1 0 Remarks
3 P3 R/W | 0000y 16 — [N N NN N YN N YN N YN N Y
PSR3 R/W | 0000 0000y | 32 — | NN NN N YN N Y Y Y [N [N Y | Y| Lower 16 bits
— | NV NNV Y NN Y NN Y [N N | Y| upper 16 bits
PPR3 R 00004 16 e IV A A VR VAR VA AV VA VAR NEVA NEVAR NEVAR VAN RV IR
PM3 RIW | FFFFy 16 e N A O N N N O VA AV NV NEVA VA REVAR IR
PMC3 R/W | 0000y 16 e N e A O A N A N A A VA AV AV NV VA REVAR IR
PFC3 R/W | 0000y 16 — NN NN N YN N YN N YN N Y
PFCE3 R/W | 0000y 16 — |V N NN =Y NN NN NN N Y
PNOT3 w 00004 16 e H VT A VA VO VAR VA AV VA VAR VAR NEVAR NEVAN VAN BEVAR IR
PFCAE3 R/W | 0000y 16 e IV A A VAR VAR VA AV VA VAR NEVA NEVAR NEVAR VAN RV IR
PMSR3 R/W | 0000 FFFFy | 32 — NN NN N YN N Y Y Y [N [N Y | Y| Lower 16 bits
— [V VN NN N NN NN Y [N [ Y | Y| Upper 16 bits
PMCSR3 R/W | 00000000, | 32 — [N NN NN N YN Y YN [ Y | Y| Lower 16 bits
— | NV NNV Y NN Y NN Y [N N | Y| upper 16 bits
PIBC3 R/W | 0000y 16 e H VT A VA VO VAR VA AV VA VAR VAR NEVAR NEVAN VAN BEVAR IR
PBDC3 R/W | 0000y 16 e IV A A VO VAR VA AV VA VAR NEVA NEVAR NEVAR VAR RV IR
PIPC3 R/W | 0000y 16 — VNN NN NN N == ==Y | ¥ |V
PU3 R/W | 0000y 16 e N A O N N N VA VA AV HEVA NV VA BEVAR IR
PD3 R/W | 0000y 16 — NN NN N YN N YN N YN N Y
PODC3 R/W | 0000 0000y | 32 — | NN NN N YN N YN Y [N [N Y | Y| Lower 16 bits
- === |—-/—-|—|—-]|—|1—|—1]1—1|—|— | — | Upper 16 bits
PDSC3 R/W | 0000 0000, | 32 — NN NN YN N Y Y Y [N [N Y | Y| Lower 16 bits
- - === |—|—|—|—|—|— 11— 1|—|— | Upper 16 bits
PUCC3 R/W | 00000000, | 32 — NN NN N YN N Y Y Y [N [N Y | Y| Lower 16 bits
- —]———|—|—|—|—|—|—|—|—|—|— | — | Upper 16 bits
PISA3 R/W | 0000y 16 — |V === |=|=|=|=|=|=|=|=]|=1|¥ |V
PODCE3 R/W | 0000 0000y | 32 — | NN NN N YN N Y Y Y [N [N Y | Y| Lower 16 bits
- 11— 1—{—|—|—|—1—|—1|—|—|— | — | Upper 16 bits
PINV3 R/W | 0000 0000, | 32 — NN NN N YN N Y Y Y [N [N Y | Y| Lower 16 bits
- === |—|—|—|—|—|— 11— 1|—|— | Upper 16 bits
PCR3_0 R/W | 00000010y | 32 — == N | === V| =N V| ~N|=]]| || Lower16hbits
— | N | = NN =] NN =N | == V]|~V N]| N | Upper 16 bits
PCR3_1 R/W | 000000104 | 32 — | == V=== V| = | N|]N|=]~] ]| N | Lower16 bits
— | N = NN =| NN =N == ]| ]| N | Upperi6 bits
PCR3_2 R/W | 00000010, | 32 — | == V===V |=| V| N ~N|=]Yv]| ]| | Lower16 bits
— | N = NN =| NN =]=|=]=| ]| ]| ]| | Upperi6 bits
PCR3_3 R/W | 00000010y | 32 — ==V | === V| === ]| ~| | Lower16hbits
— | N | = VN | =| NN =] === V]| ]| ]| N | Upper 16 bits
PCR3_4 R/W | 00000010, | 32 — | == V| —=]—=|=| v |—=| | =] |—=] Y]] | Lower16 bits
— | N = NN | =| NN =] === | ]| ]| N | Upperi6 bits
PCR3_5 R/W | 00000010, | 32 — | == V===V |=| V| =] |—=]Y¥]| ]| V| Lower16 bits
— | N = NN =| NN =] =|=]=| ]| ]| ]| | Upperi6 bits
PCR3_6 R/W | 00000010y | 32 — ==V | === V| === ]| ~| | Lower16hbits
— | N | = NN | =| NN =] ===V ]| ]| N | Upper 16 bits
PCR3_7 R/W | 00000010, | 32 — | == V===V |—=| | N N|—=] ]| | Lower16 bits
— | N = NN | —=| NN =] === V]| Y| ]| N | Upperi6 bits
PCR3_8 R/W | 00000010, | 32 — | == V===V |=| V| N N|=]+v]| ]| | Lower16 bits
— | N = NN =| NN =] =|=]=| ]| ]| ]| | Upperi6 bits
PCR3_9 R/W | 00000010y | 32 — == N | === V| =N V| ~N|=]]| || Lower16hbits
— | N | = NN | = NN =] === V| ]| ]| N | Upper 16 bits
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Table 2.39 List of Registers in Port Group 3 (2/2)

Port Group Register Value after Access G
Name Name R/W | reset Size 15|14 (13|12 |11 (10| 9 8 7 6 5 4 3 2 1 0 Remarks
3 PCR3_10 R/W | 000000104 | 32 — | == V===V |=| | N|]N|—=]~]|—=1] | Lower 16 bits
— | N | = VN | =| NN =] === V| ]| ]| N | Upper 16 bits
PCR3_11 R/W | 00000010, | 32 — | == V===V |—=| | N ~N|—=]~v]| ]| | Lower16 bits
— N = NN =[N N | =|=|=]=] ]| | V|V |Upper16bits
PCR3_12 R/W | 00000010, | 32 — | == V===V |=| V| N ~N|=]Yv]| ]| | Lower16 bits
— | N = NN =| NN =]=|=]=| ]| ]| ]| | Upperi6 bits
PCR3_13 R/W | 000000104 | 32 — | == V===V |=| | N|]N|=]~] ]| N | Lower 16 bits
— | N | = VN | =| NN =] === V]| ]| ]| N | Upper 16 bits
PCR3_14 R/W | 00000010, | 32 — | == V===V |—=| | N N|—=] ]| N | Lower16 bits
— N = NN = N[N =| | =]=] ]| ]| V|V |Upper16bits
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Table 2.40 List of Registers in Port Group 4 (1/2)

Port Group Register Value after Access G
Name Name R/W | reset Size 15 (14 (13 |12 |11 |10 | 9 8 7 6 5 4 3 2 1 0 Remarks
4 P4 R/W | 0000y 16 o 1 15V A VO VA VA RV VAN NV NEVON VAR RN
PSR4 R/W | 0000 0000y | 32 — | NN NN N YN N Y Y Y [N [N Y | Y| Lower 16 bits
— | NV NNV Y NN Y NN Y [N N | Y| upper 16 bits
PPR4 R 00004 16 e IV A A VR VAR VA AV VA VAR NEVA NEVAR NEVAR VAN RV IR
PM4 RIW | FFFFy 16 e N A O N N N O VA AV NV NEVA VA REVAR IR
PMC4 R/W | 0000y 16 e N e A O A N A N A A VA AV AV NV VA REVAR IR
PFC4 R/W | 0000y 16 — NN NN N YN N YN N YN N Y
PFCE4 R/W | 0000y 16 e H VN T A VA VO VAR VA AV VA VAR RV NEVAR NEVA VAN BEVAN BN
PNOT4 w 00004 16 e H VT A VA VO VAR VA AV VA VAR VAR NEVAR NEVAN VAN BEVAR IR
PFCAE4 R/W | 0000y 16 e IV A A VAR VAR VA AV VA VAR NEVA NEVAR NEVAR VAN RV IR
PMSR4 R/W | 0000 FFFFy | 32 — NN NN N YN N Y Y Y [N [N Y | Y| Lower 16 bits
— [V VN NN N NN NN Y [N [ Y | Y| Upper 16 bits
PMCSR4 R/W | 00000000, | 32 — [N NN NN N YN Y YN [ Y | Y| Lower 16 bits
— | NV NNV Y NN Y NN Y [N N | Y| upper 16 bits
PIBC4 R/W | 0000y 16 e H VT A VA VO VAR VA AV VA VAR VAR NEVAR NEVAN VAN BEVAR IR
PBDC4 R/W | 0000y 16 e IV A A VO VAR VA AV VA VAR NEVA NEVAR NEVAR VAR RV IR
PIPC4 R/W | 0000y 16 — === =|=|—=|=]|—=|¥ | ¥ [¥ [V [N |¥ |V
PU4 R/W | 0000y 16 e N A O N N N VA VA AV HEVA NV VA BEVAR IR
PD4 R/W | 0000y 16 e 1 1V A AV VO VAR VA IRV VAN NV NEVON VAR RN
PODC4 R/W | 0000 0000y | 32 — | NN NN N YN N YN Y [N [N Y | Y| Lower 16 bits
- === |—-/—-|—|—-]|—|1—|—1]1—1|—|— | — | Upper 16 bits
PDSC4 R/W | 0000 0000, | 32 — NN NN YN N Y Y Y [N [N Y | Y| Lower 16 bits
- - === |—|—|—|—|—|— 11— 1|—|— | Upper 16 bits
PUCC4 R/W | 0000 0000, | 32 — NN NN N YN N Y Y Y [N [N Y | Y| Lower 16 bits
- —]———|—|—|—|—|—|—|—|—|—|— | — | Upper 16 bits
PISA4 R/W | 0000y 16 — =V [N =Y V==Y N NN NN
PODCE4 R/W | 0000 0000y | 32 — | NN NN N YN N Y Y Y [N [N Y | Y| Lower 16 bits
- 11— 1—{—|—|—|—1—|—1|—|—|— | — | Upper 16 bits
PINV4 R/W | 0000 0000, | 32 — NN NN N YN N Y Y Y [N [N Y | Y| Lower 16 bits
- === |—|—|—|—|—|— 11— 1|—|— | Upper 16 bits
PCR4_0 R/W | 00000010y | 32 — == N | === V| =N V| ~N|=]]| || Lower16hbits
— | N | = NN =] NN =N | == V]|~V N]| N | Upper 16 bits
PCR4_1 R/W | 000000104 | 32 — | == V=== V| = | N|]N|=]~] ]| N | Lower16 bits
— | N = NN =| NN =N == ]| ]| N | Upperi6 bits
PCR4_2 R/W | 00000010, | 32 — | == V===V |=| V| N ~N|=]Yv]| ]| | Lower16 bits
— | N = NN =| NN === V]| ]| | Upper16 bits
PCR4_3 R/W | 00000010y | 32 — | == N | === V| =[N V| ~N|=]]| || Lower16bits
— | N | = NN =] NN =N | == V|| ]| N | Upper 16 bits
PCR4_4 R/W | 00000010, | 32 — | == V=== V| = | N N|—=] ]| N | Lower16 bits
— | N = NN =] NN =N == V]| N]| N | Upperi6 bits
PCR4_5 R/W | 00000010, | 32 — | == V===V |=| V| N ~N|=]~v]| ]| | Lower16 bits
— | N = NN =| NN === V]| ]| | Upper16 bits
PCR4_6 R/W | 00000010y | 32 — | == N | === V| =[N V| ~N|=]]| || Lower16bits
— | N | = NN =] NN =N | == V|| ]| N | Upper 16 bits
PCR4_7 R/W | 00000010, | 32 — | == V===V |—=| | =] |—=] Y]] | Lower16 bits
— | N = NN | —=| NN =] === V]| Y| ]| N | Upperi6 bits
PCR4_8 R/W | 00000010, | 32 — | == V===V |=| V| =] |—=]+¥]|~N]| | Lower16 bits
— | N = NN =| NN =] =|=]=| ]| ]| ]| | Upperi6 bits
PCR4_9 R/W | 00000010y | 32 — | ==V |=| == V| === ]| ~|~| Lower16hbits
— | N | = NN =] NN =N | == V|| ]| N | Upper 16 bits
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Table 2.40 List of Registers in Port Group 4 (2/2)

Port Group Register Value after Access G
Name Name R/W | reset Size 15|14 (13|12 |11 (10| 9 8 7 6 5 4 3 2 1 0 Remarks
4 PCR4_10 R/W | 000000104 | 32 — | == V===V |=| | =] |—=]~]| ]| N | Lower16 bits
— | N | = NN =] NN = | == V|| ]| N | Upper 16 bits
PCR4_11 R/W | 00000010, | 32 — | == V===V |—=| | =] |—=] Y]] | Lower16 bits
— N = NN =[N N | =|=|=]=] ]| | V|V |Upper16bits
PCR4_12 R/W | 00000010, | 32 — | == V===V |=| V| =] |—=]+v]| ]| V| Lower16 bits
— | N = NN =| NN === V]| ]| | Upper16bits
PCR4_13 R/W | 000000104 | 32 — | == V| ===V |=| | =] |—=]~] ]| N | Lower16 bits
— | N | = NN =| NN =N | == V|| ]| N | Upper 16 bits
PCR4_14 R/W | 00000010, | 32 — | == V===V |—=| | =] |—=] Y]] | Lower16 bits
— N = NN =[N N |=|=|=]=] ]| ]| V|V |Upper16bits
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Table 2.41 List of Registers in Port Group 5 (1/2)

Port Group Register Value after Access G
Name Name R/W | reset Size 15 (14 (13 |12 |11 |10 | 9 8 7 6 5 4 3 2 1 0 Remarks
5 P5 R/W | 0000y 16 RV RV NV I VA VAR N AV NEVAR BV RN RV IRV A VA I
PSR5 R/W | 0000 0000y | 32 NN N NN NN Y [N NN Y Y [N [N | Y| Lower 16 bits
NN [N N Y Y N Y Y [N Y Y [N Y | Y[ Y| upper 16 bits
PPR5 R 00004 16 R O A N N T IV AV EEV A A A BV R N I I
PM5 RIW | FFFFy 16 S S VA VA VA NV (VA VAR NEVOR NV NV (VAR BV NEVA VAR
PMC5 R/W | 0000y 16 S S VA VA VA NV (VA VR HEVOR NV NV (VA NSV NEVA VAR
PFC5 R/W | 0000y 16 VR EEV NV VA AV EEVARS IO ARV REVAR IRV VAN ISV e N R
PFCES5 R/W | 0000y 16 NN Y NN N Y NN N Y Y YN Y
PNOTS5 w 00004 16 F U O R N A N I A A AN A A A VA BV NV A
PFCAE5 R/W | 0000y 16 R O A N N T IV AV EEV A A A BV R N I I
PMSR5 R/W | 0000 FFFFy | 32 NN N NN N NN Y Y Y N Y Y [V [ V| Lower 16 bits
VN NN Y Y Y NN Y [N [ Y Y NN | Y| upper 16 bits
PMCSR5 R/W | 00000000, | 32 NV NN Y Y N Y YN Y YN [ Y Y | Y| Lower 16 bits
NN [N N Y Y N Y Y [N Y Y YN | Y[ Y| upper 16 bits
PIBC5 R/W | 0000y 16 F U O R N A N I A A AN A A A VA BV NV A
PBDCS5 R/W | 0000y 16 R O A N N T IV AV EEV A A A BV R N I I
PIPC5 R/W | 0000y 16 S VA VA VAR VA NV (VAR VAR NEVAR NEVAN (VAR VA Q) RV VA
PUS R/W | 0000y 16 S S VA VA VA NV (VA VA VAR NV NV (VA NSV NEVA VAR
PD5 R/W | 0000y 16 RV RV NV I VA VAR N AV NEVAR BV RN RV IRV A VA I
PODCS5 R/W | 0000 0000y | 32 NN N NN N NN NN N Y Y [N [N | Y| Lower 16 bits
- === |—-/—-|—|—-]|—|1—=|—1]1—1|—|— | — | Upper 16 bits
PDSC5 R/W | 0000 0000, | 32 NN N NN N Y Y NN N Y Y [N [N | Y| Lower 16 bits
- === |—|—|—|—|—|— 11— 1|—|— | Upper 16 bits
PUCC5 R/W | 0000 0000, | 32 NN N NN N NN Y YN [N Y Y [V [ V| Lower 16 bits
- —|———|—|—|—|—|—|—|—|—|—|— | — | Upper 16 bits
PODCES5 R/W | 0000 0000y | 32 NN N NN N N Y [N N N Y Y [N [N | Y| Lower 16 bits
- === |—-/—-|—|—-]|—|1—|—1]1—1|—|— | — | Upper 16 bits
PINV5 R/W | 0000 0000y | 32 NN N NN N Y Y NN N Y Y [N [N | Y| Lower 16 bits
- === |—|—|—|—|—|— 11— 1|—|— | Upper 16 bits
PCR5_0 R/W | 00000010, | 32 — | == V===V |=| V| =] |—=]+¥]|~N]| | Lower16 bits
— | N = NV =| NN =] =|=]=| ]| ]| ]| | Upper16 bits
PCR5_1 R/W | 000000104 | 32 — | == V===V |=| | N|]N|=]~] ]| N | Lower16 bits
— | N | = NN | = NN =] === V| ]| ]| N | Upper 16 bits
PCR5_2 R/W | 00000010, | 32 — | == V===V |—=| | N N|—=]~v]| ]| | Lower16 bits
— N = NN =[N N | =|=|=]=] ]| | V|V |Upper16bits
PCR5_3 R/W | 00000010y | 32 — == N | === V| === ]|~ || Lower16hbits
— | N = NN =| NN =]=]|=]=| ]| ]| ]| | Upperi6 bits
PCR5_4 R/W | 000000104 | 32 — | == V=== V| = | N|]N|=]~] ]| N | Lower16 bits
— | N = NN | =| NN =] ===V Y| ]| N | Upperi6 bits
PCR5_5 R/W | 00000010, | 32 — | == V===V |—=| | N ~N|—=]~v]| ]| | Lower16 bits
— N = NN =N N |=|=|=]=] ]| | V|V |Upper16bits
PCR5_6 R/W | 00000010y | 32 — == N | === V| =N V| N|=]]| || Lower16hbits
— | N = NN =| NN =]=|=]=| ]| ]| ]| N | Upperi6 bits
PCR5_7 R/W | 000000104 | 32 — | == V===V |=| | N|]N|=]~] ]| N | Lower16 bits
— | N = NN | =| NN =] === V]| ¥ N]| N | Upperi6 bits
PCR5_8 R/W | 00000010, | 32 — | == V===V |—=| | N ~N|—=] ]| | Lower16 bits
— N = NN = N[N | =|=|=]=] ]| | V|V |Upper16bits
PCR5_9 R/W | 00000010y | 32 — == N | === V| =N V| ~N|=]]| || Lower16hbits
— | N = NN =| NN =]=|=]=| ]| ]| ]| N | Upperi6 bits
RO1UHO0585EJ0120 Rev.1.20 T{ENESAS Page 146 of 3121

Mar 23, 2018



RH850/P1M-E Section 2 Pin Functions

Table 2.41 List of Registers in Port Group 5 (2/2)

Port Group Register Value after Access G
Name Name R/W | reset Size 15|14 (13|12 |11 (10| 9 8 7 6 5 4 3 2 1 0 Remarks
5 PCR5_10 R/W | 000000104 | 32 — | == V===V |=| | N|]N|=]~]| ]| N | Lower 16 bits
— | N | = NN =] NN =] === V| ]| ]| N | Upper 16 bits
PCR5_11 R/W | 00000010, | 32 [ - — — | N =[N NN =] V| V]| V| Lower 16 bits
— N = NN =[N N | =|=|=]=] ]| | V|V |Upper16bits
PCR5_12 R/W | 00000010, | 32 — | == V===V |=| V| N ~N|=]Yv]| ]| | Lower16 bits
— | N = NN =| NN =]=|=]=| ]| ]| ]| | Upperi6 bits
PCR5_13 R/W | 000000104 | 32 — | == V===V |=| | N|]N|=]~] ]| N | Lower 16 bits
— | N | = VN | =| NN =] === V]| ]| ]| N | Upper 16 bits
PCR5_14 R/W | 00000010, | 32 [ - — — | N =[N NN =] V| V]| V| Lower 16 hbits
— N = NN =[N N |=|=|=]=] ]| ]| V|V |Upper16bits
PCR5_15 R/W | 00000010, | 32 — | == V===V |=| V| N|]N|=]+v]|—=1] | Lower16 bits
— | N = NN =| NN =] =|=]=| ]| ]| ]| | Upperi6 bits
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Table 2.42 List of Registers in Port Group JPO

Bitmap
Port Group Register Value after Access
Name Name R/W | reset Size 15 (14 (13 |12 |11 |10 | 9 8 7 6 5 4 3 2 1 0 Remarks
JPO JPO R/W | 00y 8 — === =|=|=|=|=|=|y|=|Y |=1]~ |V
JPSRO R/W | 0000 0000y | 32 — = |=|=|=|=|=|=]|=|=|Y |=1|Y |=]Y |V | Lower16bits
— === |=|—=|=|=]|=1—=|Y |=1|Y |=]+¥ | Y | Upperi6bits
JPPRO R 00y 8 ===l =l=1l=1=1=1~ |~ [~ |~ |~ |V
JPMO RIW | FFy 8 === == ==]=|=|~|=|~ =1~ |V
JPMCO R/W | 00y 8 === =|=|=|=]=|=|=1]=|=1~ |~ [V
JPFCEO R/W | 00y 8 — === =|=|=|=|=|=|=]|=|—=1|+ |~ [V
JPNOTO w 004 8 — | = === |=|=|=|=|=|~Y |=|y [=]|¥ |V
JPMSRO R/W | 0000 00FF | 32 — = |=|=|=|=|=|=]|=|=|Y =Y |=]Y |V | Lower16bits
— = |=|=|=|=|=|=]|=|—=|Y |=1|Y |=]Y | Y | Upper16bits
JPMCSRO R/W | 0000 0000, | 32 — === |=|—=|=|=|=|—|—=|—=1|—=1]Y | ¥ |V | Lower 16 bits
— === =1=|=|=|=1=1|=|—=1—=1Y |~ [+ | Upperi6bits
JPIBCO R/W | 00y 8 — === =|=|=|=|=|—=|y|=|Y¥ |¥ |N |V
JPBDCO R/W | 00y 8 — | = === |=|=|=|=|=|~Y |=|y [=]|¥ |V
JPUO R/W | 00y 8 — | === =|=|=|=|=|=|~ |[=|~ [¥ |~ |V
JPDO R/W | 00y 8 — === =|=|=|=|=|—=|Y |=|~ [¥ |V |V
JPODCO R/W | 0000 0000, | 32 — === |=|—=|=|=]|=|—=|Y |=1|Y |=]Y | Y | Lower16bits
- -1 |—|—|—|—|—|—|— 11— 1|—|— | Upper 16 bits
JPDSCO R/W | 00000000, | 32 — | === 1=|=|=|=|=|—=1Y =Y | =Y | ¥ | Lower16hbits
- - |——-—|—|—|—|—|—|—|—|—|—|— | — | Upper 16 bits
JPUCCO R/W | 0000 0000y | 32 — = |=|=|=|=|=|=]|=|=|Y =Y |=]Y |V | Lower16bits
- -1 |—|—|—|—|—|—|—1]—|—|— | Upper 16 bits
JPISAQ R/W | 00y 8 == === === |=1|~|=/|~ |~ |~ |V
JPCRO_0 R/W | 00000010, | 32 — | ==V |=|=|=|V|=| V| =] |—=]|—=]+]|— 1 Lower 16 bits
— == N | == | N]|=|N|—=]—=] ]| ||~ | Upperi6 bits
JPCRO_1 R/W | 000000104 | 32 — | == V| ===V |=| | =] |—=]|—=]F|— Lower 16 bits
— | == V== NN ===~ N]| N |Upperi6 bits
JPCRO_2 R/W | 00000010, | 32 — |- = === —=| v |—=| Y| —=]—=|—=]|—=] | — | Lower 16 bits
— | == ==|=1=|=|=| Y| =]—=1| Y| ¥ ]|—=1] | uUpper 16 bits
JPCRO_3 R/W | 00000010, | 32 — | ==V |=|=|=|V|=|=|=] Y |—=]|—=]|—=]— Lower 16 bits
— | == V== NN |=| | == v]| ]| | Uupperi6 bits
JPCRO_4 R/W | 00000010y | 32 — === =|=|=| Y| =|=|=1—=|—=|—=1—=1— Lower 16 bits
- —==1=/—=|—|—=|—|1—|—=1]—|1—=1|—1—| — | Upper 16 bits
JPCRO_5 R/W | 00000010, | 32 — |- —={ V===V |—=|—=|—=] Y |—=]|—]|—1— Lower 16 bits
— == N | == | V| = ~N|=]=| ]| ~N| | Upperi6bits
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25 DNF

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

251 Example of Noise Elimination

Figure 2.9 shows an example of noise elimination in peripheral function DNF and edge detection
DNF. In this example, the sampling clock, the sampling count, and the current output level are set to
1/2 of the DNF input clock, two (twice), and low, respectively. “o” in the figure means that high level
is detected.

In input examples 1, 2, and 3, in which the same level is detected twice consecutively, the change in the
input signal is output internally.

In input examples 4, 5, and 6, in which the same level is not detected twice consecutively, input signal
is regarded as noise and eliminated. Therefore, no change in the internal output is found.

owemoces [ | [T owmnees [T UL

Sampling clock

Sampling clock

Input example 1 Input example 4 ;

E Input example 5 I E E
Input example 3 . | i | i . Input example 6 5 | | .
! 1 — e

Input example 2 i i

Output Output

Figure 2.9 Timing Chart of Digital Noise Elimination
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2.6  Noise Filter and Edge Level Detection Circuit

Some signals that are input to a pin pass the filter to eliminate noises and glitches. This product
supports both analog filter and digital filter.

Additionally, the product also supports the function of detecting an edge or level after a pass through a
filter.

The first section describes port input signals to which filters are allocated and the types of the filters,
the noise filter and edge level detection control register and its control bits, and an overview of the
register address and others.

For details about the digital/analog filter function and the noise filter and edge level detection control
register, see Section 2.6.1, Allocation of Port Filters.

2.6.1 Allocation of Port Filters

The following is a list of input pins that have analog filter or digital filter.
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2.6.2 Filter Type

2.6.2.1 Digital Filter Type A (INTP/RXD Alternative) Input Pin

The input pin of digital filter type A has a digital filter and the edge detection function. The digital filter
and edge detection are controlled with the following registers. Interrupt signals and data received
signals of peripheral functions are shared.

o Filter control register FCLANCTLm
Ports with each digital filter have the dedicated FCLANCTLm register.

e Digital noise elimination control register DNFANCTL
Each DNFANCTL control register controls digital filter processing.

o Digital noise elimination enable register DNFANEN
The register enables or disables digital noise elimination.

Data received signal
of peripheral function

DNFANEN.DNFANNFENLmM

Input signal (O) Digital filter »| Edge detection 1
Interrupt
fs controller
L'—=0
DNFATCKI Prescaler
Figure 2.10  Block Diagram of Digital Filter Type A
CAUTION
Set DNFANEN.DNFANNFENLmM to 1 to enable input to interrupt controller.
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2.6.2.2 Digital Filter Type B (INTP/ESO Alternative) Input Pin

The input pin of digital filter type B has a digital filter, analog filter, and the edge detection function.
The digital filter and edge detection are controlled with the following registers. Interrupt signals and
Hi-Z output control signals are shared.

e Filter control register FCLANCTLm

Ports with each digital filter have the dedicated FCLANCTLm register.

¢ Digital noise elimination control register DNFAnCTL

Each DNFANCTL control register controls digital filter processing.

o Digital noise elimination enable register DNFAnNEN
The register selects a digital filter or analog filter.

()

TAPA

Hi-z output
control circuit

FCLAOCTLmM.FCLANBYPSm

1

DNFANEN.DNFANNFENLmM

Interrupt
controller

1
0
Input signal ©) Digital filter Edge detection
fS
DNFATCKI Prescaler
—{ Analog filter Edge detection
Figure 2.11 Block Diagram of Digital Filter Type B
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2.6.2.3 Digital Filter Type C (for INTP9 and NMI) Input Pin

The input pin of digital filter type C has a digital filter and the edge detection function. The digital filter
and edge detection are controlled with the following registers.

o Filter control register FCLANCTLm
Ports with each digital filter have the dedicated FCLANCTLm register.

o Digital noise elimination control register DNFANCTL
Each DNFANCTL control register controls digital filter processing.

o Digital noise elimination enable register DNFAnEN
The register enables or disables digital noise elimination.

DNFANEN.DNFANNFENLmM
Input signal @————{ Digital filter »| Edge detection 1
Interrupt
fs controller
L"—0
DNFATCKI Prescaler
Figure 2.12  Block Diagram of Digital Filter Type C
CAUTION
Set DNFAnNEN.DNFANNFENLmM to 1 to enable input to interrupt controller.
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2.6.2.4 Digital Filter Type D (for SENT, PSI5) Input Pin

The input pin of digital filter type D has a digital filter and analog filter. The digital filter and analog
filter are controlled with the following registers.

o Filter control register FCLANCTLm
The dedicated FCLANCTLm register is available for each port with digital filter.

o Digital noise elimination control register DNFANCTL
Each DNFANCTL control register controls digital filter processing.

o Digital noise elimination enable register DNFAnEN
The register selects a digital filter or analog filter.

SENT/
Input signal (O) Digital filter PSI5
* fg FCLAOCTLM.FCLANBYPSm
DNFANEN.DNFANNFENLm
DNFATCKI Prescaler
Analog filter |
Figure 2.13 Block Diagram of Digital Filter Type D
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2.6.2.5 Digital Filter Type E (No Edge Detection) Input Pin
The input pin of digital filter type E has a digital filter. The digital filter is controlled with the following
register.
o Digital noise elimination control register DNFAnCTL
Each DNFANCTL control register controls digital filter processing.

o Digital noise elimination enable register DNFAnNEN
This register enables or disables digital noise elimination.

DNFANEN.DNFANNFENLmM

Input signal ©——{ Digital filter 1
Peripheral
A function
“L 0
DNFATCKI Prescaler

Figure 2.14  Block Diagram of Digital Filter Type E

2.6.2.6  Digital Filter Type F (No Edge Detection) Input Pin
The input pin of digital filter type F has a digital filter. The digital filter is controlled with the following
register.
o Digital noise elimination control register DNFANCTL
Each DNFANCTL control register controls digital filter processing.

e Digital noise elimination enable register DNFAnEN
This register enables or disables digital noise elimination.

DNFANEN.DNFANNFENLmM

Input signal (O) Digital filter 1
Peripheral
11 function
0
DNFATCKI Prescaler

Figure 2.15 Block Diagram of Digital Filter Type F
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2.6.2.7 Analog Filter ANF Input Pin

The analog filter input pin has only an analog filter.

Input signal ©Q——

Analog filter

— Peripheral function

Figure 2.16  Block Diagram of Analog Filter ANF
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2.6.3

2.6.3.1

Registers

List of Registers

The digital noise filter is controlled and operated by the following registers.

Table 2.51 List of Digital Noise Filter Registers

Register Name Symbol Address

Filter control register FCLANCTLmM See Table 2.50, List of Input Pins with
a Noise Filter.

Digital noise elimination control register DNFANCTL FFC3 0000y + n x 100y

Digital noise elimination enable register DNFANEN FFC3 0000y + n x 100y + 4y

Digital noise elimination enable register L DNFANENL FFC3 0000y + n x 100y + Cy

Digital noise elimination sampling clock source DNFCKSnC See Section 2.6.3.6, DNFCKSnC —

select register Digital Noise Elimination Sampling
Clock Source Selection Register.

Digital noise elimination sampling clock source DNFCSCnSTAT  See Section 2.6.3.7, DNFCSCnSTAT —

status register

Digital Noise Elimination Sampling
Clock Source Status Register.

CAUTIONS

1. Do not change any setting of any related control register (FCLANCTLm,
DNFANCTL, DNFAnNEN, DNFANENL, and DNFCKSnC) while the digital filter is
enabled (DNFANEN.DNFANNFENLm = 1). Attempting to change any of the settings
may lead to unexpected output from the filter.

2. Each of the registers has bits to which no function is assigned. Unless otherwise
specified, do not write any value other than the initial value to these bits. Correct
operation cannot be guaranteed if writing of other values is attempted.
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2.6.3.2 FCLANnCTLm — Filter Control Register
This register controls the analog and digital filter operation.
Operations differ according to the filter type. For details, see Section 2.6.2, Filter Type.
Access:  This register can be read/written in 8-bit or 1-bit units.

Address:  See Table 2.50, List of Input Pins with a Noise Filter.

Value after reset: 00y

Bit 7 6 5 4 3 2 1 0
FCLANBYPSm — — — — — FCLANINTFm | FCLANINTRm
Value after reset 0 0 0 0 0 0 0 0
R/W R/W R R R R R R/W R/W

Table 2.52 FCLANCTLm Register Contents

Bit Position Bit Name Function

7 FCLANBYPSm Filter and bypass control of the alternative function
0: Filters and bypasses are disabled.
1: Filters and bypasses are enabled.

6to2 Reserved When read, the value after reset is read. When writing, write the value after
reset.
1 FCLANINTFm Falling edge detection control

0: Falling edge detection disabled
1: Falling edge detection enabled

0 FCLANINTRm Rising edge detection control
0: Rising edge detection disabled
1: Rising edge detection enabled

NOTE

For details about the relevant Pins, see Table 2.50, List of Input Pins with a Noise Filter.
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2.6.3.3 DNFANCTL — Digital Noise Elimination Control Register
This register specifies characteristics of the digital noise elimination filter.
Access:  This register can be read/written in 8-bit units.

Address:  See Table 2.50, List of Input Pins with a Noise Filter.

Value after reset: 00y

Bit 7 6 5 4 3 2 1 0
— DNFANNFSTS[1:0] — — DNFANPRS[2:0]
Value after reset 0 0 0 0 0 0 0 0
R/W R R/W R/W R R R/W R/W R/W

Table 2.53 DNFANCTL Register Contents

Bit Position Bit Name Function
7 Reserved When read, the value after reset is read. When writing, write the value after
reset.
6,5 DNFANNFSTS The DNFANNFSTS[1:0] bits specify the number of samples used to judge
[1:0] whether an external signal pulse is valid.

DNFANNFSTS[1:0] Number of Samples
00g 2
0lg 3
10g 4
11g 5

4,3 Reserved When read, the value after reset is read. When writing, write the value after

reset.
2t00 DNFAnPRS Selects a digital filter sampling clock frequency
12:0] DNFANPRS[2:0] Sampling Frequency

000g DNFATCKI / 1
001g DNFATCKI / 2
010g DNFATCKI / 4
011g DNFATCKI / 8
100g DNFATCKI / 16
101 DNFATCKI / 32
110g DNFATCKI / 64
111g DNFATCKI / 128

NOTE

For details about the relevant Pins, see Table 2.50, List of Input Pins with a Noise Filter.
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DNFANEN — Digital Noise Elimination Enable Register

This register enables or disables digital noise elimination for an arbitrary input signal.

2.6.34

Operations differ according to the filter type. For details, see Section 2.6.2, Filter Type.

Access:  This register can be read/written in 16-bit units.
Address:  See Table 2.50, List of Input Pins with a Noise Filter.
Value after reset: 0000y
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DNFAnN | DNFAN | DNFAN | DNFAN | DNFAn | DNFAN | DNFAN | DNFAn
- - - - - - - ~ INFENL7NFENLENFENLSNFENLANFENL3NFENL2NFENLINFENLO
Value after reset 0 0 0 0 0 0 0 0 0
RW R R R R R R R R RW RW RW RW RW RW RW RW
Table 2.54 DNFANEN Register Contents
Bit Position Bit Name Function
15t0 8 Reserved When read, the value after reset is read. When writing, write the value after
reset.
7t00 DNFANNFENL Digital Noise Elimination Control
[7:0] 0: Digital noise elimination disabled (Analog noise elimination is enabled.)*1
1: Digital noise elimination enabled
Note 1. For digital filter Type B and D

NOTE

e For details about the relevant Pins, see Table 2.50, List of Input Pins with a Noise Filter.

¢ Bits DNFANNFENL([7:0] which are not listed in Table 2.59, List of Input Pins with a Noise Filter
are reserved. When read, the value after reset is read. When writing, write the value after reset.

DNFANnENL — Digital Noise Elimination Enable Register
This register corresponds to the lower 8 bits of the DNFANEN register.

2.6.35

Access:  This register can be read/written 8- and 1- bit units.
Address:  FFC3 00004 + n x 1004 + Cy
Value after reset: 00y

Bit 7 6 5 4 3 2 1 0
DNFARN DNFAN DNFARN DNFAnN DNFAN DNFAN DNFAN DNFAN
NFENL7 NFENL6 NFENLS NFENL4 NFENL3 NFENL2 NFENL1 NFENLO

Value after reset 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

For details of the respective bit functions, see Section 2.6.3.4, DNFAnEN — Digital Noise
Elimination Enable Register.
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2.6.3.6 DNFCKSnC — Digital Noise Elimination Sampling Clock Source Selection Register

This register selects the clock source for digital noise sampling clock frequency (DNFATCKI). (n =
100 to 114)

Access:  This register can be read / written in 32-bit units.

Address: DNFCKS100C FFF8 9120
DNFCKS101C FFF8 9128,
DNFCKS106C FFF8 9130y
DNFCKS107C FFF8 9138,
DNFCKS108C FFF8 9140
DNFCKS109C FFF8 9148,
DNFCKS110C FFF8 9150y
DNFCKS112C FFF8 9158
DNFCKS113C FFF8 9160y
DNFCKS114C FFF8 9168y
DNFCKS104C FFF8 9170y
DNFCKS105C FFF8 9178y
DNFCKS102C FFF8 9180y

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 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
— — — — — — — — — — — — — CKSCn [1:0] —

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/W R/W R

Table 2.55 DNFCKSnC Register Contents

Bit Position Bit Name Function

31to3 Reserved When read, the value after reset is read. When writing, write the value after
reset.

2,1 CKSCn[1:0] These bits specify the sampling frequency of the source clock used to judge

whether an external signal pulse is valid.

CKSCn1l CKSCnO Sampling Clock Source

0 0 Setting prohibited

0 1 Selects a clock source for digital filter sampling clock
frequency (DNFATCKI). DNFATCKI differs depending on
1 0 the relevant input signal. For details, see Table 2.50, List of
1

1 Input Pins with a Noise Filter.

0 Reserved When read, the value after reset is read. When writing, write the value after
reset.
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2.6.3.7
Register

DNFCSCnSTAT — Digital Noise Elimination Sampling Clock Source Status

This register is used to check the status of the sampling clock source for digital noise sampling clock
(DNFATCKI). (n =100 to 114)

Value after reset:

Access:

Address:

This register can be read only in 32-bit units.

DNFCSC100STAT FFF8 9124,
DNFCSC101STAT FFF8 912Cy
DNFCSC106STAT FFF8 9134,
DNFCSC107STAT FFF8 913Cy
DNFCSC108STAT FFF8 9144,
DNFCSC109STAT FFF8 914Cy
DNFCSC110STAT FFF8 9154
DNFCSC112STAT FFF8 915Cy,
DNFCSC113STAT FFF8 9164y
DNFCSC114STAT FFF8 916Cy
DNFCSC104STAT FFF8 9174,
DNFCSC105STAT FFF8 917Cy
DNFCSC102STAT FFF8 9184,

0000 0003y

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Value after reset 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
— - =- === =-1=1=1|-1|-=1-1 — |ctkseno | &5
Value afterreset 0
RW R R R R R R R R R R R R R R R R
Table 2.56 DNFCSCnSTAT Register Contents
Bit Position Bit Name Function
31to3 Reserved When read, the value after reset is read.
2,1 CLKSELN[1:0] Sampling clock source selected can be checked.
CKSCn1l CKSCnO Sampling clock source
0 0 Setting prohibited
0 1 Clock source (DNFATCKI) selected by the DNFCKSnC
Register can be checked. DNFATCKI differs depending on
1 0 the relevant input signal. For details, see Table 2.50, List of
1 1 Input Pins with a Noise Filter.
0 CLKACTNn Operation of clock source selected by the DNFCKSnC Register can be

checked.

0: The clock source stops
1: The clock source in operation
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2.6.4 Notes for Digital Noise Filter

(1) When digital filter output signal is input for alternative function:
Enable the digital filter (DNFANEN.DNFAnRENm (m =0 to 7) = 1), and switch the port pin to
alternative function after a lapse of the following time.

s = DNFANNFSTS[1:0] + 2
Time =s x 1/fs + 2 x 1/DNFATCKI

(2) When an event output signal of the digital filter is used as an interrupt:
Enable the digital filter (DNFANEN.DNFANENm (m = 0 to 7) = 1 while interrupt is disabled.
Enable the digital filter and clear the interrupt request flag after a lapse of the following time, then
enable the interrupt.

Time = s x 1/fs + 3 x 1/DNFATCKI
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2.7

Pin State

Table 2.57, Table 2.58, and Table 2.59 show detailed pin states. Some pins may not be included
depending on grades and packages of the product. For the pins included in each product, see Table
2.1, Pin Assignment, in Section 2.1, Pin Connection Diagrams.

Table 2.57 Pin State in Single Chip Mode (Normal Mode)
DCUTRST =L
OPJTAG/ RESET pin = L
OPEVTI/ Power Reset RUN
Port | Pin Category OPEVTO OFF Power ON Release*! Field BIST (User program) | CVM Reset
GPIO — — Hi-Z Hi-Z Hi-Z Operate Hi-Z
JP0O_Oto OPJTAG =00 — Hi-Z Hi-Z Hi-Z Operate Hi-Z
JPO_3,JP0_5
DCUTDI OPJTAG =11 —
DCUTDO
DCUTCK
x, DCUTMS
o JE—
& | DCUTRDY
LPDI OPJTAG =01 —
LPDO
LPDCLK
JPO_3
LPDCLKOUT
« | GPIO OPEVTI=1 — Hi-Z Operate Hi-z
| (EVTl)
g
EVTI OPEVTI =0 —
RESET — — L H H H H
(PD) (PD) (PD) (PD) (PD)
ERROROUT — — Hi-Z before L L Operate Hi-Z
RESET is
released.
RESETOUT OPEVTO =1 or — L L L H*4 L
(/GPIO) DCUTRST =L (set “High” by
gl user program)
g EVTO OPEVTO =0 — N.A. N.A. N.A. N.A. N.A.
and
DCUTRST =H
CVMOUT - — L — H*2 H H H L
FLMDO*3 — — L L L L L
(PD) (PD) (PD) (PD) (PD)
< | FLMD1(/GPIO) — — Hi-z Hi-z Hi-z Operate** Hi-z
o
o
X1/X2 — — Stop — Run Run Run Run Run
ANI — — Hi-Z Hi-Z Hi-Z Operate Hi-Z
DCUTRST — — L L L L L
(PD) (PD) (PD) (PD) (PD)
Note 1. The states listed in the table are those following release from a pin reset, ECM reset, SW reset, or CVM
reset.
Note 2.  Once CVMOUT is driven high, it continues to reflect the voltage status even if the RESET pin is driven low.
Note 3.  Drive FLMDO low.
Note 4.  This pin functions as a port pin.
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Table 2.58 Pin State in Single Chip Mode (Debug Mode)
DCUTRST = H
OPJTAG/
OPEVTI/ Debugger
Port | Pin Category OPEVTO RUN RESET pin =L Reset Release*! Initiated Reset CVM Reset
GPIO — Operate Hi-Z Hi-Z Hi-Z Hi-Z
JPO_0 to OPJTAG =00 N.A. N.A. N.A.
JP0_3, JPO_5
DCUTDI OPJTAG =11 Operate (If JTAG is selected based on OPJTAG setting.) Operate Operate
DCUTDO
DCUTCK
x| DCUTMS
o JE——
Z | DCUTRDY
LPDI OPJTAG =01 Operate (If LPD4P is selected based on OPJTAG setting.)
LPDO
LPDCLK
JPO_3 Operate Hi-Z Hi-Z Hi-Z Hi-Z
LPDCLKOUT Operate (if LPD4P is selected based on OPJTAG setting) Operate Operate
GPIO OPEVTI=1 Operate Hi-Z Hi-Z Hi-Z Hi-Z
Q| (EVTI)
I
g EVTI OPEVTI=0 Operate (If EVTI is selected based on OPEVTI setting.) Operate Operate
RESET — H L H H H
(PD) (PD) (PD) (PD) (PD)
ERROROUT — Operate Hi-Z L L Hi-Z
RESETOUT OPEVTO=1o0r | H*2 L L L L
(/GP10O) DCUTRST =L | (Setto “High” by
S user program)
I
g | Evio OPEVTO =0 Operate (If EVTO is selected based on OPJTAG setting.) Operate Operate
and
DCUTRST = H
CVMOUT — H H H L L
FLMDO*3 — L L L L L
(PD) (PD) (PD) (PD) (PD)
< | FLMD1(/GPIO) _ Operate*? Hi-Z Hi-Z Hi-Z Hi-z
o
o
X1/X2 — Run Run Run Run Run
ANI — Operate Hi-Z Hi-Z Hi-Z Hi-Z
DCUTRST — H H H H H
(PD) (PD) (PD) (PD) (PD)
Note 1.  The states listed in the table are those following release from a pin reset, debug reset, ECM reset, SW reset,

or CVM reset.

Note 2.
Note 3.

This pin functions as a port pin.
Drive FLMDO low.
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Table 2.59 Pin State in Serial Programming Mode
DCUTRST =L
OPJTAG/ RESET pin = L
OPEVTI/ Power RUN
Port | Pin Category OPEVTO OFF Power ON Reset Release (Serial Programming Mode)
GPIO — — Hi-Z Hi-Z Operate
«< JTAG PORT OPJTAG = xx — Hi-Z Hi-Z Operate
o | (FLSCI3RXD (FPDR)/
& | FLSCI3TXD (FPDT)/
FLSCI3SCKI (FPCK))
@ | GPIO OPEVTI =x — Hi-Z Hi-Z Operate as GPIO
EI (EVTI) (not depend on OPEVTI setting)
RESET — — L H H
(PD) (PD) (PD)
ERROROUT — — Hi-Z L Operate
S RESETOUT(/GPIO) OPEVTO =x or — L L L
o DCUTRST = x
o
CVMOUT — — L—-H H H
(masked) * (masked) *
FLMDO*? — — H H H
(PD) (PD) (PD)
% | FLMD1(/GPIO)*2 _ — L L L
o
o
X1/X2 — — Stop— Run Run Run
ANI — — Hi-Z Hi-Z Operate
DCUTRST — — L L L
(PD) (PD) (PD)
Note 1. CVMOUT is masked and outputs high level in serial programming mode.
Note 2.  Drive the FLMDO pin to the high level and the FLMD1 pin to the low level.
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2.8 Handling of Unused Pins

The alternative functions can be selected in the option bytes, please refer Section 35.10.3, OPBT2
— Option Byte 2.

We recommend use of pull-up/-down resistor with the value of 1 kQ or above.
When pull-up/-down resistor is used, connect a resistor between two pins. Do not directly connect the

pins with a wire.

Table 2.60 Handling of Unused Pins (JPO)

Pin Alternative
Name Function Handling of Unused Pins

JPO_O GPI/O Input:
When input buffer is disabled in input port mode (JPIBCO_m=0 and JPMCO0_m=0):
Open
When input buffer is enabled in input port mode or input is selected in S/W I/O control alternative mode
(JPIBCO_m =1 or JPMCO_m = 1):
Connected to E1VCC or E1VSS through resistor
Output: Open

DCUTDI Connected to E1VCC through resistor
LPDI Open

JPO_1 GPI/O Input:
When input buffer is disabled in input port mode (JPIBCO_m=0 and JPMCO0_m=0):
Open
When input buffer is enabled in input port mode or input is selected in S/W I/O control alternative mode
(JPIBCO_m=1 or JPMCO_m=1):
Connected to E1VCC or E1VSS through resistor
Output: Open

DCUTDO Open
LPDO Open

JPO_2 GPI Input:
When input buffer is disabled in input port mode (JPIBCO_m=0 and JPMCO0_m=0):
Open
When input buffer is enabled in input port mode or input is selected in S/W 1/O control alternative mode
(JPIBCO_m=1 or JPMCO_m=1):
Connected to E1VCC or E1VSS through resistor

DCUTCK Open
LPDCLK Open

JPO_3 GPI/O Input:
When input buffer is disabled in input port mode (JPIBCO_m=0 and JPMCO0_m=0):
Open
When input buffer is enabled in input port mode or input is selected in S/W I/O control alternative mode
(JPIBCO_m=1 or IPMCO_m=1):
Connected to E1VCC or E1VSS through resistor
Output: Open

DCUTMS Connected to E1VCC through resistor
JPO_4 DCUTRST Connected to VSS

JPO_5 GPI/O Input:
When input buffer is disabled in input port mode (JPIBCO_m=0 and JPMCO0_m=0):
Open
When input buffer is enabled in input port mode or input is selected in S/W 1/O control alternative mode
(JPIBCO_m=1 or JPMCO_m=1):
Connected to E1VCC or E1VSS through resistor
Output: Open

DCUTRDY Open
LPDCLKOUT Open
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Table 2.61 Handling of Unused Pins (P0) (1/2)

Pin
Name

Alternative
Function

Handling of Unused Pins

PO_0
PO_1
PO_2

GPI/O

Input:
When input buffer is disabled in input port mode (PIBCn_m=0 and PMCn_m=0):
Open
When input buffer is enabled in input port mode or input is selected in S/W 1/O control alternative mode
(PIBCn_m=1 or PMCn_m=1):
Connected to E1VCC or E1VSS through resistor
Output: Open

PO_3

GPI/O

Input:
When input buffer is disabled in input port mode (PIBCn_m=0 and PMCn_m=0):
Open
When input buffer is enabled in input port mode or input is selected in S/W I/O control alternative mode
(PIBCn_m=1 or PMCn_m=1):
Connected to E1VCC or E1VSS through resistor
Output: Open

PO_4

GPI/O

Input:
When input buffer is disabled in input port mode (PIBCn_m=0 and PMCn_m=0):
Open
When input buffer is enabled in input port mode or input is selected in S/W 1/O control alternative mode
(PIBCn_m=1 or PMCn_m=1):
Connected to E1VCC or E1VSS through resistor
Output: Open

PO_5

GPI/O

Input:
When input buffer is disabled in input port mode (PIBCn_m=0 and PMCn_m=0):
Open
When input buffer is enabled in input port mode or input is selected in S/W I/O control alternative mode
(PIBCn_m=1 or PMCn_m=1):
Connected to E1VCC or E1VSS through resistor
Output: Open

PO_6

GPI/O

Input:
When input buffer is disabled in input port mode (PIBCn_m=0 and PMCn_m=0):
Open
When input buffer is enabled in input port mode or input is selected in S/W 1/O control alternative mode
(PIBCn_m=1 or PMCn_m=1):
Connected to E1VCC or E1VSS through resistor
Output: Open

PO_7

GPI/O

Input:
When input buffer is disabled in input port mode (PIBCn_m=0 and PMCn_m=0):
Open
When input buffer is enabled in input port mode or input is selected in S/W I/O control alternative mode
(PIBCn_m=1 or PMCn_m=1):
Connected to E1VCC or E1VSS through resistor
Output: Open

PO_8

GPI/O

Input:
When input buffer is disabled in input port mode (PIBCnh_m=0 and PMCn_m=0):
Open
When input buffer is enabled in input port mode or input is selected in S/W 1/O control alternative mode
(PIBCn_m=1 or PMCn_m=1):
Connected to E1VCC or E1VSS through resistor
Output: Open

PO_9

GPI/O

Input:
When input buffer is disabled in input port mode (PIBCn_m=0 and PMCn_m=0):
Open
When input buffer is enabled in input port mode or input is selected in S/W 1/O control alternative mode
(PIBCn_m=1 or PMCn_m=1):
Connected to E1VCC or E1VSS through resistor
Output: Open
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Table 2.61 Handling of Unused Pins (P0) (2/2)

Pin Alternative
Name Function Handling of Unused Pins

PO_10 GPI/O Input:
RESETOUT When input buffer is disabled in input port mode (PIBCn_m=0 and PMCn_m=0):
Open
When input buffer is enabled in input port mode or input is selected in S/W 1/O control alternative mode
(PIBCn_m=1 or PMCn_m=1):
Connected to E1VSS through resistor
Output: Open

EVTO Open

PO_11 GPI/IO Input:
POT Wgen input buffer is disabled in input port mode (PIBCn_m=0 and PMCn_m=0):
- pen
When input buffer is enabled in input port mode or input is selected in S/W 1/O control alternative mode
(PIBCn_m=1 or PMCn_m=1):
Connected to E1VCC or E1VSS through resistor
Output: Open

PO_13 GPI/O Input:
When input buffer is disabled in input port mode (PIBCn_m=0 and PMCn_m=0):
Open
When input buffer is enabled in input port mode or input is selected in S/W I/O control alternative mode
(PIBCn_m=1 or PMCn_m=1):
Connected to E1VCC or E1VSS through resistor
Output: Open

EVTI Open

PO_14 GPI/O Input:
When input buffer is disabled in input port mode (PIBCn_m=0 and PMCn_m=0):
Open
When input buffer is enabled in input port mode or input is selected in S/W 1/O control alternative mode
(PIBCn_m=1 or PMCn_m=1):
Connected to E1VCC or E1VSS through resistor
Output: Open

Table 2.62 Handling of Unused Pins (P1)

Pin Alternative
Name Function Handling of Unused Pins
P10 GPI/O Input:
T When input buffer is disabled in input port mode (PIBCn_m=0 and PMCn_m=0):
- Open
P1 2 When input buffer is enabled in input port mode or input is selected in S/W 1/O control alternative mode
W (PIBCn_m=1 or PMCn_m=1):
- Connected to EOVCC or EQVSS through resistor
P1_4 Output: Open
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Table 2.63 Handling of Unused Pins (P2)

Pin Alternative
Name Function Handling of Unused Pins
P2 0 GPI/O Input:
r When input buffer is disabled in input port mode (PIBCn_m=0 and PMCn_m=0):
- - Open
pP2_2 When input buffer is enabled in input port mode or input is selected in S/W I/O control alternative mode
P2 3 (PIBCn_m=1 or PMCn_m=1):
- Connected to EOVCC or EQVSS through resistor
P2_4 Output: Open
P2_5
P2_6
P2_7
P2_8
P2_9
P2_10
P2_11
P2_12
P2_13
P2_14
P2_15
Table 2.64 Handling of Unused Pins (P3)
Pin Alternative
Name Function Handling of Unused Pins
P3 0 GPI/O Input:
? When input buffer is disabled in input port mode (PIBCn_m=0 and PMCn_m=0):
- Open
P3 2 When input buffer is enabled in input port mode or input is selected in S/W 1/O control alternative mode
P3 3 (PIBCn_m=1 or PMCn_m=1):
- Connected to EOVCC or EQVSS through resistor
P3 4 Output: Open
P3_5
P3_6
P3_7
P3_8
P3_9
P3_10
P3_11 GPI/O Input:
When input buffer is disabled in input port mode (PIBCn_m=0 and PMCn_m=0):
Open
When input buffer is enabled in input port mode or input is selected in S/W I/O control alternative mode
(PIBCn_m=1 or PMCn_m=1):
Connected to E1VCC or E1VSS through resistor
Output: Open
P3_12 GPI/IO Input:
W When input buffer is disabled in input port mode (PIBCn_m=0 and PMCn_m=0):
- Open
P3_14 When input buffer is enabled in input port mode or input is selected in S/W 1/O control alternative mode
(PIBCn_m=1 or PMCn_m=1):
Connected to EOVCC or EQVSS through resistor
Output: Open
FLMD1 Connected to EOVSS through resistor
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Table 2.65 Handling of Unused Pins (P4)

Pin Alternative

Name Function Handling of Unused Pins

P4 0 GPI/O Input:
4p4 1 When input buffer is disabled in input port mode (PIBCn_m=0 and PMCn_m=0):
- Open

P4 2 When input buffer is enabled in input port mode or input is selected in S/W 1/O control alternative mode
W (PIBCn_m=1 or PMCn_m=1):

- Connected to EOVCC or EQVSS through resistor

P4_4 Output: Open

P4_5

P4_6

P4_7

P4_8

P49

P4_10

P4 11

P4 12

P4 13

P4_14

Table 2.66 Handling of Unused Pins (P5)

Pin Alternative
Name Function Handling of Unused Pins
P5 0 GPI/O Input:
r When input buffer is disabled in input port mode (PIBCn_m=0 and PMCn_m=0):
- Open
P5 2 When input buffer is enabled in input port mode or input is selected in S/W 1/O control alternative mode
W (PIBCn_m=1 or PMCn_m=1):
- Connected to EOVCC or EQVSS through resistor
P5_4 Output: Open
P5_5
P5_6
P5_7
P5_8
P5_9
P5_10
P5_11
P5_12
P5_13
P5_14
P5_15
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Table 2.67 Handling of Unused Pins (Others)
Pin Alternative
Name Function Handling of Unused Pins
FLMDO — Connected to E1VSS through resistor
RESET — This pin must be used.
CVMOUT — Open
ERROROUT — Open
X1 — This pin must be used.
X2 — This pin must be used.
VCC — This pin must be used.
VSS — This pin must be used.
VDD — This pin must be used.
VCL — This pin must be used.
EnvCC — This pin must be used.
EnVSS — This pin must be used.
AOVCC — This pin must be used.
AOVREFH — This pin must be used.
AOVSS — This pin must be used.
AlvVCC — This pin must be used.
A1VREFH — This pin must be used.
AIVSS — This pin must be used.
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Table 2.68

Handling of Unused Pins (ADCGO, ADCG1)

Pin Name

Alternative
Function Handling of Unused Pins

ADCGO0IO
ADCGOI1
ADCGO0I2
ADCGOI3
ADCGO0l4
ADCGOI5
ADCGO0I6
ADCGOI7
ADCGO0I8
ADCGO0I9
ADCGOI10
ADCGOI11

ADIN Connected to AOVCC or AQVSS.

ADCG1I0
ADCG1I1
ADCGL1I2
ADCG1I3
ADCG114
ADCG1I5
ADCG1I6
ADCG117
ADCG1I8
ADCG1I19
ADCG1I110
ADCG1I11

ADIN Connected to A1VCC or A1VSS.
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Section 3 CPU System

3.1 Overview

3.1.1 Block Configuration

Figure 3.1 shows the block configuration diagram.

Code Flash

Emulation RAM

T

T

Global RAM

?

Code Flash interface ‘ ’

GRAM interface

Local RAM |« ’ Cache ‘ ’ INTC1 ‘
’ IPG ‘ ’ MPU ‘
’ SEG ‘ ’ FPU ‘
PEG
Debug CPUL1 (PE1)

Data Flash

Flash
Controller

DMA
DTS

INTC2

System interconnect

H-bus P-bus
HBG PBG
H-Bus Peripheral Peripheral Peripheral
Peripherals group 1 group 2 group 5

Figure 3.1 Block Configuration Diagram

CPU1 (PE1)

The RH850 G3M core is included as a main CPU. CPUL1 also includes the checker core for safety

assurance.

Local RAM

A high-speed accessible local RAM is included.

Global RAM

The Global RAM is a mass on-chip RAM that all PEs can share.

Code Flash

A mass Code Flash is included for program storage. CPU1 and the Code Flash are connected with each
other via the Code Flash interface.
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Emulation RAM

Itisa RAM to emulate the Code Flash. The programs can be replaced without rewriting the Code Flash
through control from an external tool.

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

P-Bus and H-Bus
The P-bus and H-bus connect the peripheral IPs. The P-bus is divided into peripheral groups 1, 2 and 5.

INTC1, INTC2

The interrupt controller consists of INTC1 and INTC2. INTCL1 has a redundant configuration with the
checker core.

DMA

Two DMA transfer modules, DMAC and DTS, are included. The DMA is provided with a checker for
safety.

Slave Guard

The slave guard is a system to prevent unauthorized access from the specific bus master, consisting of
the following guard structures.
(1) PE Guard (PEG)
The PE guard is a system to prevent unauthorized access to the resources in the PE from the
external master. After reset release, access is prohibited except access from the PE itself.
(2) Internal Peripheral Guard (IPG)
Each PE has an “Internal Peripheral Guard” (IPG) that protects the registers of peripherals inside
the PE against unauthorized accesses.
(3) System Error Generation (SEG)
The registers controls how to response SYSERR.

(4) Global RAM Guard (GRG)

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

(5) Peripheral Guard (PBG, HBG)

The peripheral guard is a system to prevent unauthorized access to peripheral devices from the
external master. Peripheral devices are in the protected state excluding PEL after release from the
reset state.
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3.2 CPU

3.21 Core Functions

3.2.1.1 Features
Table 3.1 lists features of the RH850G3M core.

Table 3.1 Features of the RH850G3M Core

Item Feature

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

Handling denormalized numbers: Rounding down to O or exception notification to conform

to IEEE754
Exception/ e 16 interrupt priority levels settable for each channel
Interrupt o \ector selection method selectable according to performance request or memory usage
— Direct branching exception vectors
— Indirect branching exception vectors referring to the address table
— Supports the high-speed save/restore processing of the context by the dedicated
instructions (PUSHSP and POPSP) at the generation of an interrupt
Memory  Memory protection function (MPU): 16 areas settable
management
Cache ¢ Instruction cache
RO1UHO0585EJ0120 Rev.1.20 T{ENESAS Page 189 of 3121

Mar 23, 2018



RH850/P1M-E Section 3 CPU System

3.2.1.2 Register Set

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

(1) Program Registers

Program registers include the general-purpose registers (r0 to r31) and program counter (PC).
r0 always retains 0, whereas the value after reset is undefined in rl to r31.

Table 3.2 List of Program Registers

Program Register Name Function Description
General-purpose r0 Zero register Always retains “0”
register: - - - -
egisters rl 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)

r6tor29  Register for addresses and data variables

r30 Element pointer (EP) Used as a base pointer for generating
addresses when accessing memory
r31 Link pointer (LP) Used when the compiler calls a function
Program counter PC Retains instruction addresses during execution of programs

NOTE

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

RO1UHO0585EJ0120 Rev.1.20 RENESAS Page 190 of 3121
Mar 23, 2018



RH850/P1M-E Section 3 CPU System

(@) General-Purpose Registers

A total of 32 general-purpose registers (r0 to r31) are provided. All of these registers can be used for
either data variables or address variables.

Of the general-purpose registers, r0 to r5, r30, and r31 are assumed to be used for special purposes in
software development environments, so it is necessary to note the following when using them.

1. r0,r3,and r30
These registers are implicitly used by instructions.

r0 is a register that always retains “0”. It is used for operations that use 0 and addressing with base
address being 0.

r3 is implicitly used by the PREPARE, DISPOSE, PUSHSP, and POPSP instructions.

r30 is used as a base pointer when the SLD instruction or SST instruction accesses memory.
2. rl,r4,r5 and r3l

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. r2

This register might be used by a real-time OS in some cases. If the real-time OS that is being used
is not using r2, 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.

31 0
rrrrrrrrrrrrrtrrrrrrr 711t 1T T 1" 17T 17T 1T T T 1T T T
PC (Instruction address during execution) Value aItler reset
Table 3.3 PC Register Contents
Value After
Bit Position Bit Name Function R/W Reset
3lto1l PC31-1 These bits indicate the address of the instruction being executed. R/W *1
0 PCO This bit is fixed to 0, and branching to an odd number address is disabled. R/W 0
Note 1. The value after reset differs depending on the setting value of the reset vector. For details, see (q) RBASE
— Reset vector base address register.
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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 and STSR instructions and specifying
the system register number, which is made up of a register number and selection ID.

Table 3.4 Basic System Registers

Register No. Access
(regID, sellD) Name 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 *l
SR6, 0 FPSR Refer to (4) FPU Function Registers. CUO and SV
SR7,0 FPEPC Refer to (4) FPU Function Registers. CUO and SV
SR8, 0 FPST Refer to (4) FPU Function Registers. Cuo
SR9, 0 FPCC Refer to (4) FPU Function Registers. CuU0
SR10, 0 FPCFG Refer to (4) FPU Function Registers. Cuo
SR11,0 FPEC Refer to (4) FPU Function Registers. CUO and SV
SR13,0 ElC 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
SR31, 0 BSEL Not implemented. A value of 0 is returned when read and writing is SV
ignored.
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
SR6, 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
SR6, 2 MEA Memory error address SV
SR7, 2 ASID Address space ID SV
SR8, 2 MEI Memory error information SV

Note 1. The access permission differs depending on the bit.
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(a) EIPC — Status save register when acknowledging El level exception

When an EI level exception is acknowledged, the address of the instruction that was being executed
when the El level exception occurred, or of the next instruction, is saved to the EIPC register (see

“Types of Exceptions” in the RH850G3M User's Manual: Software.).

Because there is only one pair of El level exception status save registers, when processing multiple

exceptions, the contents of these registers must be saved by a program.

Be sure to set an even-numbered address to the EIPC register. An odd-numbered address must not be

specified.
31
EIPC |I|I|I|I|I|IIIEIIPCI31IOIIIIIIIIIIIIII Value after reset
) Undefined
Table 3.5 EIPC Register Contents
Value After
Bit Position Bit Name Function RIW Reset
31to1l EIPC31-1 These bits indicate the PC saved when an El level exception is R/W Undefined
acknowledged.
0 EIPCO This bit indicates the PC saved when an El level exception is acknowledged. R/W Undefined

Always set this bit to 0. Even if it is set to 1, the value transferred to the PC
when the EIRET instruction is executed is 0.
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(b) EIPSW — Status save register when acknowledging El level exception

When an EI level exception is acknowledged, the current PSW setting is saved to the EIPSW register.

Because there is only one pair of El 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 1211 9 87 6543210
T

| [
U E NIE|lTIS|clo Value after reset
EIPSWOMOOOOOOOOOOOCU2-O\5}OOODebug0PPD$YVSZ 0000 00204,
Table 3.6 EIPSW Register Contents
Value After

Bit Position Bit Name Function R/W Reset

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

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

29to 19 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0

18to 16 CuU2-0 These bits store the PSW.CU 2 to 0 field setting when an El level exception R/W 0
is acknowledged. (CU2-1 are reserved for future expansion. Be sure to set to
0.)

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

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

11to9 Debug These bits store the PSW.Debug field setting when an El level exception is R/W 0
acknowledged.

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

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

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

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

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

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

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

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

0 z This bit stores the PSW.Z bit setting when an El level exception is R/W 0
acknowledged.
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(c) FEPC — Status save register when acknowledging FE level exception

When an FE level exception is acknowledged, the address of the instruction that was being executed
when the FE level exception occurred, or of the next instruction, is saved to the FEPC register (see
“Types of Exceptions” in RH850G3M User's Manual: Software.).

Because there is only one pair of FE level exception status save registers, when processing multiple
exceptions, the contents of these registers must be saved by a program.

Be sure to set an even-numbered address to the FEPC register. An odd-numbered address must not be

specified.
31 0
FEPC T T T 1T T T 1T 1T 1T ||:||5p(|:31|0| 1Tt T T T T T 1T 1 Value after reset
) Undefined
Table 3.7 FEPC Register Contents
Value After
Bit Position Bit Name Function RIW Reset
31to1l FEPC31-1 These bits indicate the PC saved when an FE level exception is R/W Undefined
acknowledged.
0 FEPCO This bit indicates the PC saved when an FE level exception is R/W Undefined
acknowledged.
Always set this bit to 0. Even if it is set to 1, the value transferred to the PC
when the FERET instruction is executed is 0.
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(d) FEPSW — Status save register when acknowledging FE level exception

When an FE level exception is acknowledged, the current PSW setting is saved to the FEPSW register.

Because there is only one pair of FE level exception status save registers, when processing multiple

exceptions, the contents of these registers must be saved by a program.

CAUTION

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

313029 1918 161514 1211 987 6543210
L L
FEPSW U Cc|O Value after reset
OMOOOOOOOOOOOCUZ-OSO 0| Debug | O YVSZ 0000 0020,
Table 3.8 FEPSW Register Contents
Value After

Bit Position Bit Name Function R/W Reset

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

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

29to 19 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0

18to 16 Cu2-0 These bits store the PSW.CU 2 to 0 field setting when an FE level exception R/W 0
is acknowledged. (CU2-1 are reserved for future expansion. Be sure to set to
0.)

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

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

11to9 Debug These bits store the PSW.Debug field setting when an FE level exceptionis  R/W 0
acknowledged.

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

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

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

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

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

3 CY This bit stores the PSW.CY bit setting when an FE level exception is R/W 0
acknowledged.

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

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

0 Z This bit stores the PSW.Z bit setting when an FE level exception is R/W 0

acknowledged.
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(e) PSW — Program status word

PSW (program status word) is a set of flags that indicate the program status (instruction execution
result) and bits that indicate the operation status of the CPU (flags are bits in the PSW that are
referenced by a condition instruction (Bcond, CMOV, etc.)).

CAUTIONS

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

2. The access permission for the PSW register differs depending on the bit. All bits
can beread, 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 Sv#l
18 to 16 Cu2-0 Syl
15 EBV Sv#l
11t0 9 Debug Special*!
7 NP Sv#l
6 EP Syl
5 ID Sv#l
4 SAT UM
3 CY UM
2 oV UM
1 UM
0 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 19 18 16 15 14 12 11 9 87 6 543210
PSwW owﬂooooooooooo cluzl-osooo DleblljgoEE'DE\C(SszVaé%%gfé%rzge:et
Table 3.10 PSW Register Contents (1/2)
Value After
Bit Position Bit Name Function RIW Reset
31 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
30 UM This bit indicates that the CPU is in user mode (UM mode). R/W 0
0: Supervisor mode
1: User mode
29to 19 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
18to 16 CuU2-Cuo 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.

CU2 bit 18 : (Reserved for future expansion. Be sure to clear to 0.)
CU1 bit 17 : (Reserved for future expansion. Be sure to clear to 0.)

CUO bit 16 : FPU
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Table 3.10 PSW Register Contents (2/2)

Bit Position

Bit Name

Function

RIW

Value After
Reset

15

EBV

This bit indicates the reset vector and exception vector operation. See the
description on RBASE ((gq) RBASE — Reset Vector Base Address Register)
and EBASE ((r) EBASE — Exception Handler Vector Address Register) in
this section.

R/IW

0

14 to 12

Reserved

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

11t0 9

Debug

These bits are used in the debugging functions of development tools. In
normal operation, set these bits to 0.

R/W

Reserved

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

NP

This bit disables the acknowledgement of FE level exception. When an FE
level exception is acknowledged, this bit is set to 1 to disable the
acknowledgement of El level and FE level exceptions. As for the exceptions
which the NP bit disables the acknowledgment, see the Exception Cause
List of RH850G3M User's Manual: Software.

0: The acknowledgement of FE level exception is enabled.

1: The acknowledgement of FE level exception is disabled.

R/W

EP

This bit indicates that an exception other than an interrupt controlled by the
interrupt controller is being serviced. It is set to 1 when the corresponding
exception occurs. This bit does not affect acknowledging an exception
request even when it is set to 1.

0: An exception other than an interrupt is not being serviced.

1: An exception other than an interrupt is being serviced.

R/W

This bit disables the acknowledgement of El level exception. When an El
level or FE level exception is acknowledged, this bit is set to 1 to disable the
acknowledgement of El level exception. As for the exceptions which the ID
bit disables the acknowledgment, see the Exception Cause List of
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. The change
of the ID bit by the El or ID instruction will be enabled from the next
instruction.

0: The acknowledgement of El level exception is enabled.

1: The acknowledgement of El level exception is disabled.

R/W

SAT*

This bit indicates that the operation result is saturated because the result of a
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

R/W

CY

This bit indicates whether a carry or borrow has occurred in the operation
result.

0: Carry or borrow has not occurred.

1: Carry or borrow has occurred.

R/W

Ov*l

This bit indicates whether or not an overflow has occurred during an
operation.

0: Overflow has not occurred.

1: Overflow has occurred.

R/W

This bit indicates whether or not the result of an operation is negative.
0: Result of operation is positive or 0.
1: Result of operation is negative

R/W

This bit indicates whether or not the result of an operation is 0.
0: Result of operation is not 0.
1: Result of operation is 0.

R/W

Note 1.

The operation result of the saturation processing is determined in accordance with the contents of the OV
flag and S flag during a saturated operation. When only the OV flag is set to 1 during a saturated operation,
the SAT flag is set to 1.
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Flag status Operation result after
Operation result status SAT (0)Y) S saturation processing
Exceeded positive 1 1 TFFF FFFFy
maximum value
Exceeded negative 1 1 1 8000 0000y
maximum value
Positive (maximum value Value prior to 0 0 Operation result itself
not exceeded) operation is
Negative (maximum value retained. 1

not exceeded)

() ENC — El level exception source register

The EIIC register retains the source of any EI level exception that occurs. The value retained in this

register is an exception code corresponding to a specific exception source.

31 0
EllC T T T T T IIIé”CSlIOIIIIIIIIIIIIII\/‘,:“w:)‘,:“cterreset
: 0000 0000y
Table 3.11 EIIC Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31to0 EIIC31-0 These bits store the exception source code when an El level exception is R/W 0
acknowledged.
See the Table 6.11, Interrupt Exception Handler and Priority, and
"Exception Cause List" in the RH850G3M User's Manual: Software about
stored exception source code.
The EIIC31-16 field stores detailed exception source codes defined
individually for each exception. If there is no particular definition, these bits
are setto 0.
(g) FEIC — FE level exception source register
The FEIC register retains the source of any FE level exception that occurs. The value retained in this
register is an exception code corresponding to a specific exception source.
31 0
FEIC L L IIIFIEIC31I0||II||III||II| Value after reset
. 0000 00004
Table 3.12 FEIC Register Contents
Value After
Bit Position Bit Name Function R/IW Reset
31t00 FEIC31-0 These bits store the exception source code when an FE level exception is R/W 0

acknowledged.

See the Table 6.11, Interrupt Exception Handler and Priority, and
"Exception Cause List" in the RH850G3M User's Manual: Software about

stored exception source code.

The FEIC31-16 field stores detailed exception source codes defined
individually for each exception. If there is no particular definition, these bits

are setto 0.
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(h) CTPC — Status save register when executing CALLT register

When a CALLT instruction is executed, the address of the next instruction after the CALLT instruction
is saved to CTPC. Be sure to set an even-numbered address to the CTPC register. An odd-numbered

address must not be specified.

31 0
CTPC Frrrrr T T T T T 1T lc'lrpégllol T T T T T T T Value after reset
- Undefined
Table 3.13 CTPC Register Contents
Value After
Bit Position Bit Name Function RIW Reset
3lto1l CTPC31-1 These bits indicate the PC of the instruction after the CALLT instruction. R/W Undefined
0 CTPCO This bit indicates the PC of the instruction after the CALLT instruction. R/W Undefined
Always set this bit to 0. Even if it is set to 1, the value transferred to the PC
when the CTRET instruction is executed is 0.
(i) CTPSW — Status save register when executing CALLT register
When a CALLT instruction is executed, some of the PSW (program status word) settings are saved to
CTPSW.
31 543210
CTPSW S|C|O Value after reset
000000000000000000000000000,_/?sz2 0000 0000,
Table 3.14 CTPSW Register Contents
Value After
Bit Position Bit Name Function RIW Reset
31to5 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
4 SAT This bit stores the PSW.SAT bit setting when the CALLT instruction is R/W 0
executed.
3 Cy This bit stores the PSW.CY bit setting when the CALLT instruction is R/W 0
executed.
2 ov This bit stores the PSW.OV bit setting when the CALLT instruction is RIW 0
executed.
1 S This bit stores the PSW.S bit setting when the CALLT instruction is executed. R/W 0
0 z This bit stores the PSW.Z bit setting when the CALLT instruction is executed. R/W 0
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(i) CTBP — CALLT base pointer register

The CTBP register is used to specify table addresses of the CALLT instruction and generate target

addresses.

Be sure to set the CTBP register to a Half-word address.

31
CTBP Tttt T T 1T 1T 1T T T/ |C-||-B|l>31|0| 1T T T T 1T 1T 1T T T/ Value after reset
- Undefined
Table 3.15 CTBP Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31to1l CTBP31-1 These bits indicate the base pointer address of the CALLT instruction. R/W Undefined
These bits indicate the first address in the table used by the CALLT
instruction.
0 CTBPO These bits indicate the base pointer address of the CALLT instruction. R 0
These bits indicate the first address in the table used by the CALLT
instruction.
Always set this bit to 0.
(k) ASID — Address space ID register
This is the address space ID. This is used to identify the address space provided by the memory
management function.
31 10 9
1T T T T 1T 171
ASID Value after reset
ooo0opoOoOpOOOIO@O OO OGO ]|0]|0 ASID Undefined
Table 3.16  ASID Register Contents
Value After
Bit Position Bit Name Function RIW Reset
31to 10 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
9to0 ASID This is the address space ID. R/W Undefined
() EIWR — El level exception working register
The EIWR register is used as a working register when an El level exception has occurred.
31
EIWR T T T T T T 1T |E||WF|Q31IO| T T T T T T T Value after reset
) Undefined
Table 3.17 EIWR Register Contents
Value After
Bit Position Bit Name Function RIW Reset
31to 0 EIWR31-0 These bits constitute a working register that can be used for any purpose R/W Undefined

during the processing of an El level exception. Use this register for purposes
such as storing the values of general-purpose registers.
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(m) FEWR — FE level exception working register

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

31 0
FEWR 1T T 1T T T 1T T 1T lpéw:qgjl_ol 1T T T T T 1T 171 Value after reset
: Undefined
Table 3.18 FEWR Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31to 0 FEWR31-0 These bits constitute a working register that can be used for any purpose R/W Undefined
during the processing of an FE level exception. Use this register for
purposes such as storing the values of general-purpose registers.
(n) HTCFGO — Thread configuration register
31 19 18 16 15 14 0
[
HTCFGO Value after
ojojofjofofofofofojojojoj(0| PEID |1|0|0|0|O|O|O|O|O|O|O|O|O|O|O]|O r:set*l
Table 3.19 HTCFGO Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31to 19 Reserved (Reserved for future expansion. When read, the value after reset is read.) R 0
18to 16 PEID These bits indicate the processor element number. R *2
15 Reserved (Reserved for future expansion. When read, the value after reset is read.) R 1
14t00 Reserved (Reserved for future expansion. When read, the value after reset is read.) R 0
Note 1.  The value for CPU1 (PE1) in this device is 0001 8000.
Note 2.  The value for CPU1 (PE1) in this device is 001g.
(0) MEA — Memory error address register
31 0
MEA IIIIIIIIIIIIIIIMIIEAIIIIIIIIIIIIIIIValueafterreset
Undefined
Table 3.20 MEA Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31to0 MEA These bits store the violation address when an MAE (misaligned) or MPU 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 occurs.

31 2120 16 15 11109 8 7 6 5 10
L | L
MEI R [|Value after reset
O (MO| W] WWI|0|0]0]0]|0 REG O ||0]|0| DS |U|OI|O ITYPE W(  Undefined
Table 3.21 MEI Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31lto21 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
20to 16 REG4-0 These bits indicate the number of the source or destination register of the R/IW Undefined
instruction that caused the exception.
For details, see Table 3.22, Instructions Causing Exceptions and Values
of MEI Register.
15to0 11 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
10,9 DS These bits indicate the data type of the instruction that caused the R/W Undefined
exception.*l
0: Byte (8 bits)
1: Half-word (16 bits)
2: Word (32 bits)
3: Double-word (64 bits)
For details, see Table 3.22, Instructions Causing Exceptions and Values
of MEI Register.
8 U These bits indicate the sign extension method of the instruction that caused R/W Undefined
the exception.
0: Signed
1: Unsigned
For details, see Table 3.22, Instructions Causing Exceptions and Values
of MEI Register.
7,6 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
5t01 ITYPE4-0 These bits indicate the instruction that caused the exception. R/W Undefined
For details, see Table 3.22, Instructions Causing Exceptions and Values
of MEI Register.
0 RW This bit indicates whether the operation of the instruction that caused the R/W Undefined

exception was read (Load-memory) or write (Store-memory)

0: Read (Load-memory)

1: Write (Store-memory)
For details, see Table 3.22, Instructions Causing Exceptions and Values
of MEI Register.

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

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

Instruction REG DS U RW ITYPE

SLD.B dst 0 (Byte) 0 (Signed) 0 (Read) 000005
SLD.BU dst 0 (Byte) 1 (Unsigned) 0 (Read) 00000g
SLD.H dst 1 (Half-word) 0 (Signed) 0 (Read) 000005
SLD.HU dst 1 (Half-word) 1 (Unsigned) 0 (Read) 00000g
SLD.W dst 2 (Word) 0 (Signed) 0 (Read) 000005
SST.B src 0 (Byte) 0 (Signed) 1 (Write) 00000g
SST.H src 1 (Half-word) 0 (Signed) 1 (Write) 000005
SSTW src 2 (Word) 0 (Signed) 1 (Write) 00000g
LD.B (disp16) dst 0 (Byte) 0 (Signed) 0 (Read) 000015
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Table 3.22 Instructions Causing Exceptions and Values of MEI Register (2/2)
Instruction REG DS U RW ITYPE
LD.BU (disp16) dst 0 (Byte) 1 (Unsigned) 0 (Read) 00001
LD.H (disp16) dst 1 (Half-word) 0 (Signed) 0 (Read) 00001
LD.HU (disp16) dst 1 (Half-word) 1 (Unsigned) 0 (Read) 00001
LD.W (disp16) dst 2 (Word) 0 (Signed) 0 (Read) 00001g
ST.B (disp16) src 0 (Byte) 0 (Signed) 1 (Write) 00001
ST.H (disp16) src 1 (Half-word) 0 (Signed) 1 (Write) 00001g
ST.W (disp16) src 2 (Word) 0 (Signed) 1 (Write) 00001
LD.B (disp23) dst 0 (Byte) 0 (Signed) 0 (Read) 00010g
LD.BU (disp23) dst 0 (Byte) 1 (Unsigned) 0 (Read) 00010g
LD.H (disp23) dst 1 (Half-word) 0 (Signed) 0 (Read) 000105
LD.HU (disp23) dst 1 (Half-word) 1 (Unsigned) 0 (Read) 00010g
LD.W (disp23) dst 2 (Word) 0 (Signed) 0 (Read) 000105
ST.B (disp23) src 0 (Byte) 0 (Signed) 1 (Write) 00010g
ST.H (disp23) src 1 (Half-word) 0 (Signed) 1 (Write) 000105
ST.W (disp23) src 2 (Word) 0 (Signed) 1 (Write) 00010g
LD.DW (disp23) dst 3 (Double-word) 0 (Signed) 0 (Read) 000105
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)*l 010005
SET1 — 0 (Byte) 1 (Unsigned) 0 (Read)*! 01001g
CLR1 — 0 (Byte) 1 (Unsigned) 0 (Read)*l 010015
NOT1 — 0 (Byte) 1 (Unsigned) 0 (Read)*! 01001g
TST1 — 0 (Byte) 1 (Unsigned) 0 (Read) 010015
PREPARE — 2 (Word) 1 (Unsigned) 1 (Write) 01100g
DISPOSE — 2 (Word) 1 (Unsigned) 0 (Read) 01100g
PUSHSP — 2 (Word) 1 (Unsigned) 1 (Write) 01101g
POPSP — 2 (Word) 1 (Unsigned) 0 (Read) 01101g
SWITCH — 1 (Half-word) 0 (Signed) 0 (Read) 100005
CALLT — 1 (Half-word) 1 (Unsigned) 0 (Read) 100015
SYSCALL — 2 (Word) 1 (Unsigned) 0 (Read) 100105
CACHE — — — 0/1*2 10100g
Interrupt (table reference)*® — 2 (Word) 1 (Unsigned) 0 (Read) 10101g

Note 1.
Note 2.
Note 3.

NOTE

This exception occurs when the instruction executes a read access.
It depends on actual operation.
When the table reference interrupt vector is read.

dst: Destination register number, src: Source register number
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() 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
rease | [ [ L [[TTTTTTTTTTTTTTT] Value after reset
- *1
RBASE31-9 o|ofjo|0O|0O|0O|O|O é 0000 0000y,
Table 3.23 RBASE Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31t09 RBASE31-9  These bits indicate the value of the upper 23 bits (bits 31 to 9) of the reset R *l
vector address when there is a reset. The lower 9 bits (bits 8 to 0) of the
reset vector address are all handled as 0. This address is also used as the
exception vector when PSW.EBV = 0.
8to 1l Reserved (Reserved for future expansion. Be sure to clear to 0.) 0
0 RINT When the RINT bit is set, the exception handler address for interrupt R 0
processing is reduced. For details, see "Direct vector method" in the
RH850G3M User's Manual: Software. This bit is valid when PSW.EBV = 0.
Note 1.  Please refer to Figure 35.4, Utilizing the Variable Reset Vector Function to Update the Boot Program

for detail.

(n EBASE — Exception handler vector address register

This register indicates the exception handler vector address. This register is valid when the PSW.EBV

bit is 1.
31 9 8 10
EBASE L e rrr Tt T T T T T 1T 1T | Value after reset
EBASE31-9 o(o|jojojojofo|o0 5 Undefined
Table 3.24 EBASE Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31t09 EBASE31-9  The upper 23 bits (bits 31 to 9) of the base address of the exception handler R/W Undefined
routine are set to the address specified by this register. The lower 9 bits (bits
8 to 0) of the base address are all handled as 0, and are converted to an
address to which the offset address of each exception is added.
8to1l Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
0 RINT When the RINT bit is set, the offset address of the exception handler used R/W Undefined
during interrupt servicing is decremented. For details, see "Direct vector
method" in the RH850G3M User's Manual: Software.
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(s) INTBP — Base address of the interrupt handler table register

This register indicates the base address of the address table when the table reference method is selected

as the interrupt handler address selection method.

31 9 8 0
Frrrrrrrrr Tt T T 1T 1T T T 1T 1T T/
INTBP Value after reset
INTBP31-9 oj0|0|0O|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 of the table reference method of R/W Undefined
the interrupt.
The value indicated by these bits is the first address in the table used to
determine the exception handler when the interrupt specified to use the table
reference method (EIINTO to EIINT383) is acknowledged.
The bit names are not assigned because EBASES-0 bits are always 0.
8to0 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
(t) PID — Processor ID register
The PID register retains a processor identifier that is unique to the CPU. The PID register is a read-only
register.
CAUTION
The PID register indicates information used to identify the incorporated CPU core and CPU core
configuration. Usage such that the software behavior varies dynamically according to the PID register
information is not assumed.
31 0
PIDllllIllllIlllllp:DlllllllllllllllValueafterreset
0580 0714
Table 3.26 PID Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31lto 24 PID Architecture identifier R 05y
This identifier indicates the architecture of the processor.
23t08 Function identifier R 8007y
This identifier indicates the functions of the processor.
These bits indicate whether or not functions defined per bit are implemented
(1: implemented, 0: not implemented).
Bit 23 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 14y
This identifier indicates 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
L [T
SCCFG Value after reset
o(ofo|o o(ojojo|jojojo|o|jojo|0jOfOfO|lO|O|O|O]|O SIZE Undefined
Table 3.27 SCCFG Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31to 8 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
7t00 SIZE These bits specify the maximum number of entries of a table that the R/W Undefined
SYSCALL instruction references. The maximum number of entries the
SYSCALL instruction references is 1 if SIZE is 0, and 256 if SIZE is 255.
By setting the maximum number of entries appropriately in accordance with
the number of functions branched by the SYSCALL instruction, the memory
area can be effectively used.
If a vector exceeding the maximum number of entries is specified for the
SYSCALL instruction, the first entry is selected. Place an error processing
routine at the first entry.
(v) SCBP — SYSCALL base pointer register
The SCBP register is used to specify a table address of the SYSCALL instruction and generate a target
address. Be sure to set an appropriate value to this register before using the SYSCALL instruction.
Be sure to set a word address to the SCBP register.
31 0
SCBP L T T T T 1T 1 |S|CB|L31IO| T T T T T 1T 1T I Value after reset
- Undefined
Table 3.28 SCBP Register Contents
Value After
Bit Position Bit Name Function RIW 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 21 20 16 15 4 3210
McrGo | 0| o] olo|o]o]o|o|o]o]o|  spD ooooooooooooo1ooVa(';(';(’);’“c(t)‘f;o;f‘at
Table 3.29 MCFGO Register Contents
Value After

Bit Position Bit Name Function R/W Reset
3lto21 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0

20to 16 SPID These bits indicate the system protection number. It is not possible to write R/W 00010g

“00000g"/“00001g" to SPID. If written, these value is “00010g".

15to 4 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0

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

2 Reserved (Reserved for future expansion. Be sure to setto 1.) R 1

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

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

(x) MCTL — Machine control register

This register is used to control the CPU.

3130 210
M| U | Value after reset
MCTL1OOO00000000OOOOOOOOOOOOOOOOOOAJ: 8000 0000y,
Table 3.30 MCTL Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31 Reserved (Reserved for future expansion. Be sure to setto 1.) R 1
30to 2 Reserved (Reserved for future expansion. Be sure to set to 0.) R 0
1 MA This bit specifies the operation when a misaligned access occurs. R/W 0
0: An exception occurs.*!
1: An exception does not occur.*2
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.

Note 1.  Excluding LD.DW and ST.DW instructions executed at an address at a word boundary.
Note 2.  If the MA bitis 1, the CPU divides a single misaligned data access into multiple aligned accesses. In this
case, the instruction atomicity is not guaranteed.
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When MA bit is “1”, CPU divides the transaction from one misaligned data access to multiple aligned
data accesses. In this case, atomic characteristics of the instruction are not guaranteed.

Access Conditions Cycles Divided by the CPU

Data Width Address 1st 2nd 3rd

16 bits 2n+1 8-bit accessto2n+1  8-bitaccessto2n+2  —

32 bits 4n+1 8-bitaccessto4n+1  16-bit accessto4n+2 8-bit access to 4n + 4
32 bits an + 2 16-bit access to 4n + 2  16-bit accessto 4n+4 —

32 bits 4n +3 8-bit accessto 4n +3  16-bit access to 4n +4  8-bit access to 4n + 6

(3) Interrupt Function Registers

(a) Interrupt function system register

Reading from/writing to an interrupt function system register is performed by specifying the system
register number, which consists of the register number and selection identifier, with the LDSR or STSR
instructions.

Table 3.31 Interrupt Function System Registers

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

SR10, 2 ISPR Priority of interrupt being serviced SV

SR11, 2 PMR Interrupt priority masking SV

SR12, 2 ICSR Interrupt control status SV

SR13, 2 INTCFG Interrupt function setting SV

(b) FPIPR — FPI exception interrupt priority setting register

This register specifies the FPI exception interrupt priority.

Mar 23, 2018

31 5 4 0
L
FPIPR Value after reset
0/0|/0|/0|0|0O|0O|0O|O|O|O|O|O|O|O|O|O|O|0O|O|O|O|O|0O|O|O|O FPIPR 0000 0000,
Table 3.32  FPIPR Register Contents
Value After
Bit Position Bit Name Function R/W Reset
3lto5 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
4100 FPIPR These bits specify the priority of the floating-point operation exception R/W 0
interrupt (FPI, indicating imprecision). Values from 0 to 16 should be used; a
value greater than or equal to 17 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.
NOTE
If these bits are set to 16 or higher values, handling is as if the
setting were 16.
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(c) ISPR — Priority of interrupt being serviced register

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

31

ISPR

Value after reset
0000 0000y

Table 3.33 ISPR Register Contents

Bit Position Bit Name

Function R/W

Value After
Reset

31to 16 Reserved

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

0

15t0 0 ISP15-0

These bits indicate the acknowledgment status of an EIINTn interrupt witha ~ R**
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
amzong the ISP15-0 bits that are set (0 is the highest priority) is cleared to
0.*

While a bit in this register is set to 1, same and lower priority interrupts
(EIINTn) and FPI exception*3 are masked. Priority level judgment is
therefore not performed when the system is determining whether to
acknowledge an exception, meaning that exceptions will not be
acknowledged.

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

0

Note 1.

Note 2.

Note 3.

Note 4.

For details, see “Exception Priority of Interrupts and the Priority Mask” in the RH850G3M User’s Manual:

Software.

Interrupt acknowledgment and auto-updating of values when the EIRET instruction is executed are disabled
by setting (1) 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.

Since FPI exceptions have the same level of priority as this interrupt (EIINTnN), they are affected by the ISPR
in the same way as the interrupt. The priority of the FPI exception is set by the FPIPR register.
This is R or R/W, depending on the setting of the INTCFG.ISPC bit. It is recommended to use this register

as a read-only (R) register in normal cases.
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(d) 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|OfjOfO|lO|O|lO|O|O|O|O]|O PM15-0 0000 0000,
Table 3.34 PMR Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31to 16 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
15t0 0 PM15-0 These bits mask an interrupt request with a priority level that correspondsto  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 and priority 16 (lowest)
While a bit in this register is set to 1, interrupts (EIINTn) with the priority
corresponding to that bit and FPI exception*1 are masked. Priority level
judgment is therefore not performed when the system is determining whether
to acknowledge an exception, meaning that exceptions will not be
acknowledged*2.
Note 1.  Since a FPI exception is specified as the same level of priority as that of an interrupt (EIINTn), it is affected
by the PMR like interrupts. The priority of FPI exception is set by the FPIPR register.
Note 2.  Specify the masks by setting the bits to 1 in order from the lowest-priority bit. For example, FFO0O can be
set, but FOFOy or O0FFy cannot.
(e) ICSR — Interrupt control status register
This register indicates the interrupt control status in the CPU.
31 210
ol —
o | w| Value after reset
ICSR|0|0|0OfO 0000OOOOOOOOOOOOOOOOOOOOOEE 0000 0000},
Table 3.35 ICSR Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31to2 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
1 PMFP This bit indicates that an FPI exception with the priority level masked by the R 0
PMR register exists.
0 PMEI This bit indicates that an interrupt (EIINTn) with the priority level masked by R 0

the PMR register exists
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() INTCFG — Interrupt function setting register

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

31 1

0
Ol Value after reset
INTCFG00OOOOOOO0000000000000000000000& 0000 0000,

Table 3.36 INTCFG Register Contents

Value After

Bit Position Bit Name Function R/W Reset

3ltol Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0

0 ISPC This bit changes how the ISPR register is written. R/W 0
0: The ISPR register is automatically updated. Updates triggered by the
program (via execution of LDSR instruction) are ignored.
1: The ISPR register is not automatically updated. Updates triggered by the
program (via execution of LDSR instruction) are performed.

If this bit is cleared to 0, the bits of the ISPR register are automatically set to
1 when an interrupt (EIINTnN) 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 (0). 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
(@) Floating-point operation registers

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

¢ Single-precision floating-point instruction

Thirty-two 32-bit registers can be specified. These correspond to the general-purpose registers r0
to r31.

e Double-precision floating-point instruction

Sixteen 64-bit registers can be specified. These correspond to the register pairs each using one pair
of general-purpose registers, ({r1, r0}, {r3, r2} ... {r31, r30}). Each register pair is specified in the
instruction format with an even numbered register. Because r0 is a zero register (always holds
“0™), in principle {r1, r0} should not be used by a double-precision floating-point instruction.

(b) Floating-point system registers

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

SR9, 0 FPCC Floating-point operation comparison result Cu0

SR10, 0 FPCFG Floating-point function setting Cuo

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

(@) MPU function system registers

Reading from/writing to an MPU function system register is performed by specifying the system
register number, which consists of the register number and selection identifier, with the LDSR or STSR

instructions.

Table 3.38 MPU Function System Registers (1/2)

Register No. Access
(reg.ID, sel.ID) Symbol Function Permission
SRO, 5 MPM Memory protection operation mode setting SV
SR1,5 MPRC MPU region control SV
SR4, 5 MPBRGN MPU base region number SV
SR5, 5 MPTRGN MPU end region number SV
SR8, 5 MCA Memory protection setting check address SV
SR9, 5 MCS Memory protection setting check size SV
SR10, 5 MCC Memory protection setting check command SV
SR11, 5 MCR Memory protection setting check result SV
SRO, 6 MPLAO Protection area minimum address SV
SR1, 6 MPUAO Protection area maximum address SV
SR2, 6 MPATO Protection area attribute SV
SR4, 6 MPLA1 Protection area minimum address SV
SR5, 6 MPUA1 Protection area maximum address SV
SR6, 6 MPAT1 Protection area attribute SV
SR8, 6 MPLA2 Lower address of the protection area SV
SR9, 6 MPUA2 Protection area maximum address SV
SR10, 6 MPAT2 Protection area attribute SV
SR12, 6 MPLA3 Protection area minimum address SV
SR13, 6 MPUA3 Protection area maximum address SV
SR14, 6 MPAT3 Protection area attribute SV
SR16, 6 MPLA4 Protection area minimum address SV
SR17,6 MPUA4 Protection area maximum address SV
SR18, 6 MPAT4 Protection area attribute SV
SR20, 6 MPLA5 Protection area minimum address SV
SR21, 6 MPUAS Protection area maximum address SV
SR22, 6 MPAT5 Protection area attribute SV
SR24,6 MPLAG Protection area minimum address SV
SR25, 6 MPUAG Protection area maximum address SV
SR26, 6 MPAT6 Protection area attribute SV
SR28, 6 MPLA7 Protection area minimum address SV
SR29, 6 MPUA7 Protection area maximum address SV
SR30, 6 MPAT7 Protection area attribute SV
SRO, 7 MPLAS Protection area minimum address SV
SR1,7 MPUAS8 Protection area maximum address SV
SR2,7 MPAT8 Protection area attribute SV
SR4,7 MPLA9 Protection area minimum address SV
SR5, 7 MPUA9 Protection area maximum address SV
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Table 3.38 MPU Function System Registers (2/2)

Register No. Access
(reg.ID, sel.ID) Symbol Function Permission
SR6, 7 MPAT9 Protection area attribute SV
SR8, 7 MPLA10 Protection area minimum address SV
SR9, 7 MPUA10 Protection area maximum address SV
SR10, 7 MPAT10 Protection area attribute SV
SR12,7 MPLA11 Protection area minimum address SV
SR13,7 MPUA11 Protection area maximum address SV
SR14,7 MPAT11 Protection area attribute SV
SR16, 7 MPLA12 Protection area minimum address SV
SR17,7 MPUA12 Protection area maximum address SV
SR18, 7 MPAT12 Protection area attribute S\
SR20, 7 MPLA13 Protection area minimum address SV
SR21,7 MPUA13 Protection area maximum address SV
SR22,7 MPAT13 Protection area attribute SV
SR24, 7 MPLA14 Protection area minimum address SV
SR25, 7 MPUA14 Protection area maximum address SV
SR26, 7 MPAT14 Protection area attribute S)Y
SR28, 7 MPLA15 Protection area minimum address SV
SR29, 7 MPUA15 Protection area maximum address SV
SR30, 7 MPAT15 Protection area attribute SV

(b) 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
MPM |0|0|0|0O ojojo0|0|0]|O0 0|0|0|0|0O|0O|O|O|O|O|O O\F{E 0000 0000},
Table 3.39 MPM Register Contents
Value After
Bit Position Bit Name Function RIW Reset
31to2 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
1 SVP In SV mode. (when PSW.UM = 0), this bit is used to specify whether to R/W 0
restrict access according to the SX, SW, and SR bits of the MPAT register
for each protection area.*!
0: As usual, implicitly enable all access in SV mode.
1: Restrict access according to the SX, SW, and SR bits even in SV
mode.*?
0 MPE This bit is used to specify whether to enable or disable MPU function. R/W 0

0: Disable
1: Enable

Note 1.

Note 2.

When the SVP bit is set to 1, access is restricted according to the setting of each protection area even in

SV mode. Therefore, specify protection areas before setting the SVP bit to prevent the access of the
program itself from being restricted.
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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(c) MPRC — MPU region control register

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

31 161514131211109 8 7 6 5 4 3 2 1 0
E|E|E|E|E|E|E|E|E|E|E|E|E|E|E|E|Value after reset
MPRC 101010 10 1010101010 10 10 10 10 10 1010 145/14113112(11(10{ 9 |8 |7 |6|5|4|3|2|1|0| 00000000,
Table 3.40 MPRC Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31to 16 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
15t0 0 E15-E0 These are the enable bits for each protection area. Bit En is a copy of bit R/W 0
MPATN.E (where n = 15 to 0).
(d) MPBRGN — MPU base region register
This register indicates the minimum usable MPU area number.
31 5 4 0

MPBRGN [ 0| 0| 0[o|0lolo|o|o]olo]o|ofo]olo]o|ofo]olo]o|ofo]ofo]o| mpBRGN |VAlueaferreset

0000 0000y
Table 3.41 MPBRGN Register Contents

Value After

Bit Position Bit Name Function R/W Reset

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

4100 MPBRGN These bits indicate the smallest number of an MPU area. R 0

These bits are always read as 0.
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() MPTRGN — MPU end region register

This register indicates the maximum usable MPU area number + 1.

31 5 4 0
L
MPTRGN Value after reset
ojojojojojo|jojojojojojojojojojojofofjofojo|o|o|o|O|O|O MPTRGN 0000 0010,
Table 3.42 MPTRGN Register Contents
Value After

Bit Position Bit Name Function R/W Reset
31to5 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
4t00 MPTRGN These bits indicate the largest number of an MPU area + 1. R 104

These bits indicate the maximum number of MPU areas incorporated into
the hardware.
The number of protection areas in this device is 16.

(H MCA — Memory protection setting check address register

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

31 0
MCA r 1 1 1T T 1T 1 1T 1T 1T T 1 11 N:CA|31|0 T T T T T T T T T T T T T T Jyaueafter reset
g 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.

() 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
MCS lllIllllllllll[\/:CS|3llolllllllIllllllValueafterreset
: Undefined
Table 3.44 MCS Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31to 0 MCS31-0 These bits specify the size of the target area to specify the size of the R/W Undefined
memory 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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(h) MCC — Memory protection setting check command register

This command register is used to start a memory protection setting check.

31 0
MCC llllllllllllllw:cclgllolllllllllllllVaIueafterreset
) 0000 0000y
Table 3.45 MCC Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31to0 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 according to any area setting regardless of
the setting of the PSW.UM bit.
The value read from the MCC register is always 0000 0000
(i) MCR — Memory protection setting check result register
This register is used to store the results of a memory protection setting check.
CAUTION

1. If the specified area to be checked crosses 0000 00004, it is judged as an area setting error, and
the MCR.OV bit is set to 1. This means that the MCR.OV bit must be checked to access the check
results. Do not use the check result until it is confirmed that the result is not invalid (OV = 0).

2. When the default set (MPM.DX, DW, DR) is set to 1, a correct result may not be obtained in some
cases. If the specified default is to be enabled, do not use the memory protection setting check
function.

31 9 87 6543210
MCR o) S|S[S|U|U|U[Value after reset
ojojojo|j0|0|0|0O|0O|0O|O|O|O|O|O|O|O|O|O|O|O|OfO O|O0IXIWIRIXIWIR )
\4 clelE|EIEIE Undefined
Table 3.46 MCR Register Contents (1/2)
Value After
Bit Position Bit Name Function RIW Reset
31t09 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
8 ov If the specified area includes 0000 0000, or 7FFF FFFFy, 1 is stored in this R/W Undefined
bit. In other cases, 0 is stored in this bit.
7,6 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
5 SXE If the specified area is contained within one protection area and executionis R/W Undefined
permitted for that area in supervisor mode, 1 is stored in this bit. In other
cases, 0 is stored in this bit.
4 SWE If the specified area is contained within one protection area and writing to R/IW 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 executionis R/W Undefined
permitted for that area in user mode, 1 is stored in this bit. In other cases, 0
is stored in this bit.
1 UWE If the specified area is contained within one protection area and writing to R/W Undefined
that area is permitted in user mode, 1 is stored in this bit. In other cases, 0 is
stored in this bit.
0 URE If the specified area is contained within one protection area and reading from R/W Undefined
that area is permitted in user mode, 1 is stored in this bit. In other cases, 0 is
stored in this bit.
(i) MPLANn — Protection area minimum address register
These registers indicate the minimum address of area n (where n = 0 to 15).
31 210
L e rrrrrrrrr- Tt T T T
MPLAN Value after reset
MPLA31-2 0|0 Undefined
Table 3.47 MPLAnN Register Contents
Value After
Bit Position Bit Name Function RIW Reset
31to2 MPLA31-2 These bits indicate the minimum address of area n. R/W Undefined
The MPLAN.MPLA1-0 bits are implicitly set to 0.
1,0 Reserved Reserved for future expansion. Be sure to clear these bits to 0. R 0
(k) MPUAnNn — Protection area maximum address register
These registers indicate the maximum address of area n (where n = 0 to 15).
31 210
L e rrrrrrrrr- Tt T T T
MPUAN Value after reset
MPUA31-2 0|0 Undefined
Table 3.48 MPUAnN Register Contents
Value After
Bit Position Bit Name Function R/W Reset
3lto2 MPUA31-2 These bits indicate the maximum address of area n. R/W Undefined
The MPUAN.MPUAL1-0 bits are implicitly set to 1.
1,0 Reserved Reserved for future expansion. Be sure to clear these bits to 0. R 0
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() MPATn — Protection area attribute register

These registers indicate the attributes of area n (where n = 0 to 15).

31 26 25 16 15 87 6543210
MPaTn [ Tololololo] | asb | |olo|o]o|o]o|o]o Ela|%|w|B|¥ ||| alue after reset
Undefined
Table 3.49 MPATnN Register Contents
Value After
Bit Position Bit Name Function RIW Reset
31to0 26 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
25t0 16 ASID These bits indicate the ASID value to be used as the area match condition. ~ R/W Undefined
15t0 8 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
7 E This bit indicates whether area n is enabled or disabled. R/W 0

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

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

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

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

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

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

1 Uuw 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
(@) Cache control function system registers
Cache control function system registers are read from or written to by using the LDSR and STSR
instructions and specifying the system register number, which is made up of a register number and
selection ID.
Table 3.50  Cache Operation Function Registers
Register No. Access
(reg.ID, sel.ID) Symbol Function Permission
SR16, 4 ICTAGL Instruction cache tag Lo access SV
SR17, 4 ICTAGH Instruction cache tag Hi access SV
SR18, 4 ICDATL Instruction cache data Lo access SV
SR19, 4 ICDATH Instruction cache data Hi access SV
SR24, 4 ICCTRL Instruction cache control SV
SR26, 4 ICCFG Instruction cache configuration SV
SR28, 4 ICERR Instruction cache error SV
(b) ICTAGL — Instruction cache tag Lo access register
This register is used for CIST and CILD instructions for the instruction cache. This register holds
values to be stored in the tag RAM of the instruction cache by the execution of CIST instructions and
values read from the tag RAM of the instruction cache by the execution of CILD instructions.
31 10 9 6 543210
ICTAGL e rrrrrrr Tt T T T 1T T | Value after reset
LPN 0 |O0(O|O|LRU|O|L|O|V Undefined
Table 3.51 ICTAGL Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31to 10 LPN These bits hold the values of 24 to 12 bits of physical page numbers. When =~ R/W Undefined
writing, always write O to bits 31 to 25 and bits 11 to 10.
9to 6 Reserved (Reserved for future expansion. When writing, always write 0 to these bits.) R 0
54 LRU These bits indicate the LRU information of the specified cache line. The R/W Undefined
CIST instruction cannot be used to change the LRU information to desired
values.
3 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
2 L This bit holds the lock information. R/W Undefined
1 Reserved (Reserved for future expansion. Be sure to clear 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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(©

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

ICTAGH — Instruction cache tag Hi access register

31 30 29 28 27 24 23 16 15 8 7 6 5 210
T rrr ] T T T [
Value after reset
*1 *1
ICTAGH \ISV B \_/I_V 'PI' 0o({o0|0|0 DATAECC TAGECC 0 0|0|0|O0 Undefined
Note 1.  Undefined
Table 3.52 ICTAGH Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31 WD When this bit is set to 1, executing a CIST instruction updates the cache data R/W Undefined
RAM.
30 PD When this bit is set to 1 during CIST execution, values in the DATAECC field R/W Undefined
are overwritten to ECC for data RAM. When this value is 0, ECC is
generated automatically from the write data.
29 WT When this bit is set to 1 during CIST execution, tag RAM of cache is R/W Undefined
updated.
28 PT When this bit is set to 1 during CIST execution, values in the TAGECC field R/W Undefined
are overwritten to ECC for tag RAM. When this value is 0, ECC is generated
automatically from the write data.
27t0 24 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
2310 16 DATAECC These bits store ECC for data RAM. R/W Undefined
15t0 8 TAGECC These bits store ECC for tag RAM. Write 0 to bit 15. R/W Undefined
7 Reserved When read, the value after reset is read. When writing, write the value after R 0
reset.
6 Reserved When read, an undefined value is read. When writing, always write 0. Undefined
5t02 Reserved When read, the value after reset is read. When writing, write the value after 0
reset.
1,0 Reserved When read, an undefined value is read. When writing, always write 0. R Undefined
(d) ICDATL — Instruction cache data Lo access register
This register is used by the CIST/CILD instruction in relation to the instruction cache. During
execution of CIST, values that are stored to the data RAM for the instruction cache are stored. During
execution of CILD, values read from the data RAM for the instruction cache are stored.
31 0
ICDATL llIlllIllllll:DA_ll_ALlllllllllllllllValueafterreset
Undefined
Table 3.53 ICDATL Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31to0 DATAL Bits 31 to O or bits 95 to 64 are stored among the instruction data of a block R/W Undefined

in the specified cache line. The stored bits are specified by the offset of
index.

Offset of index = 0000: Bits 31 to 0

Offset of index = 1000: Bits 95 to 64
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(e) ICDATH — Instruction cache data Hi access register

This register is used by the CIST/CILD instruction in relation to the instruction cache. During
execution of CIST, values that are stored to the data RAM for the instruction cache are stored. During
execution of CILD, values read from the data RAM for the instruction cache are stored.

31 0
ICDATH |I||I|I|I|I|IIIDA_:_N_I'II|I|I|I|I|II\/alueafterreset
Undefined
Table 3.54 ICDATH Register Contents
Value After
Bit Position Bit Name Function RIW Reset
31t00 DATAH Bits 63 to 32 or bits 127 to 96 are stored among the instruction data of a R/W Undefined
block in the specified cache line. The stored bits are specified by the offset of
index.
Offset of index = 0000: Bits 63 to 32
Offset of index = 1000: Bits 127 to 96
() ICCTRL — Instruction cache control register
This register controls the instruction cache.
31 18 17 16 15 9 8 7 3210
ICCTRL 2 5 >| 2| Z|Value after reset
w w u
0o(0|0|0 0O00000005'100000005000005350003000%I
Table 3.55 ICCTRL Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31to 18 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
17 D1EIV This bit selects the operation in response to 1-bit errors in the data RAM. R/IW 1
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 (Reserved for future expansion. Be sure to setto 1.) R 1
15t09 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
8 ICHCLR Setting this bit to 1 clears the whole instruction cache in a single operation. R/W
After this bit has been set to 1, it will be read as 1 until clearing is completed.
The read value of this bit is 0 once clearing of the cache is completed.
7t03 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
2 ICHEIV Setting this bit to 1 allows the instruction cache to be automatically disabled R/W 0
(ICHEN bit to be cleared to 0) when a cache error occurs.
1 ICHEMK Setting this bit to 1 selects masking of cache error exception notifications for R/W 1
the CPU when cache errors are encountered.
0 ICHEN This bit disables or enables the instruction cache. R/W 1
0: Instruction cache is disabled.
1: Instruction cache is enabled.
This bit is read as the previous value until the setting is actually reflected in
the instruction cache.
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(g) ICCFG — Instruction cache configuration register

This register shows the configuration of the instruction cache.

31 17 16 15 14 8 7 4 3 0
ICCFG 1oloo ololo]ololofo]o]ool1]o] = chsize | icHUNE | 1cHway Va(')%%ffi%rsf:et
Table 3.56 ICCFG Register Contents
Value After

Bit Position Bit Name Function RIW Reset
31to 17 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
16 Reserved (Reserved for future expansion. Be sure to set to 1.) R 1
15 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
14t0 8 ICHSIZE These bits indicate the capacity (in Kbytes) of the instruction cache. R 104

001 0000: 16 Kbytes
7t04 ICHLINE These bits indicate the number of lines per 1 way in the instruction cache. R 84

1000: 256 lines
3to0 ICHWAY These bits indicate the number of ways of the instruction cache. R 4y

0100: 4 ways
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(h) 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. Also, the ICERR register is not updated while the cache is being accessed
by the CILD instruction.

313029 28272625242322212019 1817 16 151413 12 4 3210
ICERR Wl o |8 2 9| w ! LU L e | value after reset
EO§£EE8g005§EE§§0|CHE ICHEIX AT ] A
2} w%mmmﬂ EEEEIIDC WY 155 T
O W | | o) w W | | | w|w o= = )
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 (Reserved for future expansion. Be sure to clear to 0.) R 0
29 ESMH Error status: multi-hit R/W Undefined
28 ESPBSE Error status: way error R/W Undefined
27 ESTE1 Error status: 1-bit error in the tag RAM R/W Undefined
26 ESTE2 Error status: 2-bit error in the tag RAM R/W Undefined
25 ESDC Error status: 1-bit correction in the data RAM R/W Undefined
24 ESDE Error status: 2-bit error in the data RAM R/W Undefined
23,22 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
21 ERMMH Error exception notification mask: multi-hit R/W 0
20 ERMPBSE Error exception notification mask: way error R/W 0
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 (Reserved for future expansion. Be sure to clear to 0.) R 0
14, 13 ICHEWY These bits retain a way number where a cache error occurs. R/W Undefined
12to 5 ICHEIX These bits retain a cache index where a cache error occurs. R/W Undefined
4 ICHERQ Setting of this bit to 1 indicates that the CPU is being notified of a cache error R/W 0
exception. If cache error exceptions are masked, however, the CPU is not
notified of an exception even when this bit is set to 1.
3 ICHED This bit indicates that an error occurs in the data RAM. R/W 0
2 ICHET This bit indicates that an error occurs in the tag RAM. R/W 0
1 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
0 ICHERR This bit is set to 1 when a cache error occurs. R/W 0
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(7) Data Buffer Operation Function Registers
(a) Data buffer control function system registers

Data buffer control system registers are read from or written to by using the LDSR and STSR

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

Table 3.58 Data Buffer Operation Function Registers

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

(b) CDBCR — Data Buffer Control Register

This register controls the data buffer.

31 210
CDBCR x| =|Value after reset
0000000OO0000000000000000000008g 0000 0001y,
ale
olo
Table 3.59 CDBCR Register Contents
Value After
Bit Position Bit Name Function R/W Reset
31to2 Reserved (Reserved for future expansion. Be sure to clear to 0.) R 0
1 CDBCLR When this bit is set to 1, the data buffer is cleared at a time. This bitis 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

A 16-Kbyte and 4-way set-associative Instruction Cache is mounted between the CPU1 and the Code
Flash. The Instruction Cache and the Code Flash are connected to each other via a 128-bit dedicated
bus to minimize penalties caused by a cache miss-hit. Also a Data Buffer is mounted between the
CPUL1 and the Code Flash to achieve high-speed data access. The 32-MB area from 0000 0000y to
01FF FFFFy in the address space is intended for the Instruction Cache and Data Buffer.

2\ PE
® CPU1
S|« Instruction cache [«

Code Flash |« E

G
S Data buffer

A

Figure 3.2 Instruction Cache and Data Buffer
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3.2.2.2 Instruction Cache Function

The 16-Kbyte and 4-way set-associative cache includes four ways consisting of 256-entry blocks of
four words per line, amounting to 16-Kbyte capacity in total. The ways are divided into two groups,
way group 0 consisting of way0 and way1 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. CPU instruction fetches
from the Code Flash are performed via the instruction cache.

Addresses 0000000 I

Address 24 to 12
(ITAG)

31 25 24 12 11 4 3 0
Way Group 1 (Way 2 and 3) )
[ [T T [ 1 LRU
Way Group 0 (Way 0 and 1) |
| IV N Lo W ]
0 I v[iL]| T1ac |[Ecc [T =
Entry selection Tag arra LRU
Lot
- - - - : 1 bit
255 Il bit|1 bit| 14 bits | 7 bits EE—
I SED/DED B SEC/DED SEC/DED
| - ]
k | Comparison of ITAG |—>| Way selection | j
Hit signal in Hit signal in Read-out data in Read-out data in
Way Group 0w Way Group 1 Way Group 0 W Way Group 1
N — .
Way group selection Way group selection
Hit signal Read-out data

Figure 3.3
Tag Array
V bit

L bit

TAG

ECC

Instruction Cache Configuration

This bit indicates whether valid data is stored in the cache line. Setting of this bit to 1 makes
the cache line data valid. The V bit is initialized to 0 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 can not 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 12 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, The 128-bit cache line data is stored per 32 bits as follows: the bits [127:96], [95:64], [63:32],
DATH_L, [31:0] in the DATH_H, DATL_H, DATH_L, and DATL_L, respectively. In the CIST or CILD
DATL_H, operation in response to a cache instruction, the ICDATH register is used for DATH_H and
DATL_L DATH_L and ICDATL is used for DATL_H and DATL_L.

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

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

When writing test data to the tag array of the instruction cache in the CIST instruction
and then fetching the relevant line, write the tag information in units of way group. For
example, when writing tag information to a line on the way 0 side of way group 0, also
write the tag information of the same line on the way 1 side and then perform
instruction fetch

e When writing data to way group 0 (wayO, way1l), write a value that makes the
Exclusive OR of the ICTAGL.LPN bit 0.

e When writing data to way group 1 (way2, way3), write a value that makes the
Exclusive OR of the ICTAGL.LPN bit 1.

When a value other than those above is written to the tag array and instruction fetch is
performed, a way error occurs and the ICERR.ESPBSE bit is set to 1. When the same
tag information is written to the same lines of two ways in a way group and instruction
fetch is performed, a multi-hit error occurs and the ICERR.ESMH bit is set 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 Reliability Functions

3.2.3.1 PE Guard Function (PEG)

(1) Overview of the PEG Function

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

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

e Detecting PE guard violation

If the external master outside the PE makes an unauthorized access to the resource area in the PE
for which PE guard is set, the access is detected as a PE guard violation. PE Guard informs it to
ECM and reports the details about the access in registers.

¢ 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.

o Notifying occurrence of violation

An error response to an unauthorized access is sent to the request source of external master
(except H-Bus master peripherals). When the DMAC or DTS makes an unauthorized access,
meanwhile, a DMA transfer error is detected.

(2) Protection Made by SPID

e Setting PEG Protection

— Up to eight 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) for each
area.

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

1. When any of enabled area 0 to area 7 is to be accessed, go to step 2.
Otherwise, return an error response.

2. 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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3)

List of PEG Protection Setting Registers

Make necessary settings for the following registers to protect PE resources from unauthorized accesses

by the external master.

e Accesses to the Local RAM in the PE are permitted as detection targets.

o For accesses to the register set, no access restriction is provided independently for the PEG

function. Set access protections such as IPG at the user side as necessary.
e To set PEG protection, follow the procedure below. (n=0to 7)

— Set the PE guard area n mask setting register as PEGGnMK.
— Set the PE guard area n base setting register as PEGGnBA.

Table 3.60 PEG Protection Setting Registers (Base Address: FFFE E600)

Address Size Operable Bit Value After
Offset (Byte) Register Name Abbreviation Right RW 1 8 16 32 Reset
+080y 4 PE guard area 0 mask setting register PEGGOMK — RW — N N W 003F FO00y
+084y, 4 PE guard area 0 base setting register PEGGOBA — RW — AN FE80 0003y
+088y 4 PE guard area 0 enable setting register PEGGOSP — RW — N A N 0000 0003,
+0904 4 PE guard area 1 mask setting register PEGGIMK — RW — N N W 0000 0000y
+094, 4 PE guard area 1 base setting register PEGG1BA — RW — AN 0000 0000y
+098y, 4 PE guard area 1 enable setting register PEGG1SP — RW — N A N 0000 0000,
+0AO0y 4 PE guard area 2 mask setting register PEGG2MK — RW — N N W 0000 0000y
+0A4y 4 PE guard area 2 base setting register PEGG2BA — RW — A A 0000 0000y
+0A8y, 4 PE guard area 2 enable setting register PEGG2SP — RW — N A N 0000 0000,
+0BOy 4 PE guard area 3 mask setting register PEGG3MK — RW — N N W 0000 0000y
+0B4y 4 PE guard area 3 base setting register PEGG3BA — RW — A A 0000 0000y
+0B8y 4 PE guard area 3 enable setting register PEGG3SP — RW — N A N 0000 0000,
+0C0y 4 PE guard area 4 mask setting register PEGG4MK — RW — N N W 0000 0000,
+0C4y 4 PE guard area 4 base setting register PEGG4BA — RW — A N 0000 0000
+0C8y 4 PE guard area 4 enable setting register PEGGA4SP — RW — N A N 0000 0000,
+0D0y 4 PE guard area 5 mask setting register PEGG5MK — RW — N N W 0000 0000
+0D4y 4 PE guard area 5 base setting register PEGG5BA — RW — A N 0000 0000
+0D8y 4 PE guard area 5 enable setting register PEGG5SP — RW — N A N 0000 0000,
+0EOy 4 PE guard area 6 mask setting register PEGGBMK — RW — N N W 0000 0000,
+0E4y 4 PE guard area 6 base setting register PEGG6BA — RW — A N 0000 0000
+0E8y 4 PE guard area 6 enable setting register PEGG6SP — RW — N A N 0000 0000,
+OF0y 4 PE guard area 7 mask setting register PEGG7MK — RW — N N W 0000 0000,
+OF4y 4 PE guard area 7 base setting register PEGG7BA — RW — A N 0000 0000,
+0F8y 4 PE guard area 7 enable setting register PEGG7SP — RW — N A N 0000 0000,
Table 3.61 PE guard Error Status Registers (Base Address of PEL: FFC4 A200y)
Value After

Address Offset Register Name Register Symbol R/W Reset

+00y PE guard Error Status Control Register PGERRSTATCTL_PE1 R/IW 0000 0000

+04y, PE guard Error Status Register PGERRSTAT_PE1 R 0000 0000,

+08y PE guard Error Information Register PGERRINFO_PE1 R 0000 0000,
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(4) Register Set
(@) PEGGNMK — PE Guard Area n Mask Setting Register (h =0to 7)

In combination with the PEGGnBA register, this register specifies a range or ranges within PE guard
protection area n. Setting a GhMASK bit to 1 masks the corresponding address bit in the PEGGnBA
register and places the corresponding area or area inside the range of PE guard area n. The minimum
size of the PE guard protection area is 4KB.

Ex) With the settings of PEGGnBA[31:12]=FEBF6,, and PEGGnMK][31:12]=00008,, the PE guard
protection area n is specified within the ranges from FEBF 6000y to FEBF 6FFF and FEBF E000 to
FEBF EFFFy.

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

GnMASK

Value after reselt 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
*.

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

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

GnNMASK — — — — — — — — — — — —

Value after resslt 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R R R R R R R R R R R R

Note 1. Refer to Table 3.60, PEG Protection Setting Registers (Base Address: FFFE E600y).

Table 3.62 PEGGNMK Register Contents

Bit Position Bit Name Function
31to 12 GnMASK 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.
11to 0 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
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(b) PEGGNnBA — PE Guard Area n Base Setting Register (h=0to 7)

In combination with the PEGGnMK register, this register specifies a range or ranges within PE guard
protection area n. 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 after reselt 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 1 10 9 8 7 6 5 4 3 2 1 0
GnBASE — — — — — — — G”'koc — | GnWR | GnRD | GnEN
Value after reselt 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
*.
R/W  R/W R/W R/W R/W R R R R R R R w R R/W R/W R/W
Note 1. Refer to Table 3.60, PEG Protection Setting Registers (Base Address: FFFE E600,).
Table 3.63 PEGGNBA Register Contents
Bit Position Bit Name Function
31to 12 GnBASE Base address that specifies PE guard protection arean
11 t05 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
4 GnLOCK Enables write protect to the registers (PEGGnBA, PEGGnNMK, PEGGnSP) of
PE guard control. This bit can be written once after reset.
0: Registers are not protected.
1: Registers are protected.
3 Reserved This bit is always read as 0. The write value should always be 0.
2 GnWR Enables write access to PE guard protection arean.
0: Write access is disabled.
1: Write access is enabled.
1 GnRD Enables read access to PE guard protection arean.
0: Read access is disabled.
1: Read access is enabled.
0 GnEN Enables the access enable condition settings for the PE guard protection area
n.
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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(c) PEGGNnSP — PE Guard Area n enable Setting Register (n =0to 7)

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
GnSPm
Value after reselt 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 1 10 9 8 7 6 5 4 3 2 1 0
GnSPm
Value after reselt 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
Note 1.  Refer to Table 3.60, PEG Protection Setting Registers (Base Address: FFFE E600,).
Table 3.64 PEGGNSP Register Contents
Bit Position Bit Name Function
31to0 GnSPm Set bit m to 1 to enable the access to the region n by the SPID m.
(m =0 to 31, shows bit position)
0: Access with SPID is not allowed.
1: Access with SPID is allowed.
(d) PGERRSTATCTL_PE1 — PE Guard Error Status Control Register
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Value after reset
RIW 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
— — — — — — — — — — — — — — | CLRO | CLRE
Value after reset 0 0
RIW R R R R R R R R R R RW  RW
Table 3.65 PGERRSTATCTL_PE1 Register Contents
Bit Position Bit Name Function
31lto2 Reserved When written, write value after reset. Read value is always value after reset.
1 CLRO Clear the OVF bit of PGERRSTAT_PEL1 by writing this bit to “1”.
0: Clear is completed.
1: Clear is on execution.
0 CLRE Clear the ERR bit of PGERRSTAT_PEL1 by writing this bit to “1”.

0: Clear is completed.
1: Clear is on execution.
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(e) PGERRSTAT_PE1 — PE Guard Error Status Register

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

Value after reset

RW R R R R R R R R R R R R R R R R
Bt 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
— — — — — — — — — — — — — — | ovF | ERR

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

Table 3.66 PGERRSTAT_PEL1 Register Contents

Bit Position Bit Name Function
31to2 Reserved When written, write value after reset. Read value is always value after reset.
1 OVF 0: No or one access violation has occurred

1: More than one access violation has occurred

0 ERR 0: No access violations have occurred
1: At least one access violation has occurred

() PGERRINFO_PE1 — PE Guard Error Information Register

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

Value after reset

RW R R R R R R R R R R R R R R R R
Bt 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
— — — — — — — — PEID SPID

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

Table 3.67 PGERRINFO_PE1 Register Contents

Bit Position Bit Name Function
31to8 Reserved When written, write value after reset. Read value is always value after reset.
7t05 PEID PEID of the bus master that initiated the access
4100 SPID SPID of the bus master that initiated the access
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3.2.3.2 PE’s Internal Peripherals Protection Function (IPG)

(1) Overview of the IPG Function

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

step (1) Detecting violation of peripherals protection

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

step (2) Storing unauthorized-access information

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

step (3) Blocking unauthorized accesses

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

step (4) Notifying violation

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

For system error exceptions (SYSERR exceptions), see Section 3.2.3.3, System Error
Notification Control Function (SEG).

step (5) Invalidating subsequent accesses

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

NOTE

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

e This function invalidates accesses according to their attributes (including address, transfer type,

and access right).

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

e When a request for accessing different peripherals simultaneously is made due to misalignment or

double-word access, the access is executed when all such accesses are enabled.

(3) IPG Protection Setting Registers for lllegal Users

To protect peripherals from unauthorized accesses by programs in user mode, necessary settings are
required for the registers listed below.

e Accesses in user mode are to be detected.

e This register set is intended for IPG settings related to user mode and reading the IPG settings in

own machine.

Table 3.68 IPG registers (Base Address: FFFE E000y)

. Operable Bit

Address Size Value After
Offset (Byte) Register Name Abbreviation Rightt RW 1 8 16 32 Reset
+002 2 Peripherals protection violation access information IPGECRUM SV RW — — —  Undefined

register (retained)
+008y 4 Peripherals protection violation access address IPGADRUM SV RW — — — Undefined

register (retained)
+00Dy 1 Peripherals protection enable register IPGENUM sV RW ~ v — — 004
+020 1 Peripherals protection setting register 0 IPGPMTUMO sV RW ~ v — — 004
+021y 1 Peripherals protection setting register 1 IPGPMTUM1 sV RW N — — 004
+022y 1 Peripherals protection setting register 2 IPGPMTUM2 sV RW ~ v — — 004
+023y 1 Peripherals protection setting register 3 IPGPMTUM3 sV RW ~ v — — 004
+024, 1 Peripherals protection setting register 4 IPGPMTUM4 sV RW Y v  — — o004

Note 1.  Registers for which “SV” is described are accessible by accesses with SV right (UM = 0).
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(4) Register Set

(@) IPGECRUM — Peripherals Protection Violation Access Information Register

Bit 15 14 13 12 11 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
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 3.69 Register Contents of IPGECRUM

Bit Position Bit Name Function

15, 14 Reserved When read, the value after reset is returned. When writing, write the value after
reset.

13t0 8 Reserved The read value is undefined. The write value should always be 0.

7t04 DS These bits store the data size of access that made a violation.

1000: Double-word (8 bytes)

0100: Word (4 bytes)

0010: Half-word (2 bytes)

0001: Byte Other than above: RFU

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

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

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

0 VD This bit is set to 1 when a violation of peripherals protection is detected by a
program with the relevant right. If another violation of peripheral protection is
detected, data of this IPGECRUM register and the IPGADRUM register is
updated.

NOTE

When the IRE bit value of the IPGENUM register (described later) is 0 and violation of peripherals
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 — Peripherals Protection Violation Access Address Register

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
EADR
Value after reset  x X X X X X X X X X X X X X X X
RW R/W R/W R/W RW RW RW RW RW R/W R/W  R/W R/W RIW  R/W RIW  R/W
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
EADR
Value after reset  x X X X X X X X X X X X X X X X
RW R/W R/W R/W RW RW RW R/W R/W RW  RW  R/W R/W RIW  R/W R/W  R/W

x: Undefined (retained)

Table 3.70 Register Contents of IPGADRUM

Bit Position Bit Name Function

31to0 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 peripherals
protection by a program operating in user mode is an instruction fetch read access, no bit of this register

is updated.
(c) IPGENUM — Peripherals Protection Enable Register
Bit 7 6 5 4 3 2 1 0
_ — — — — — IRE E
Value after reset 0 0 0 0
R/W R R R/W R/W
Table 3.71 Register Contents of IPGENUM

Bit Position Bit Name Function

7t02 Reserved When read, the value after reset is returned. When writing, write the value after
reset.

1 IRE This bit sets whether to store the access information in the peripherals
protection violation access address register and the peripherals protection
violation access information register when a violation of peripherals 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 peripherals protection function against accesses

by the relevant access right.
0: The peripherals protection function is disabled. (Value after reset)
1: The peripherals protection function is enabled.
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(d) IPGPMTUMO — Peripherals Protection Setting Register 0

Bit 7 6 5 4 3 2 1 0
— X1 w1 R1 — — — —
Value after reset 0 0 0 0
RIW R RIW RIW RIW R R R R
Table 3.72 Register Contents of IPGPMTUMO
Bit Position Bit Name Function
7 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
6 X1 This bit sets whether to enable instruction fetch read access to Peripheral IP
groups.
0: Instruction fetch read access to Peripheral IP groups is treated as violation.
(Value after reset)
1: Instruction fetch read access to Peripheral IP groups is not restricted.
5 w1 This bit sets whether to enable write access to Peripheral IP groups.
0: Write access to Peripheral IP groups is treated as violation. (Value after
reset)
1: Write access to Peripheral IP groups is not restricted.
4 R1 This bit sets whether to enable read access to Peripheral IP groups.
0: Read access to Peripheral IP groups is treated as violation. (Value after
reset)
1: Read access to Peripheral IP groups is not restricted.
3to0 Reserved When read, the value after reset is returned. When writing, write the value after

reset.

(e) IPGPMTUM1 — Peripherals Protection Setting Register 1

Bit 7 6 5 4 3 2 1 0
— X1 — — — X0 — —
Value after reset 0 0 0
R/W R RIW R R R RIW R R
Table 3.73 Register Contents of IPGPMTUM1
Bit Position Bit Name Function
7 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
6 X1 This bit sets whether to enable instruction fetch read access to GRAM Bank B.
0: Instruction fetch read access to GRAM Bank B is treated as violation. (Value
after reset)
1: Instruction fetch read access to GRAM Bank B is not restricted.
5t03 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
2 X0 This bit sets whether to enable instruction fetch read access to GRAM Bank A.
0: Instruction fetch read access to GRAM Bank A is treated as violation. (Value
after reset)
1: Instruction fetch read access to GRAM Bank A is not restricted.
1,0 Reserved When read, the value after reset is returned. When writing, write the value after

reset.
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( IPGPMTUM2 — Peripherals Protection Setting Register 2

Bit 7 6 5 4 3 2 1 0
— — w1 R1 — — WO RO
Value after reset 0 0 0 0 0 0
RIW R R RIW RIW R R RIW RIW
Table 3.74 Register Contents of IPGPMTUM2
Bit Position Bit Name Function
7,6 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
5 w1l This bit sets whether to enable write access to COMPTEST.
0: Write access to COMPTEST is treated as violation. (Value after reset)
1: Write access to COMPTEST is not restricted.
4 R1 This bit sets whether to enable read access to COMPTEST.
0: Read access to COMPTEST is treated as violation. (Value after reset)
1: Read access to COMPTEST is not restricted.
3,2 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
1 W0 This bit sets whether to enable write access to INTC1.
0: Write access to INTCL1 is treated as violation. (Value after reset)
1: Write access to INTCL1 is not restricted.
0 RO This bit sets whether to enable read access to INTC1.

0: Read access to INTC1 is treated as violation. (Value after reset)
1: Read access to INTCL1 is not restricted.

(g) IPGPMTUM3 — Peripherals Protection Setting Register 3

Bit 7 6 5 4 3 2 1 0
— — w1 R1 — —
Value after reset 0 0 0
RIW R R RIW RIW R R
Table 3.75 Register Contents of IPGPMTUMS3
Bit Position Bit Name Function
7,6 Reserved When read, the value after reset always is read. When writing, always write the
value after reset.
5 wi This bit sets whether to enable write access to SYSERRGen.
0: Write access to SYSERRGen is treated as violation. (Value after reset)
1: Write access to SYSERRGen is not restricted.
4 R1 This bit sets whether to enable read access to SYSERRGen.
0: Read access to SYSERRGen is treated as violation. (Value after reset)
1: Read access to SYSERRGen is not restricted
3to0 Reserved When read, the value after reset always is read. When writing, always write the

value after reset.
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(h) IPGPMTUM4 — Peripherals Protection Setting Register 4

Bit 7 6 5 4 3 2 1 0
— X1 w1 R1 — — wo RO
Value after reset 0 0 0 0 0 0
RIW R RIW RIW RIW R R RIW RIW
Table 3.76 Register Contents of IPGPMTUM4
Bit Position Bit Name Function
7 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
6 X1 This bit sets whether to enable instruction fetch read access to peripherals to be
connected to the H-Bus.
0: Instruction fetch read access to peripherals to be connected to the H-Bus is
treated as violation. (Value after reset)
1: Instruction fetch read access to peripherals to be connected to the H-Bus is
not restricted.
5 w1 This bit sets whether to enable write access to peripherals to be connected to
the H-Bus.
0: Write access to peripherals to be connected to the H-Bus is treated as
violation. (Value after reset)
1: Write access to peripherals to be connected to the H-Bus is not restricted.
4 R1 This bit sets whether to enable read access to peripherals to be connected to
the H-Bus.
0: Read access to peripherals to be connected to the H-Bus is treated as
violation. (Value after reset)
1: Read access to peripherals to be connected to the H-Bus is not restricted.
3,2 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
1 W0 This bit sets whether to enable write access to PEG.
0: Write access to PEG is treated as violation. (Value after reset)
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. (Value after reset)
1: Read access to PEG is not restricted
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3.2.3.3  System Error Notification Control Function (SEG)

Errors due to an instruction fetch or data access can be the sources of system error exceptions. A
SYSERR exception is an FE level exception from which return or recovery is not possible.

SEG (SysErrGen) controls the notification and record of the error by the data access. Instruction cache
errors occurred on the RAM are notified to the SEG. For details, see section (a) SEGCONT — Error
Notification Control Register and (c) Additional information on SYSERR exception.

Multiple error occurrence inputs are categorized according to error factors, and are processed
sequentially from the highest-priority error factor, generating an FE-level asynchronous exception
(SYSERR).

The bit position of the SEGFLAG register becomes the priority of error factors. Error factors of lower
bits take precedence over error factors of upper bits.

Error information is recorded once regardless of error frequency.

The error with the highest priority of error factor (in case errors occurred simultaneously) is valid.
Recorded error information is not overwritten by subsequent errors.

(1) List of SEG Function Control Registers
Table 3.77 SEG Register (Base Address: FFFE E980y)
Address  Size Operable Bit Value After
Offset (Byte) Register Name Abbreviation Right R/W 1 8 16 32 Reset
+004 2 Error notification control register SEGCONT — RwW=* — — N — 0000y
+02y 2 Error occurrence retention register SEGFLAG — RwW+* — — v — 0000y
+08y 4 Error factor retention register (address) SEGADDR — RW=* —  — 4 N Undefined
(retained)
Note 1.  Write accesses from user mode are ignored.
NOTE
o |f an access is made with an address offset or operable bits other than those specified
above, an error response is returned.
e Write access is only possible with the SV privilege (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
(@) SEGCONT — Error Natification Control Register

e This register is used to enable (= 1) or disable (= 0) notification of SYSERR request in response to
error flags that store error occurrence status according to factors.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— — — — — — VPGE | VCRE — TCME — VCIE — ICCE — NEE

Value afterreset 0 0 0 0 0 0 0 0 0
RW R R R R R R R/W R/W R R/W R R/W R R/W R R/W

Table 3.78 SEGCONT Register Contents (1/2)

Bit Position Bit Name Function

15to 10 Reserved When read, the value after reset is returned. When writing, write the value after
reset.

9 VPGE This bit notifies an error in writing access to P-Bus.

The error includes the followings:
e P-Bus guard error
e Address EDC error
e Data ECC error
e Access to unimplemented area in the P-Bus

8 VCRE This bit notifies the IPG violation access detection and subsequent access
blocking (including instruction fetch).*!
7 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
6 TCME This bit notifies an error in accessing data to local RAM.
The error includes the following cases:
e ECC error
e Access to the RAM-unimplemented area in the local RAM
5 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
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Table 3.78 SEGCONT Register Contents (2/2)

Bit Position Bit Name

Function

4 VCIE This bit notifies an error from the GRAM, Code Flash, H-bus or P-bus.
The error includes the followings:
e inreading access to P-Bus
— P-Bus guard error
— Address EDC error
— Data ECC error
— access to unimplemented area in the P-Bus
e access to unimplemented area in the CPU-specific functions
¢ in access to H-Bus
— H-Bus guard error
— access to unimplemented area in the H-Bus area
e in access to Code Flash
— Address Parity error
— Data ECC error
e in access to system peripheral
— FFFF 0000y to FFFF 4FFFy
— FFFE 00004 to FFFE BFFFy
— FBO00 0000y to FE9F FFFFy
— F300 0000y to F8FF FFFFy
e in access to Global RAM
— GRAM guard error
— Address ECC error
— Data ECC error
e This bit notifies of an IPG violation access detection and subsequent access
blocking.*!
e 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 When read, the value after reset is returned. When writing, write the value after
reset.
2 ICCE Instruction cache error notification enable
The error occurred in the instruction cache is handled when the instruction
cache system register, ICCTRL.ICHEMK, is set to 0 (whose value after reset is
1):
F)or instruction cache errors, see (h) ICERR — Instruction Cache Error Register
in Section 3.2.1.2, Register Set
1 Reserved When read, the value after reset is returned. When writing, write the value after
reset.
0 NEE This bit notifies the correctable ECC error.

Code Flash, Global RAM, Local RAM.
To enable this function, it is necessary to set VCIE or TCME bit to 1 at the same
time.

Note 1.  Please refer the IPGADRUM register of Section 3.2.3.2, PE’s Internal Peripherals Protection Function
(IPG) for an error factor addresses.
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(b) SEGFLAG — Error Occurrence Retention Register

e The register SEGFLAG indicates from which slaves error responses have been received so far.
SEGFLAG is not cleared automatically. Clearing can be performed by writing a zero into the
register.

e \Writing to the register enables both setting and clearing.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— — — — — — |VPGF|VCRF| — |TCMF| — | VCIF| — |ICCF| — —

Value afterreset 0 0 0 0 0 0 0 0 0
R/W R R R R R R R/W R/W R R/W R R/W R R/W R R

Table 3.79 SEGFLAG Register Contents

Bit Position Bit Name Function

1510 10 Reserved When read, the value after reset is returned. When writing, write the value after
reset.

9 VPGF Flag corresponding to bit 9 of the SEGCONT register

8 VCRF Flag corresponding to bit 8 of the SEGCONT register

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

6 TCMF Flag corresponding to bit 6 of the SEGCONT register

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

4 VCIF Flag corresponding to bit 4 of the SEGCONT register

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

reset.

2 ICCF Flag corresponding to bit 2 of the SEGCONT register

1,0 Reserved When read, the value after reset is returned. When writing, write the value after
reset.

Table 3.80 Relationship Between System Error Exception Cause Code and SEGFLAG

FEIC Error Cause
10y Reserved
114 Instruction fetch from Code Flash
12, SEGFLAG.ICCF
134 Instruction fetch from other than Code Flash
14y SEGFLAG.VCIF
154 Reserved
16y SEGFLAG.TCMF
174 Reserved
18y SEGFLAG.VCRF
194 SEGFLAG.VPGF
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(c) SEGADDR — SEG Error Information Register (Address)

This register records information of an error source that notifies a SYSERR request (only one history is
recorded). It records the addresses where the error factors for the VCIF and TCMF bits of the
SEGFLAG register were found. The error factors except VCIF and TCMF bits will be recorded as
0000 00004 This register cannot be modified when the error occurrence flag to enable notification is

set.

Bit 31 30

26 25 24 23

18 17 16

Address[31:16]

Value afterreset  x X

RW RW*L Rt

Bit 15 14

X X X X

RW+ Rw+ Rws Rt

10 9 8 7

X X X

RW*L Rw+L RwL

Address[15:0]

Value afterreset  x x

R/W RMW* R/t
x: Undefined (retained)

X X X X

RW+ Rw+ Rws R

X X X

RW*L Rw+L  RwL

Note 1.  This register cannot be modified when the error occurrence flag to enable notification is set.

Table 3.81

SEGADDR Register Contents

Bit Position

Function

31to0

Address[31:0]

These bits hold the address at which SYSERR was generated. (If the error was
caused by an access to the local RAM area, the lower 19 bits of the address are

held, and the upper 13 bits are cleared to 0.)
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(3) SEG Function
(@) 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.”
e Conditions for starting SYSERR request notification

— Even if a SEGFLAG register bit is set to 1, notification is not made.
— Notification is made immediately after a SEGCONT register bit is set to 1.
— After clearing SEGFLAG register bits of error notification subject, notification is made
depending on priority of SEGFLAG register bits except for cleared bits (re-arbitration).
e 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.

— Ifan 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 above
register.

— No information is retained by setting or clearing an error flag described in “(3) (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.

o While the notification-enabled error flag described in “(3) (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 cancel the register overwrite prohibition, clear either SEGCONT or SEGFLAG register (or
both of them).

(c) Additional information on SYSERR exception

e Evenifan SYSERR exception occurs, the value of the PSW.EBV bit is kept and the base address
of an exception handler does not change.

e Error detection in instruction cache
Even if an error is detected in instruction cache, resumable SYSERR exception by instruction
fetch factor does not occur. Instruction cache automatically invalidates the entry which includes
an error and the CPU continues the instruction execution by refeching from the Code Flash. When
the ICCTRL.ICHEMK bit in the system register is set to 0, an error occurred in instruction cache
is notified to the SEG.
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3.2.3.4 Checker Core

The CPU1 (PE1) has the Checker Core for safety assurance, resulting in a highly reliable system.
Monitoring the outputs from the CPU1 (PE1) and the Checker Core with the comparator all the time
enables immediate detection of the CPU1 (PE1) abnormal operations. Duplication by the checker core
covers the CPU core, FPU, MPU, PEG, IPG, SEG, and INTC1. The CPU1 can also conduct a fault
diagnosis test of its own comparator through a pseudo-error generated by the COMPTEST module.
Please refer to Section 31, Functional Safety for detail.

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 Overview

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 understood by referring to the PEID. The
following shows the PEID of this product.

CPU core PEID
CPUL1 (PE1) 001g

3.3.2 Exclusive Function

The Local RAM and Global RAM are available as a resource for exclusive control. Atomic operation
instructions LDL/STC, CAXI, SET1, CLR1, and NOT1 can be performed for the Local RAM and the
Global RAM. Such instructions can not be performed to H-Bus area.

3.3.3 Write-Through Buffer for Global RAM

It is accessible by CPU core through a 64-bit bus. CPU1 (PE1) has a Write-Through Buffer (WT-Buffer
or WT-Buf for short). The WT-Buf consists of 2 banks (one for each GRAM bank) and each bank
consists of 8 entries x 64bits. The WT-Buf behavior is summarized below according to access type
from PE:

Read hit: data are returned from the WT-Buf.

Read miss: data are read from GRAM and they are registered in WT-Buf

Write hit: Both WT-Buf and GRAM are updated

Write miss (no RmW): Both WT-Buf and GRAM are updated

Write miss (with RmW): Read from GRAM first and write the parts to both WT-Buf and GRAM

The data coherency between GRAM and WT-Buffer is always kept because the same data is always
written to GRAM and WT-Buffer at the same time. The data coherency between PE and DMA is also
kept, as DMA writes to GRAM as well as WT-Buffer at the same time and DMA always reads from
GRAM not from WT-Buffer.

The WT-Buffer equips invalidation timer to invalidate the entries automatically. Invalidation timer
cycle count can be chosen from 16-cycles/64-cycles/256-cycles. Software invalidation is also possible
and one register is provided for this purpose.

The WT-Buffer configuration itself can also be chosen either On or Off. After reset, WT-Buffer is set as
on.
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(1) List of Write-Through Buffer Control Registers

Table 3.82 Write-Through Buffer Control Register (Base Address: FFFF 7A004)
Address Register Name Function Access Width Value after reset
<GRAMC_QOSREG_base> + 4y GRAMCWTBCONFIGO GRAMC WTBUuf Configuration Register 0 32bit 0000 0001y
<GRAMC_QOSREG_base> + 8 GRAMCWTBCONFIG1 GRAMC WTBuf Configuration Register 1 32bit 0000 0007
<GRAMC_QOSREG_base> + Cy GRAMCWTBCONFIG2 GRAMC WTBUf Configuration Register 2 32bit 0000 0000

(2) Register Sets
(a) GRAMCWTBCONFIGO — GRAMC WTBuf Configuration Register O

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Value after reset
RIW 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 . . o o o . o o o o WThbuf
Mode
Value after reset 1
RIW R R R R R R R R R R R R R R R R/IW
Table 3.83 GRAMCWTBCONFIGO Register Contents
Bit Position Bit Name Function
3l1tol Reserved When read, the value after reset is returned. When writing, write the value after
reset.
0 WTBufMode This bit sets whether to enable WT Buf
0: disable WT Buf
1: enable WT Buf
CAUTION

The value of GRAMCWTBCONFIG0.WTBufMode bit may be changed only when all bus masters are

not access to Global RAM.
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(b) GRAMCWTBCONFIG1 — GRAMC WTBuf Configuration Register 1

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

Value after reset

R/W 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
WTBUFT]
— — — — — — — — — — — — — | WTBUfTmrCmp mreEn
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
R/W R R R R R R R R R R R R R R/W R/W R/W

Table 3.84 GRAMCWTBCONFIG1 Register Contents

Bit Position Bit Name Function

31to3 Reserved When read, the value after reset is returned. When writing, write the value after
reset.

2to 1 WTBUfTmrCmp  These bits set WT Buf invalidate timer count number.
00: 16 cycles
01: 32 cycles
10: 64 cycles
11: 256 cycles

0 WTBUfTmrEn This bit sets whether to enable WT Buf invalidation timer.
0: disable WT Buf invalidate timer count down
1: enable WT Buf invalidate timer count down
All WT Buf entries are flushed when this bit is set from 1 to 0.

(c) GRAMCWTBCONFIG2 — GRAMC WTBuf Configuration Register 2

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

Value after reset

R/W 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 o o o . o o . - __ |WTBUfT]
mcClr
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/IW R R R R R R R R R R R R R R R R+l

Note 1.  The function of this bit is used by read access.

Table 3.85 GRAMCWTBCONFIG2 Register Contents

Bit Position Bit Name Function

3ltol Reserved When read, the value after reset is returned. When writing, write the value after
reset.

0 WTBuUfTmcClr When this register is read, All WT Buf entries are flushed. The read value of this

bit is always 0.
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3.4 Usage Notes

3.4.1 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 the CPU executes the
store instruction and before the control register is actually updated. Therefore, if the updated content of
the control register is to be used by the instruction following the store instruction, the appropriate
synchronization is required. 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 RH850G3M User’s Manual: Software.

3.4.1.1 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 El 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. Execute the store instruction to update a control register (ST.W, etc.).
2. Perform a dummy read of the above control register (LD.W etc.).
3. Execute SYNCP.
4. Execute the subsequent instruction (EI).
[Example 2]

Implement the same processing even when the access required after waiting to secure the updating of a
given control register (register A) is to another control register (register B). This includes the following
cases: the interlinked operation of different peripheral modules and when releasing the interrupt mask
in INTC after making peripheral module settings. However, this processing is unnecessary if control
registers A and B are in the same group of peripheral IP modules or control registers A and B are both
in the CPU’s own peripheral modules.

1. Execute the store instruction to update control register A (ST.W, etc.).

2. Perform a dummy read of the above control register (LD.W, etc.).

3. Execute SYNCP.

4. Execute the store instruction to access control register B (ST.W, LD.W, etc.).

The same processing is also required when access to control registers and memory within the scope of
protection starts after waiting for the completion of settings for safety functions such as memory
protection, ECC checking, and so on.

For details of the peripheral groups, see Section 1.4, Block Configuration.

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
RH850G3M User’s Manual: Software.

RO1UHO0585EJ0120 Rev.1.20 RENESAS Page 254 of 3121
Mar 23, 2018



RH850/P1M-E Section 3 CPU System

3.4.1.2 When the updated results of the control registers or memory to be used in the
instruction fetch of the subsequent instruction:

(&) In case of writing the instructions to the RAM before jumping to the RAM to execute
instructions from the RAM, take the following procedure.

1. Execute the store instruction to update a memory (ST.W, etc.).
Perform a dummy read of the above-mentioned memory (LD.W, etc.).

Execute SYNCP

> won

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.).
Perform a dummy read of the above-mentioned control register (LD.W, etc.).
Execute SYNCP.

Execute SYNCI.

a & W b

Execute the subsequent instruction (branch instruction, etc.).

3.4.1.3 When switching the code flash memory area:

In this case, see Section 9, Usage Notes, (7) Update of BFASELR register in the RH850/P1M-E Flash
Memory User’s Manual: Hardware Interface.

3.4.2 Accesses to Registers by Bit-Manipulation Instructions

Writing by using 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.

Write access to the FlexRay registers by using bit-manipulation instructions is not atomic. Access by
other masters may interrupt the read-modify-write processing of these instructions.

3.4.3 Ensuring Coherency after Code Flash Programming
The CPU has an efficient instruction cache and data buffer for the code flash area.

Therefore, after using self-programming to program the code flash memory, clear the instruction cache
and data buffer to ensure coherency. The instruction cache and data buffer can be cleared by using the
ICCTRL register and the CDBCR register, respectively.

3.44 Overwriting Context when Acknowledging Multiple Exceptions

Acceptance of an exception depends on the type of exception source, regardless of the states of the ID
and NP bits in the PSW register. When multiple exceptions are generated, the contents of the system
register which hold the context information are overwritten. For the conditions for acceptance and
whether correct return or recovery is possible for each exception source, see the List of Exception
Sources in the RH850G3M User’s Manual: Software.
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3.4.5 Usage Notes on Prefetching

CPU executes speculative instruction fetching from locations later than the current value of the
program counter to maintain the throughput of instruction fetches. Reading from memory due to such
prefetching may proceed even from locations to which instruction codes have not been assigned (note 1
in Figure 3.5). Please note the following. The CPU does not execute values read in such cases.

These notes apply to instruction fetching from memory in general.
e Occurrence of ECC errors due to values in memory being undefined

This prefetching may lead to an ECC error in case of reading from the code flash memory after it
has been erased or from the local RAM before initialization. When instruction codes are assigned
to memory, initialize said area with values as desired (note 1 in Figure 3.5).

o Detection of illegal access by the IPG

The 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 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 is assigned
48 bytes™
Branch - *
y/ Area where instruction code
is assigned
/I\ Execute an instruction
Area where no instruction/E\ Execute no instruction: read-only
A code is assigned
: !
Branch\. | 48 bytes
Area where instruction code
is 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

3.4.6 Usage Note when Exception is Acknowledged

SYNCP instruction must be inserted in front of exception handler, depending on the exception sources.

For the details, see the RH850G3M User's Manual: Software.
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Section 4

Table 4.1 shows the address space of the RH850/P1M-E.

Address Space

CAUTION

When making an access to the on-chip I/O register space, access the addresses shown
in this manual. Do not access an address that is reserved or not specified in this

manual. Otherwise, operation is not guaranteed.

4.1 Address Space

Table 4.1 Address Space
Address Address Space Type Size
0000 0000y, to ** Code Flash (user area) 1 MB/2 MB
*1 to 00FF FFFFy, Reserved
0100 0000y to 0100 7FFF Code Flash (extended user area) 32 KB
0100 8000y to 0100 9FFF Reserved
0100 A00Oy to 0100 BFFFy ECC test area 8 KB
0100 C000y to OFFF FFFFy Reserved
1000 0000y to 1FFF FFFF On-chip /O register (H-Bus Area) 256 MB
2000 0000y to FEBD FFFF Reserved
FEBE 0000y to FEBF FFFFy Local RAM (PEL1 area) 128 KB
FECO0 0000y to FEDD FFFFy Reserved
FEDE 0000y to FEDF FFFFy Local RAM (self) 128 KB
FEEO 0000y to FEEF 7FFFy Reserved
FEEF 8000y to FEEF FFFFy Global RAM (Bank A) 32 KB
FEFO 0000y to FEFO 7FFF Global RAM (Bank B) 32 KB
FEFO 8000 to FEFF FFFFy Reserved
FFOO 0000 to FFFD FFFFy On-chip 1/O register (P-Bus Area) 16 MB — 128 KB

(FF20 0000y to *3)

(Data flash)

(32 KB/64 KB)

FFFE 0000y, to FFFE DFFF,

Reserved

FFFE E000y to FFFE FFFF

On-chip /O register (LPB Area self*z)

8 KB

FFFF 0000y to FFFF 4FFF,

Reserved

FFFF 5000y to FFFF FFFF,

On-chip 1/O register (P-Bus Area)

44 KB

Note 1.  1-MB device: 000F FFFF, 2-MB device: 001F FFFFy

Note 2.  The "self" on-chip I/O registers are in an area to which CPU-specific functions (SEG, PEG, IPG, INTC1) are

allocated. This area can only be accessed by CPU1 (PEL).
1-MB device: FF20_7FFFy, 2-MB device: FF20_FFFFy

Note 3.
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4.2  Address Space Viewed from Each Bus Master

Figure 4.1 shows address spaces viewed from each bus master.

4.2.1 Space in which instructions can be fetched
1. Instructions of PE1 can be fetched from the code flash, the local RAM (self) and the global RAM.
2. The reset vector (RBASE initial value) of PEL:

— When the startup mat is the user mat, its head address is 0000 0000y.

4.2.2 Data space accessible by PE1

All spaces are accessible.

4.2.3 Data space accessible by DMA (DMAC, DTS)

See Figure 4.1 for the accessible spaces from the DMA.
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4.2.4

Data space accessible by H-Bus master

See Figure 4.1 for the accessible spaces from the H-Bus.

FFFF

FFFF
FFFF

FFFF
FFFE

FFFE
FFFE

FFFE
FFFD

FFOO
FEFF

FEFO
FEFO

FEFO
FEEF

FEEF
FEEF

FEEO
FEDF

FEDE
FEDD

FECO
FEBF

FEBE
FEBD

2000
1FFF

1000
OFFF

0100
0100

0100
0100

0100
0100

0100
O00FF

0000

FFFFy

5000y
4FFF,

0000,
FFFF,

E000,
DFFF,

0000,
FFFF,

0000y
FFFF,

8000,
TFFF,

0000,
FFFF,

8000,
TFFF,

0000,
FFFF,

0000,
FFFF,

0000,
FFFF,

0000,
FFFF,

0000y
FFFF,

0000y
FFFF,

€000y
BFFF,

A00O,
OFFF,

8000y
TFFF,

0000,
FFFF,

*1
*1

0000y

Access from PE1

Access from DMA

Access from H-Bus

On-chip /O register

On-chip I/O register

Access prohibited

On-chip /O register

Access prohibited

Access prohibited

On-chip /O register

On-chip I/O register

Access prohibited

Access prohibited

Access prohibited

Global RAM (Bank B)

Global RAM (Bank B)

Global RAM (Bank B)

Global RAM (Bank A)

Global RAM (Bank A)

Global RAM (Bank A)

Access prohibited

Local RAM (self)

Access prohibited

Access prohibited

Access prohibited

Local RAM (PE1)

Local RAM (PE1)

Local RAM (PE1)

Access prohibited

Access prohibited

On-chip 1/O register

On-chip /O register

Access prohibited

Access prohibited

Access prohibited

ECC test area

ECC test area

ECC test area

Access prohibited

Code Flash
(Extended user area)

Access prohibited

Access prohibited

Access prohibited

Code Flash
(User area)

Code Flash
(User area)

Code Flash
(User area)

Note: The following color coding is used in the address space above.
Fetch and data access available
Data access available
Access prohibited
Note 1.  The capacity of the code flash differs between products. For details, see Section 4.1, Address Space.
Figure 4.1 Address Space Viewed from Each Bus Master
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4.3 Guard Function

The following table shows the guard function for each of memory area. In addition to these guard
functions, each PE has MPU function in itself.

Table 4.2 Guard function

Memory Area Access from Guard function
P-Bus Area All bus masters P-Bus Guard (PBG)
LPB Area Oown PE Internal Peripheral Guard (IPG)
Other bus masters PE Guard (PEG)
Local RAM Area All bus masters (except own PE) PE Guard (PEG)
H-Bus Area All bus masters H-Bus Guard (HBG)
Global RAM Area All bus masters GRAM Guard (GRG)
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Section 5  Operating Modes

51 Features

The device supports 2 operating modes.
Operating modes are selected by the FLMDO and FLMD1 pins, and decided when pin reset is released.
Table 5.1 shows the list of the operating modes.

Table 5.1 Selection of Operating Modes

Pins
FLMDO FLMD1 (P3_14) Operating Mode
0 X Normal operating mode
1 0 Serial programming mode
Other than above Settings are prohibited

51.1 Normal Operating Mode

This mode is for execution of the user program. The on-chip debug capabilities also use this
mode. After release from the reset state, instruction fetch is carried out from the user area. For
reset vector of a CPU, see Section 35, Flash Memory.

51.2 Serial Programming mode

The dedicated flash memory programmer enables erasing/writing to the flash memory. After
release from the reset state, this device boots up from the on-chip boot program and starts
connection in the specified transmission method. For details, see Section 35, Flash Memory.
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5.2  External Input Pins

Table 5.2 shows the list of external input pins. Pin levels latched from the FLMDO and FLMD1 pins
are reflected to the mode register (MODE). FLMD can be used as GPIO. The level on the FLMDO pin
can be set to prohibit programming and erasure of the code flash memory. When the FLMDO pin is at
the high level, programming and erasure of the flash memory are permitted; when it is at the low level
it is prohibited to program or erase the flash memory. For details, see Section 35, Flash Memory.

Table 5.2 External Input Pins

Pin Name 1/0 Function
FLMDO input Primary operating mode select pin
FLMD1 input Secondary operating mode select pin
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5.3  Register Description

5.3.1 List of Registers

Table 5.3 Register Configuration

Register Name Description Access Width Initial Value

Address

MODE Mode Register 32 0000 000Xy

FFF8 0104

Table 5.4 Register Reset Condition

Reset Condition

Register Name Power On Reset System Reset 1 System Reset 2

Application Reset 1

MODE — N —

Note 1.  Pin reset only

5.3.2 MODE — Mode Register

This register indicates the operating mode of the device.

The pin levels to be latched from FLMDO and FLMD1 pins when pin reset is released, are reflected.

Access:  This register can only be read in 32-bit units.
Address:  FFF8 0104y
Value after reset: 0000 000Xy

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
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
— — — - — — — — - — — — — — |FLMD1|FLMDO
Value after reset _ _
RIW R R R R R R R R R R R R R R R R
Table 5.5 MODE Register Contents
Bit Position Bit Name Function
31to2 Reserved When read, the value after reset is read.
1 FLMD1 This bit indicates the level of the latch for the FLMD1 pin

0: Low-level detection
1: High-level detection

Note: This bit is always read “0” in normal operating mode.

0 FLMDO This bit indicates the level of the latch for the FLMDO pin

0: Low-level detection
1: High-level detection
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Section 6 Interrupt

The interrupt controller (INTC) determines priority of interrupt sources and controls interrupt requests
to the CPU. The INTC has a register to set priority of each interrupt. Interrupt requests are processed
according to the priority set in this register by the user.

6.1 Overview

e Interrupt sources

— One non-maskable interrupt (FENMI): FE level interrupt from ECM
— One FE level maskable interrupt (FEINT): Pin NMI, OSTM3 to OSTM7

— 384 EI level maskable interrupts (EIINT)
32 high-speed interrupts
- DMAC
-ECM
- Window watchdog timer
352 low-speed interrupts
- Timer
- Communication
- External interrupt
- A/D interrupts
- DTS
- Flash

For details of FENMI, FEINT, and EIINT, refer to the RH850G3M User’s Manual: Software.

e Sixteen interrupt priority levels can be set for the EI level interrupts.
Up to 16 priority levels of the El level interrupts can be set in El level interrupt control registers.

e Three detection methods
A method of detecting the pin NMI interrupt and external interrupt can be selected from rising
edge, falling edge, and both edges.

e Direct branching method or table referencing method is selectable by setting two types of
interrupt handler address setting registers.

e Software interrupts
Interrupts of desired priority can be generated from the program by setting software interrupt
registers.

6.1.1 Reset Sources

Please refer to Section 8, Reset Controller.
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6.2 Register Specifications

The INTC has registers listed in tables below. These registers are mainly used to set interrupt priority
and to control detection of external interrupt input signals.

6.2.1 Register Configuration

Table 6.1 Interrupt Control
Register Access
Address Symbol Register Name R/W Value after Reset Size
FFFE EAQ0y, - FFFE EA3Ey, ElCn*! El level interrupt control register RW  008F 1/8/16
(EICO to EIC31) 808F*°

FFFF B040y, - FFFF B2FEy,
(EIC32 to EIC383)

FFFE EAFO4 IMRN*2 El level interrupt mask register R/W FFFF FFFFy 1/8/16/32
(IMRO)

FFFF B404y - FFFF B42Cy

(IMR1 to IMR11)

FFFE EBOOy - FFFE EB7Cy EIBDNn*3 El level interrupt bind register R/W 0000 0001y 32
(EIBDO to EIBD31)

FFFF B880y - FFFF BDFCy

(EIBD32 to EIBD383)

FFFE EA78y FNC FE level NMI control register R 0000y 1/8/16
FFFE EATA, FIC FE level interrupt control register R 00004 1/8/16
FFD6 7000y FEINTF FEINT factor register R 0000 0000y 32
FFD6 7008y FEINTFC FEINT factor clear register w 0000 0000y 32

Note 1. n=0to 383

Note2. n=0to11

Note 3. n=0to 383

Note 4.  Synchronous edge detection
Note 5.  High-level detection

Among the registers shown in Table 6.1, the EICO to 31, IMRO, EIBDO to 31, FNC, and FIC are
located in INTC1 of the CPU-specific Peripheral. Each of these registers only can be accessed from the
CPU which includes it. Writing is only possible in supervisor mode (PSW.UM = 0).

Of the registers listed in Table 6.1, EIC32 to EIC383, IMR1 to IMR11, and EIBD32 to EIBD383 are
located in INTC2, the controller for interrupts from peripheral IP group 0. Writing to these registers is
only possible for CPU1 in supervisor mode (PSW.UM = 0).
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Table 6.2 Software Interrupts
Register Value after Access

Address Symbol Register Name R/W Reset Size
FFCO 0000y SINTRO Software interrupt register O R/W 004 8

FFCO 0004y SINTR1 Software interrupt register 1 R/IW 004 8

FFCO 0008y SINTR2 Software interrupt register 2 R/W 004 8

FFCO 000CH SINTR3 Software interrupt register 3 R/IW 004 8

FFCO 0010y SINTR4 Software interrupt register 4 R/W 004 8

Table 6.3 Interrupt Merge Function
Register Value after Access
Address Symbol Register Name R/W Reset Size
FFF9 80004 PINTO Peripheral interrupt status register 0 R 0000 0000y 32
FFF9 8004y PINT1 Peripheral interrupt status register 1 R 0000 00004 32
FFF9 8008, PINT2 Peripheral interrupt status register 2 R 0000 0000y 32
FFF9 800CH PINT3 Peripheral interrupt status register 3 R 0000 00004 32
FFF9 80104 PINT4 Peripheral interrupt status register 4 R 0000 0000y 32
FFF9 8014y PINT5 Peripheral interrupt status register 5 R 0000 00004 32
FFF9 80184 PINT6 Peripheral interrupt status register 6 R 0000 0000y 32
FFF9 801CH PINT7 Peripheral interrupt status register 7 R 0000 00004 32
FFF9 80204 PINTCLRO Interrupt clear register 0 w 0000 0000, 32
FFF9 8024, PINTCLR1 Interrupt clear register 1 W 0000 0000y 32
FFF9 8028, PINTCLR2 Interrupt clear register 2 w 0000 0000, 32
FFF9 802CH PINTCLR3 Interrupt clear register 3 W 0000 0000y 32
FFF9 80304 PINTCLR4 Interrupt clear register 4 w 0000 0000, 32
FFF9 8034y, PINTCLR5 Interrupt clear register 5 W 0000 0000y 32
FFF9 80384 PINTCLR6 Interrupt clear register 6 w 0000 0000, 32
FFF9 803CH PINTCLR7 Interrupt clear register 7 W 0000 0000y 32
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6.2.2 EICO - EIC383 — EI Level Interrupt Control Registers 0 to 383

These registers are used to set interrupt control conditions for each El level interrupt source, and one
register is provided for each source of this type. Writing to these registers requires care when a register
is set for detection in synchronous edge detection mode. If O is written to the EIRFn bit immediately
after a peripheral module generates the corresponding interrupt request, the request may be
inadvertently lost. On the other hand, writing 1 to the EIRFn bit immediately after an interrupt is
accepted by the CPU may lead to incorrect re-issuing of the request. Writing to any of these registers,
therefore, should only proceed while peripheral modules are not generating interrupt requests and the
CPU has not accepted any interrupt.

Writing to an EICn register includes writing by using the bit operation instructions (setl, clrl, and
notl). The bit operation instructions proceed in the following sequence (1) reading the register, (2)
processing the specified bit, and (3) writing the new value back to the register. When a bit operation
instruction has a bit other than EIRFn as the operand, the value read in step (1) will be written back in
step (3). Accordingly, the issuance of interrupt requests from peripheral modules or the acceptance of
an interrupt request by the CPU between steps (1) and (3) may lead to the problems described above.
Note that access to bits 15 to 13, 11 to 8, 5, and 4 using bit-manipulation instructions is prohibited.

Access:  EICn can be read/written in 16-bit units.
EICnH and EICnL can be read/written in 8- or 1-bit units.

Address:  FFFE EAOOy - FFFE EA3Ey (EIC0-31)
FFFF B040y, - FFFF B2FE (EIC32-383)

Value after reset:  008F (edge detection), 808F (high level detection)
This register is initialized by any reset source.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EICTn| — — |EIRFn| — — — — |EIMKn|EITBn| — — | EIP3n | EIP2n | EIP1n | EIPON
Value after reset ™1 0 0 0 0 0 0 0 1 0 0 0 1 1 1 1

RW R R R RIW R R R R RW  RW R R RW RW RW RW
Note 1. 0: Synchronous edge detection, 1: High-level detection
Table 6.4 EICO - EIC383 Register Contents (1/2)
Bit Position Bit Name Function
15 EICTn Interrupt Channel Type
The following values are read according to the interrupt input interface. This is a
read-only bit.

0: Synchronous edge detection
1: High-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 Interrupt Request Flag
Operation varies with the interrupt input interface.
0: No interrupt request (Value after reset)
1: Interrupt request present

e Synchronous edge detection
This flag is automatically cleared to 0 when an interrupt request of the self-
channel is accepted by the CPU core.
This bit can be set or cleared by the software.

* High level detection
This bit cannot be set or cleared by the software. This is a read-only bit.

11to 8 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 EICO - EIC383 Register Contents (2/2)

Bit Position Bit Name Function

7 EIMKn Interrupt Mask

While this bit is set to 1, interrupt requests set in the interrupt request flag
(EIRFnN) are masked to inhibit interrupt requests from the channel to the CPU
core. Natification of presence of unprocessed interrupts is not made and the
PMEI bit in ICSR is not set from channels for which this bit is set to 1. Even
when interrupt processing is disabled by the setting of this bit, an input of
interrupt signal is not masked and the interrupt request flag is set. Setting this bit
is also reflected in the setting of corresponding bit of the interrupt mask register
(IMR).

0: Interrupt processing is enabled.

1: Interrupt processing is disabled. (Value after reset)

6 EITBn Interrupt Vector Method Select
0: Direct branching method based on priority
1: Table referencing method

54 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.

3to0 EIP3n-0n These bits specify 16 interrupt priority levels (0: highest priority, 15: lowest
priority).

If two or more El level interrupt requests are generated simultaneously, a source
with higher priority specified by these bits is selected and is sent to the CPU
core. If the priority specified by these bits is equal, a source of smaller channel
number is selected as fixed priority.

Note: n=0to 383

NOTE

The addresses of the registers corresponding to the interrupt channels that are listed as reserved in
Table 6.11, Interrupt Exception Handler and Priority, are also reserved. Therefore, access to these
addresses is prohibited. Operation cannot be guaranteed if they are accessed.
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6.2.3 IMRO - IMR11 — EI Level Interrupt Mask Registers 0to 11

These registers are aggregation of the EIMK bit in the EIC register. Setting of the corresponding EIMK
bit is reflected in each bit in the IMRn register. Furthermore, setting of the IMRn register is reflected in
the corresponding EIMK bit.

Access:  IMRm can be read/written in 32-bit units.
IMRmMH and IMRmL can be read/written in 16-bit units.
IMRmHH, IMRmHL, IMRmLH, and IMRmLL can be read/written in 8- or 1-bit units.

Address:  IMRO: FFFE EAFOy, IMR1: FFFF B404y, IMR2: FFFF B408y, IMR3: FFFF B40Cy,
IMR4: FFFF B410y, IMR5: FFFF B414,,, IMR6: FFFF B418y, IMR7: FFFF B41Cy,
IMR8: FFFF B420y, IMR9: FFFF B424,,, IMR10: FFFF B428,,, IMR11: FFFF B42Cy,

Value after reset:  FFFF FFFFy This register is initialized by any reset.

IMRO
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
IMROHEIMK31|EIMK30|EIMK29|EIMK28|EIMK27 |[EIMK26|EIMK25|EIMK24|EIMK23|EIMK22 |[EIMK21|EIMK20|EIMK19|EIMK18|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 RIW 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 | EIMK®6 | EIMK5 | EIMK4 | EIMK3 | EIMK2 | EIMK1 | EIMKO
Value after reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W RIW R/W RIW R/W R/W R/W R/W R/W R/W RIW R/W R/W
IMR1
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
IMR1IHEIMK63|EIMK62|EIMK61|EIMK60|EIMKS59|EIMKS8|EIMK57|EIMK56|EIMK55|EIMK54 [EIMKS3|EIMK52|EIMK51|EIMKS50(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
IMR1UEIMKA47|EIMK46|EIMK45|EIMK44|EIMKA43|EIMKA42(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/IW R/W R/W R/W R/W R/W R/W R/W R/W R/W
IMR11
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
IMR11H EIMK | EIMK | EIMK | EIMK | EIMK | EIMK | EIMK | EIMK | EIMK | EIMK | EIMK | EIMK | EIMK | EIMK | EIMK | EIMK
383 382 381 380 379 378 377 376 375 374 373 372 371 370 369 368
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 RIW R/IW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
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Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IMR11U EIMK | EIMK | EIMK | EIMK | EIMK | EIMK | EIMK | EIMK | EIMK | EIMK | EIMK | EIMK | EIMK | EIMK | EIMK | EIMK
367 366 365 364 363 362 361 360 359 358 357 356 355 354 353 352
Value after reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
NOTE

The bits corresponding to the interrupt channels that are listed as reserved in Table 6.11, Interrupt
Exception Handler and Priority, are also reserved. When read, the value after reset is read. When
writing, write the value after reset.
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6.2.4 EIBDO - EIBD383 — El Level Interrupt Bind Registers 0 to 383

These registers are provided for each EI level interrupt source to make correspondence between each
source and PE.

Access:  These registers can be read/written in 32-bit units.

Address:  FFFE EBOOy - FFFE EB7Cy (EIBDO to EIBD31)
FFFF B880y, - FFFF BDFC,, (EIBD32 to EIBD383)

Value after reset: 0000 0001y This register is initialized by any reset.

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

— — — — — — — — — — — — — — GPID[1:0]

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

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

— — — — — — — — — — — — — PEID[2:0]

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

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

Table 6.5 EIBDO - EIBD383 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 provided only in EIBD32 to EIBD383. Be sure to set these bits to
00 in this product.
These bits are reserved for EIBDO to EIBD31. When read, the value after reset
is returned. When writing to these bits, write the value after reset.

15t03 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.

2t00 PEID These bits specify an interrupt bind (request) destination.
These bits are fixed to 001 in EIBDO to EIBD31 and cannot be modified.
Be sure to set these bits in EIBD32 to EIBD383 to 001 in this product.

NOTE

The addresses of the registers corresponding to the interrupt channels that are listed as reserved in
Table 6.11, Interrupt Exception Handler and Priority, are also reserved. Therefore, access to these
addresses is prohibited. Operation cannot be guaranteed if they are accessed.

CAUTION

Changing the corresponding EIBDn register during the processing of an EIINT request is prohibited.
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6.2.5 FNC — FE Level NMI Control Register

This register is used to set FE level NMI control conditions.

Value after reset:

Access:

Address:

FNC can be read in 16-bit units.

FNCH and FNCL can be read in 8- or 1-bit units.

FFFE EA78,

0000y (synchronous edge detection), This register is initialized by any reset.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— — — |FNRF| — — — — — — — — — — — —
Value after reset 0
RW R R R R R R R R R R R R R R R R
Table 6.6 FNC Register Contents
Bit Position Bit Name Function
15to 13 Reserved When read, the value after reset is returned.
12 FNRF Interrupt Request Flag
0: No interrupt request (Value after reset)
1: An interrupt request present
This bit is automatically cleared to 0 when an FE level NMI interrupt request is
accepted by the CPU core.
11t0 0 Reserved When read, the value after reset is returned.

6.2.6 FIC — FE Level Interrupt Control Register

This register is used to set FE level interrupt control conditions.

Value after reset:

Access:

Address:

FIC can be read in 16-bit units.

FICH and FICL can be read in 8- or 1-bit units.

FFFE EA7AyL

0000y (synchronous edge detection), This register is initialized by any reset.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— — — | FIRF | — — — — — — — — — — — —
Value after reset 0
RW R R R R R R R R R R R R R R R R
Table 6.7 FIC Register Contents
Bit Position Bit Name Function
15t0 13 Reserved When read, the value after reset is returned.
12 FIRF Interrupt Request Flag
0: No interrupt request (Value after reset)
1: An interrupt request present
This bit is automatically cleared to 0 when an FE level interrupt request is
accepted by the CPU core.
11to 0 Reserved When read, the value after reset is returned.
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6.2.7 SINTRO - SINTR4 — Software Interrupt Registers
SINTRO to SINTR4 are 8-bit registers to control software interrupts 0 to 4 (SINTO to SINT4).

Writing 01y to any of these registers increments the counter value by 1. Writing 004 to any of the
registers decrements the counter value by 1. When the values of these registers are 1 or larger, a
software interrupt (SINTO to SINT4) is generated. The value read from any of these registers is the
current value of the register.

Access:

Address:

Value after reset:

These registers can be read/written in 8- or 1-bit units.

SINTO: FFCO 0000y, SINT1: FFCO 0004y, SINT2: FFCO 0008y,
SINT3: FFCO 000Cy, SINT4: FFCO 0010y

00y This register is initialized by any reset.

Bit 7 6 5 4 3 2 1 0
SINTCn7 SINTCn6 SINTCn5 SINTCn4 SINTCn3 SINTCn2 SINTCn1 SINTCnO
Value after reset 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Table 6.8 SINTRO - SINTR4 Register Contents
Bit Position Bit Name Function
7t00 SINTCn[7:0] Software Interrupt Request

These bits generate a software interrupt.
[Reading operation]

The counter value of the SINTn interrupt request count is read.
[Writing operation]

Writing 01, The counter value is incremented.™

Writing 00y: The counter value is decremented.?

Other than the above: Forbidden (No guarantee of operation)

Note 1. When 01 is written while the value of the counter is FFy, the value is not incremented, but remains at FFy.
Note 2. When 00y is written while the value of the counter is 00y, the value is not decremented, but remains at 00y.
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6.2.8 PINTO — PINT7 — Peripheral Interrupt Status Registers
PINTCLRO - PINTCLR7 — Peripheral Interrupt Status Clear Registers

The DTS transfer completion interrupt and transfer count match interrupt are merged in 32-channel
units. PINTO to PINT7 contain the interrupt status flags to indicate the originating channels for these
interrupts.

Writing the interrupt status register value to the interrupt status clear register (PINTCLRO to
PINTCLRY7) of the same channel in the interrupt handler clears interrupts. Interrupts on the lower-bits
side take precedence to support multiplex interrupts.

PINTO to PINT7 are initialized to 0000 0000 by any reset source.

Access:  PINTn can be read in 32-bit units.
PINTCLRnN can be written in 32-bit units.

Address:  PINTO: FFF9 8000y, PINT1: FFF9 8004, PINT2: FFF9 8008y, PINT3: FFF9 800Cy
PINT4: FFF9 8010y, PINT5: FFF9 8014y, PINT6: FFF9 8018, PINT7: FFF9 801Cy
PINTCLRO: FFF9 8020y, PINTCLR1: FFF9 8024y
PINTCLR2: FFF9 8028y, PINTCLR3: FFF9 802Cy
PINTCLR4: FFF9 8030y, PINTCLRS: FFF9 8034y
PINTCLRG6: FFF9 8038y, PINTCLR7: FFF9 803Cy

Value after reset: 0000 0000y

PINTn+x (n=0to 3,x=0)

Bit 31 30 29 28 27 26 25 24
INTDTS INTDTS INTDTS INTDTS INTDTS INTDTS INTDTS INTDTS
[31+32*n] [30+32*n] [29+32*n] [28+32*n] [27+32*n] [26+32*n] [25+32*n] [24+32*n]

Value after reset

RIW 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

RIW 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

RIW 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

RIW 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
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
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
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
R/IW 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
RO1UHO0585EJ0120 Rev.1.20 RENESANS Page 275 of 3121

Mar 23, 2018



RH850/P1M-E

Section 6 Interrupt

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
RIW 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
RIW 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
RIW 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
RIW w w w w w w W w
PINTO
Bit Position Bit Name Function
31to0 INTDTS[31:0] DTS transfer completion interrupt status on ch31 to chO
PINT1
Bit Position Bit Name Function
31to0 INTDTS[63:32] DTS transfer completion interrupt status on ch63 to ch32
PINT2
Bit Position Bit Name Function
31to0 INTDTS[95:64] DTS transfer completion interrupt status on ch95 to ch64
PINT3
Bit Position Bit Name Function
31to0 INTDTS[127:96] DTS transfer completion interrupt status on ch127 to ch96
PINT4
Bit Position Bit Name Function
31to0 INTCTDTS[31:0] DTS transfer count match interrupt status on ch31 to chO
PINTS
Bit Position Bit Name Function
31to0 INTCTDTS DTS transfer count match interrupt status on ch63 to ch32
[63:32]
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PINT6
Bit Position Bit Name Function
31to0 INTCTDTS DTS transfer count match interrupt status on ch95 to ch64
[95:64]
PINT7
Bit Position Bit Name Function
31to0 INTCTDTS DTS transfer count match interrupt status on ch127 to ch96
[127:96]
PINTCLRO
Bit Position Bit Name Function
31to 0 INTCLR[31:0] These bits clear the DTS transfer completion interrupt status on ch31 to chO.
Within the interrupt handler, these bits write the value read from PINTO.
PINTCLR1
Bit Position Bit Name Function
31to0 INTCLR[63:32] These bits clear the DTS transfer completion interrupt status on ch63 to ch32.
Within the interrupt handler, these bits write the value read from PINTL1.
PINTCLR2
Bit Position Bit Name Function
31to0 INTCLR[95:64] These bits clear the DTS transfer completion interrupt status on ch95 to ch64.
Within the interrupt handler, these bits write the value read from PINT2.
PINTCLR3
Bit Position Bit Name Function
31to 0 INTCLR[127:96] These bits clear the DTS transfer completion interrupt status on ch127 to ch96.
Within the interrupt handler, these bits write the value read from PINT3.
PINTCLR4
Bit Position Bit Name Function
31to0 INTCTCLR[31:0] These bits clear the DTS transfer count match interrupt status on ch31 to chO.
Within the interrupt handler, these bits write the value read from PINTA4.
PINTCLR5
Bit Position Bit Name Function
31to0 INTCTCLR These bits clear the DTS transfer count match interrupt status on ch63 to ch32.
[63:32] Within the interrupt handler, these bits write the value read from PINTS.
PINTCLR6
Bit Position Bit Name Function
31to 0 INTCTCLR These bits clear the DTS transfer count match interrupt status on ch95 to ch64.
[95:64] Within the interrupt handler, these bits write the value read from PINT®.
PINTCLR7
Bit Position Bit Name Function
31to0 INTCTCLR These bits clear the DTS transfer count match interrupt status on ch127 to ch96.
[127:96] Within the interrupt handler, these bits write the value read from PINT7.
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CAUTIONS

1. Peripheral Interrupt Status Clear Registers (PINTCLRO - PINTCLR7) are always

read as

0.

2. Thereis some delay between writing the INTCLRn (n=0 to 127) bit or INTCTCLRn
(n=0to 127) bit and clearing the INTDTSn (n=0to 127) flag or the INTCTDTSn (n=0
to 127) flag. It is recommended to read Peripheral Interrupt Status Registers
(PINTO to PINT7) twice after clearing one of its bits. The second read operation will
read the correct status.

6.2.9

FEINTF — FEINT Factor Register

The FE level interrupt (FEINT) factor register is used in common by the OSTM3 to OSTM?7 interrupts
and the pin NMI interrupt. When an FE level interrupt occurs, check the interrupt source by referring to

this register.

Access:
Address:

Value after reset:

FFD6 7000,

This register can be read in 32-bit units.

0000 0000y This register is initialized by any reset.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Value after reset
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
INTOST|INTOST|INTOST|INTOST|INTOST|NMIFEI
- - - - - - - - - ~ |M7FEIF|M6FEIF|M5FEIF|M4FEIF|M3FEIF F
Value after reset
RW R R R R R R R R R R R R R R R R
Table 6.9 FEINTF Register Contents
Bit Position Bit Name Function
31to 6 Reserved When read, the value after reset is returned.
5 INTOSTM7FEIF  OSTM7 Interrupt Generation
0: OSTM?Y interrupt has not been generated.
1: OSTMY7 interrupt has been generated.
4 INTOSTM6FEIF  OSTM6 Interrupt Generation
0: OSTMS6 interrupt has not been generated.
1: OSTM6 interrupt has been generated.
3 INTOSTM5FEIF  OSTM5 Interrupt Generation
0: OSTMS interrupt has not been generated.
1: OSTMS interrupt has been generated.
2 INTOSTM4FEIF  OSTM4 Interrupt Generation
0: OSTM4 interrupt has not been generated.
1: OSTM4 interrupt has been generated.
1 INTOSTM3FEIF  OSTM3 Interrupt Generation
0: OSTM3 interrupt has not been generated.
1: OSTM3 interrupt has been generated.
0 NMIFEIF Pin NMI Interrupt Generation

0: Pin NMlI interrupt has not been generated.
1: Pin NMI interrupt has been generated.
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6.2.10

Access:
Address:

Value after reset:

FFD6 7008,

FEINTFC — FEINT Factor Clear Register
This register can be written in 32-bit units.

0000 0000y This register is initialized by any reset.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Value after reset 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
OSTM7|0OSTM6|0OSTM5|0STM4|OSTM3|NMIFEI
- - - - - - - - - - FEIFC | FEIFC | FEIFC | FEIFC | FEIFC FC
Value after reset 0 0 0 0 0 0
RIW R R R R R R R R R R w w W W W w
Table 6.10 FEINTFC Register Contents
Bit Position Bit Name Function
31to 6 Reserved When writing, always write 0.
5 OSTMT7FEIFC INTOSTM7FEIF Clear
0: The INTOSTM7FEIF bit is not cleared.
1: The INTOSTM7FEIF bit is cleared.
4 OSTM6FEIFC INTOSTM6FEIF Clear
0: The INTOSTMG6FEIF bit is not cleared.
1: The INTOSTM6FEIF bit is cleared.
3 OSTM5FEIFC INTOSTM5FEIF Clear
0: The INTOSTMS5FEIF bit is not cleared.
1: The INTOSTM5FEIF bit is cleared.
2 OSTM4FEIFC INTOSTM4FEIF Clear
0: The INTOSTMA4FEIF bit is not cleared.
1: The INTOSTM4FEIF bit is cleared.
1 OSTMS3FEIFC INTOSTM3FEIF Clear
0: The INTOSTM3FEIF bit is not cleared.
1: The INTOSTM3FEIF bit is cleared.
0 NMIFEIFC NMIFEIF Clear

0: The NMIFEIF bit is not cleared.
1: The NMIFEIF bit is cleared.
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6.3 Interrupt Sources

There are five groups of interrupt sources: NMI, INTPn, ECM interrupt, software interrupts (SINT),
and interrupts from the on-chip peripheral modules. The priority level of each interrupt is represented
by an interrupt priority value between 0 (the highest level) and 15 (the lowest level).

6.3.1 NMI Interrupts

NMI interrupts are input from the NMI pin. A method of detecting the NMI interrupt can be selected
from rising edge, falling edge, and both edges. For details on the detection method, see Section 2,
Pin Functions.

6.3.2 INTPn Interrupts

INTPn interrupts are input from INTPn pins. A method of detecting the INTPn interrupt can be
selected from rising edge, falling edge, and both edges. For details on the detection method, see
Section 2, Pin Functions.

Furthermore, interrupt priority levels 0 to 15 can be set for each pin in the interrupt control register
(EICm).

When an interrupt request is detected by a change in the INTPn pin, and an interrupt request signal is

sent to the INTC. The INTPn interrupt request detection result is retained until the interrupt request is
accepted. Whether an INTPn interrupt request has been detected or not can be checked by reading the
EIRFn bit in the corresponding El level interrupt control register n (EICn) for INTPn. Writing O clears
the INTPn interrupt request detection result.

When exiting the INTPn interrupt exception handler, confirm that the EIRFn bit has been cleared in the
corresponding El level interrupt control register n (EICn) for INTPn to prevent re-acceptance by
mistake, and then issue an instruction to return from interrupt.

6.3.3 ECM Interrupts

The Error Control Module (ECM) generates ECM interrupt requests by merging error interrupts from
multiple sources. For details, see Section 32, Error Control Module (ECM) and Section 31,
Functional Safety.

6.3.4 Software Interrupts

Software interrupt (SINT) priority can be set within priority levels 0 to 15 for each interrupt source.

6.3.5 On-Chip Peripheral Module Interrupts

For the on-chip peripheral module that generates an interrupt, see Table 6.11, Interrupt Exception
Handler and Priority.

Since different interrupt vectors are assigned to each source, the interrupt exception handler need not
decide sources. Priority can be set within priority levels 0 to 15 for each interrupt source.
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6.4 Interrupt Exception Handler and Priority Operations

Table 6.11 lists interrupt sources, source codes, exception handler offset addresses, and interrupt
priority.

There are two specifications for exception handler addresses: (1) standard specifications where
exception handler addresses are determined by the PSW.EBV bit in the CPU core, RBASE register, and
EBASE register and (2) extended specifications where exception handler addresses for interrupts are
specified individually for each channel.

In the standard specifications, an offset address is added to the base address (RBASE register [EBASE
register) in the CPU core to generate an exception handler address. The following two methods are
provided for giving an interrupt offset address. For channels other than the interrupt channel, the
specified offset address is given.

e An offset address is determined within a range of +100H to +1FOH according to the priority level
(0 to 15) specified for each channel, regardless of interrupt channels (offset address, direct branch,
RINT =0 in Table 6.11).

o Every offset address is +100H regardless of the priority level. This is a function to reduce the
memory occupation size of the exception handler (offset address, direct branch, RINT =1 in
Table 6.11).

In the extended specifications, a table for reading exception handler addresses for each interrupt
channel is provided. The handler address is extracted by referencing the table. The table reference
position is obtained by the following calculation formula (offset address, table reference in Table
6.11). The INTBP register exists in the CPU core.

Exception handler address read position = INTBP + channel number * 4-byte

For details of handler addresses, see the RH850G3M User’s Manual: Software.

Priority levels 0 to 15 (0: highest) of INTPn (external interrupts) and on-chip peripheral module
interrupts can be set for each channel. If specified priority levels are equal, an interrupt source of
smaller channel number is selected as fixed priority.

CAUTION

FENMI, FEINT, EIINT (direct vector method), SYSERR, FPI need insertion of SYNCP
instruction before the exception handler.

For details, see. the RH850G3M User’'s Manual: Software.
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Table 6.11 Interrupt Exception Handler and Priority (1/9)
?6. Number of Offset Address Interrupt
_ 3 |interrupt 3 Direct Branch Priority =2
Functional g & [Channel 'g % Table (Value after | & § g 2
Module Interrupt Source Name 2 £ |(ENINT) »n O |RINT=0 RINT =1 Reference [reset) oa = ~
Non-maskable Error control module (non-maskable) (FENMI) EOy +0EOy +0EOy — High N v
interrupt A
FE level OSTM3 to OSTM7 (FEINT)  |[FOy  |+OF04 +0FOy — V N
interrupt NMI pin interrupt
Reserved 0 1000 |[The offset The offset +000y 0 to 15 (15) — —
address is the [address is
Reserved 1 1001 |sameinall |always+100 |+004y 0to 15 (15) - | =
channels and [regardless of
Reserved 2 1002 |is determined |priority to +008y 0to 15 (15) — —
Reserved 3 1003 Eig’éiegnd [)eﬁ‘iléfe the  lLoocy,  |oto15(15) — | =
Reserved 4 1004 ;éfgrging © address. +0104 0to 15 (15) — | =
Reserved 5 1005  |priority. +014y, 0 to 15 (15) — | =
Reserved 6 1006 +018y 0 to 15 (15) — —
Reserved 7 1007 +01Cy 0to 15 (15) — —
Error control Error control module (maskable) (INTECM) 8 1008 +020y 0 to 15 (15) N v
module
WDTA WDTATIT 75% interrupt (INTWDTAO) 9 1009 +024y 0to 15 (15) V x/
Reserved 10 100A +028y 0to 15 (15) — —
Reserved 11 100B +02CH 0to 15 (15) — —
Reserved 12 100C +030y 0to 15 (15) — —
Reserved 13 100D +034y 0to 15 (15) — —
Reserved 14 100E +038y 0to 15 (15)
Reserved 15 100F +03CH 0to 15 (15) — —
DMA DMAO transfer end/count match (INTDMAOQ) 16 1010 +040y 0to 15 (15) N v
DMAL transfer end/count match (INTDMAL) 17 1011 +044y 0to 15 (15) V v
DMA2 transfer end/count match (INTDMAZ2) 18 1012 +048y, 0to 15 (15) V v
DMA3 transfer end/count match (INTDMA3) 19 1013 +04Cy 0to 15 (15) V v
DMAA4 transfer end/count match (INTDMA4) 20 1014 +050y 0 to 15 (15) N V
DMAGS transfer end/count match (INTDMAS) 21 1015 +054y, 0to 15 (15) N v
DMAG transfer end/count match (INTDMAG) 22 1016 +058y, 0to 15 (15) N v
DMAY transfer end/count match (INTDMA?7) 23 1017 +05CH 0to 15 (15) V v
DMAS transfer end/count match (INTDMAS) 24 1018 +060y 0to 15 (15) V v
DMAO9 transfer end/count match (INTDMA9) 25 1019 +064y 0to 15 (15) V v
DMAL10 transfer end/count match (INTDMA10) 26 101A +068y 0 to 15 (15) N V
DMA11 transfer end/count match (INTDMA11) 27 101B +06CH 0to 15 (15) N v
DMA12 transfer end/count match (INTDMA12) 28 101C +070y 0to 15 (15) V N
DMA13 transfer end/count match (INTDMA13) 29 101D +074y 0to 15 (15) V v
DMA14 transfer end/count match (INTDMA14) 30 101E +078y 0to 15 (15) V v
DMAL1S transfer end/count match (INTDMA15) 31 101F +07Cy 0 to 15 (15) B \/
INTP External interrupt 0 (INTPO) 32 1020 +080y 0to 15 (15) N \/
External interrupt 1 (INTP1) 33 1021 +084y 0to 15 (15) N v
External interrupt 2 (INTP2) 34 1022 +088y 0to 15 (15) V v
External interrupt 3 (INTP3) 35 1023 +08CH 0to 15 (15) V v
External interrupt 4 (INTP4) 36 1024 +090y 0to 15 (15) V v
Reserved 37 1025 +094y, 0to 15 (15) — —
Reserved 38 1026 +098y, 0to 15 (15) — —
Reserved 39 1027 +09Cy 0to 15 (15) — —
TSG30 TSG30 compare match interrupt 0 (INTTSG3010) 40 1028 +0A0y 0to 15 (15) V N
TSG30 compare match interrupt 1 (INTTSG30I1) 41 1029 +0A4y 0to 15 (15) V N
TSG30 compare match interrupt 2 (INTTSG3012) 42 102A +0A8y 0to 15 (15) V v
TSG30 compare match interrupt 3 (INTTSG30I3) 43 102B +0ACy 0to 15 (15) N x/
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Table 6.11 Interrupt Exception Handler and Priority (2/9)

< Offset Address
= Number of Interrupt
_ 5 |interrupt 8o Direct Branch Priority =2
Functional 2 5 |Channel 55 Table (Value after | & s| 2 2
Module Interrupt Source Name $ £ |EINT) 33 |RINT=0 RINT =1 Reference [reset) oa - ~
TSG30 TSG30 compare match interrupt 4 (INTTSG3014) 44 102C |[The offset The offset +0BOy 0to 15 (15) High N v
address is the [address is
TSG30 compare match interrupt 5 (INTTSG30I5) 45 102D |same in all always +100y +0B4y 0to 15 (15) A \ v
- channels and |regardless of
TSG30 compare match interrupt 6 (INTTSG3016) 46 102E  |is determined |priority to +0B8y 0 to 15 (15) v v
- between reduce the
TSG30 compare match interrupt 7 (INTTSG3017) 47 102F 4100, and  [offset +0BCy 0to 15 (15) V v
TSG30 compare match interrupt 8 (INTTSG3018) 48 1030 |F1FOu address.  1.5co,,  |0to 15 (15) v
according to
TSG30 compare match interrupt 9 (INTTSG3019) 49 1031  |Priority. +0C4y 0to 15 (15) N v
TSG30 compare match interrupt 10 (INTTSG30110) 50 1032 +0C8y 0to 15 (15) N v
TSG30 compare match interrupt 11 (INTTSG30I111) 51 1033 +0CCh 0to 15 (15) V v
TSG30 compare match interrupt 12 (INTTSG30112) 52 1034 +0D0y 0to 15 (15) V v
TSG30 peak interrupt (INTTSG30IPEK) 53 1035 +0D4y 0to 15 (15) V v
TSG30 valley interrupt INTTSG30IVLY) 54 1036 +0D8y 0to 15 (15) v v
TSG30 timer error interrupt (INTTSG30IER) 55 1037 +0DCy 0 to 15 (15) N v
TSG30 timer warning interrupt (INTTSG30IWN) 56 1038 +0EOy 0to 15 (15) N v
TSG31 TSG31 compare match interrupt 0 (INTTSG3110) 57 1039 +0E4y 0to 15 (15) V v
TSG31 compare match interrupt 1 (INTTSG3111) 58 103A +0E8y 0to 15 (15) V v
TSG31 compare match interrupt 2 (INTTSG3112) 59 103B +0ECy 0to 15 (15) V v
TSG31 compare match interrupt 3 (INTTSG3113) 60 103C +0FO0y 0to 15 (15) v v
TSG31 compare match interrupt 4 (INTTSG3114) 61 103D +0F4y 0to 15 (15) N v
TSG31 compare match interrupt 5 (INTTSG3115) 62 103E +0F8y 0to 15 (15) N v
TSG31 compare match interrupt 6 (INTTSG3116) 63 103F +0FCh 0to 15 (15) V v
TSG31 compare match interrupt 7 (INTTSG3117) 64 1040 +100y 0to 15 (15) V v
TSG31 compare match interrupt 8 (INTTSG3118) 65 1041 +104y, 0to 15 (15) V v
TSG31 compare match interrupt 9 (INTTSG3119) 66 1042 +108y, 0to 15 (15) N x/
TSG31 compare match interrupt 10 (INTTSG31110) 67 1043 +10Cy 0to 15 (15) N v
TSG31 compare match interrupt 11 (INTTSG31111) 68 1044 +1104 0to 15 (15) N v
TSG31 compare match interrupt 12 (INTTSG31112) 69 1045 +114y 0to 15 (15) V v
TSG31 peak interrupt (INTTSG31IPEK) 70 1046 +118y 0to 15 (15) V v
TSG31 valley interrupt (INTTSG31IVLY) 71 1047 +11Cy 0to 15 (15) V v
TSG3L1 timer error interrupt (INTTSG31IER) 72 1048 +1204 0 to 15 (15) B \/
TSG31 timer warning interrupt (INTTSG31IWN) 73 1049 +124y 0to 15 (15) N v
OSTMO OSTMO interrupt (INTOSTMO) 74 104A +1284 0to 15 (15) R \
OSTM1 OSTM1 interrupt (INTOSTM1) 75 104B +12Cy 0to 15 (15) V x/
ADCGO ADCGO error interrupt INTADCGOERR) 76 104C +130y 0to 15 (15) V v
ADCGO SGO end interrupt (INTADCGOIO) 77 104D +134y 0to 15 (15) B x/
ADCGO SG1 end interrupt (INTADCGOI1) 78 104E +138y 0to 15 (15) v v
ADCGO SG2 end interrupt (INTADCGOI2) 79 104F +13Cy 0to 15 (15) R \
ADCGO SG3 end interrupt (INTADCGOI3) 80 1050 +1404 0to 15 (15) V x/
ADCGO SG4 end interrupt (INTADCGOI4) 81 1051 +144y, 0to 15 (15) V x/
CSIHO CSIHO communication error interrupt (INTCSIHOIRE) 82 1052 +148y, 0to 15 (15) V v
CSIHO receive status/CS0 receive status interrupt 83 1053 +14Cy 0 to 15 (15) B \/
(INTCSIHOIROS)
CSIHO communication status/CSO communication 84 1054 +150y 0to 15 (15) N v
status interrupt (INTCSIHOICO0S)
CSIHO CS1 receive status interrupt (INTCSIHOIR1) 85 1055 +154y 0to 15 (15) V N
CSIHO CS1 communication status interrupt 86 1056 +158y, 0to 15 (15) V v
(INTCSIHOIC1)
CSIHO CS2 receive status interrupt (INTCSIHOIR2) 87 1057 +15Cy 0to 15 (15) N x/
CSIHO CS2 communication status interrupt 88 1058 +160y 0to 15 (15) N v
(INTCSIHOIC2)
CSIHO JOB end interrupt INTCSIHOIJC) 89 1059 +164y 0to 15 (15) V x/
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Table 6.11 Interrupt Exception Handler and Priority (3/9)

F%_ Number of Offset Address Interrupt
_ _ 3 |Interrupt 3 ° Direct Branch Priority =z ‘?
Functional % & [Channel 'g 5 Table (Value after | & 5 g 2
Module Interrupt Source Name — £ |(EIINT) »n O |RINT=0 RINT =1 Reference [reset) [a):n - ~
CSIH1 CSIH1 communication error interrupt (INTCSIH1IRE) 90 105A [The offset The offset +168 0to 15 (15) High N v
address is the [address is
CSIH1 receive status/CSO0 receive status interrupt 91 105B |same in all always +100y +16CH 0to 15 (15) A N v
(INTCSIH1IR0S) _channels_and re_ga_rdless of
CSIH1communication status/CSO communication 92 105C Ee?v?,tee;rTmEd F;gl:g iﬁe +170y 0to 15 (15) V v
status interrupt (INTCSIH1ICOS) +100y and offset
CSIH1 CS1 receive status interrupt INTCSIH1IR1) 93 105D ;isgrgmg © address. +174,, 0to 15 (15) v | N
CSIH1 CS1 communication status interrupt 9% 105E  [Priority. +178,, 0to 15 (15) v | N
(INTCSIH1IC1)
CSIH1 CS2 receive status interrupt INTCSIH1IR2) 95 105F +17Cy 0to 15 (15) V v
CSIH1 CS2 communication status interrupt 96 1060 +180y 0to 15 (15) V v
(INTCSIH1IC2)
CSIH1 JOB end interrupt (INTCSIH11JC) 97 1061 +184y, 0to 15 (15) N v
CSIH2 CSIH2 communication error interrupt (INTCSIH2IRE) 98 1062 +188y 0to 15 (15) N v
CSIH2 receive status interrupt (INTCSIH2IR) 99 1063 +18CH 0to 15 (15) \ v
CSIH2 communication status interrupt (INTCSIH2IC) 100 1064 +190y 0to 15 (15) V v
CSIH2 JOB end interrupt (INTCSIH2IJC) 101 1065 +194y, 0to 15 (15) V v
CSIH3 CSIH3 communication error interrupt (INTCSIH3IRE) 102 1066 +198y 0to 15 (15) v v
CSIH3 receive status interrupt (INTCSIH3IR) 103 1067 +19Cy 0to 15 (15) N v
CSIH3 communication status interrupt (INTCSIH3IC) 104 1068 +1A0 0to 15 (15) N v
CSIH3 JOB JOB end interrupt INTCSIH3IJC) 105 1069 +1A4y 0to 15 (15) V v
SCI30 SCI30 receive error (INTSCI30ERI) v |106 106A +1A8 0to 15 (15) V v
SCI30 receive data full INTSCI30RXI) 107 106B +1ACy 0to 15 (15) V v
SCI30 transmit data empty (INTSCI30TXI) 108 106C +1BOy 0to 15 (15) B x/
SCI30 transmit end (INTSCI30TEI) v |109 106D +1B4y 0to 15 (15) N v
SCI31 SCI31 receive error (INTSCI31ERI) v |10 106E +1B8y 0to 15 (15) N v
SCI31 receive data full (INTSCI31RXI) 11 106F +1BCy 0to 15 (15) V v
SCI31 transmit data empty (INTSCI31TXI) 112 1070 +1C0y 0to 15 (15) V v
SCI31 transmit end (INTSCI31TEI) v |13 1071 +1C4y 0to 15 (15) V v
RLIN30 RLIN30 status interrupt (INTRLIN30URZ2) 114 1072 +1C8y 0to 15 (15) B x/
RLIN3O receive completion interrupt (INTRLIN30UR1) 115 1073 +1CCqh 0to 15 (15) N v
RLIN30 transmit interrupt (INTRLIN30URO) 116 1074 +1D0y 0to 15 (15) N v
RLIN31 RLIN31 status interrupt (INTRLIN31UR?2) 17 1075 +1D4y 0to 15 (15) V v
RLIN31 receive completion interrupt (INTRLIN31UR1) 118 1076 +1D8y 0to 15 (15) V v
RLIN31 transmit interrupt (INTRLIN31URO) 119 1077 +1DCy 0to 15 (15) V v
SINT Software interrupt 3 INTSINT3) v [120 1078 +1E0y 0to 15 (15) B x/
Software interrupt 4 (INTSINT4) vo|121 1079 +1E4y 0to 15 (15) N v
Reserved 122 107A +1E8y 0to 15 (15) — —
Reserved 123 107B +1ECy 0to 15 (15) — —
Reserved 124 107C +1F0y 0to 15 (15) — | =
Reserved 125 107D +1F4y 0 to 15 (15) — —
Reserved 126 107E +1F8y 0to 15 (15) — —
Reserved 127 107F +1FCy 0to 15 (15) — —
INTP External interrupt 5 (INTP5) 128 1080 +200y 0to 15 (15) \ v
External interrupt 6 (INTP6) 129 1081 +204y 0to 15 (15) \ v
External interrupt 7 (INTP7) 130 1082 +208y 0to 15 (15) V v
External interrupt 8 (INTP8) 131 1083 +20Cy 0to 15 (15) B \/
External interrupt 9 (INTP9) 132 1084 +210y 0to 15 (15) B \/
TAUJO CHO interrupt of TAUJO (INTTAUJOIO) 133 1085 +214y 0to 15 (15) N v
CHZ1 interrupt of TAUJO (INTTAUJOI1) 134 1086 +218y, 0to 15 (15) V N
CH2 interrupt of TAUJO (INTTAUJOI2) 135 1087 +21Cy 0to 15 (15) V N
CH3 interrupt of TAUJO (INTTAUJOI3) 136 1088 +220y 0to 15 (15) V v
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Table 6.11 Interrupt Exception Handler and Priority (4/9)
F%_ Number of Offset Address Interrupt
_ _ 3 |Interrupt 3 ° Direct Branch Priority =z ‘?
Functional % & [Channel 'g 5 Table (Value after | & 5 g 2
Module Interrupt Source Name — £ |(EIINT) »n O |RINT=0 RINT =1 Reference [reset) [a):n - ~
TAUJ1 CHO interrupt of TAUJ1 (INTTAUJ1I0) 137 1089 |[The offset The offset +224y, 0to 15 (15) High N v
address is the [address is
CHZ1 interrupt of TAUJ1 (INTTAUJ1I1) 138 108A [sameinall |always +100, |+228y 0to 15 (15) A V x/
CH2 interrupt of TAUJ1 (INTTAUJ1I2) 139 1088 ?5“32{‘;';@2‘; :ﬁ%?,rt‘z,lfjs of +22Cy 0to 15 (15) V v
CH3 interrupt of TAUJL (INTTAUJ1I3) 140 108C Eig(")ie;‘n ’ Lifdsiie the | 230, 0to 15 (15) N N
TAUDO CHO interrupt of TAUDO (INTTAUDOIO) 141 108D ;isé’rzmg o address. +234,, 0to 15 (15) VoY
CH1 interrupt of TAUDO (INTTAUDOI1) 142 108E  |Priority. +2384 0to 15 (15) N v
CH2 interrupt of TAUDO (INTTAUDOI2) 143 108F +23Cy 0to 15 (15) N v
CH3 interrupt of TAUDO (INTTAUDOI3) 144 1090 +2404 0to 15 (15) V x/
CH4 interrupt of TAUDO (INTTAUDOI4) 145 1091 +244,, 0to 15 (15) V v
CHS5 interrupt of TAUDO (INTTAUDOI5) 146 1092 +248y, 0to 15 (15) V v
CH6 interrupt of TAUDO (INTTAUDOI6) 147 1093 +24Cy 0to 15 (15) B J
CH?7 interrupt of TAUDO (INTTAUDOI7) 148 1094 +2504 0to 15 (15) N v
CHS8 interrupt of TAUDO (INTTAUDOIS) 149 1095 +254 0to 15 (15) N v
CH9 interrupt of TAUDO (INTTAUDOI9) 150 1096 +258 0to 15 (15) V x/
CH10 interrupt of TAUDO (INTTAUDOI10) 151 1097 +25Cy 0to 15 (15) V v
CH11 interrupt of TAUDO (INTTAUDOI11) 152 1098 +260 0to 15 (15) V v
CH12 interrupt of TAUDO (INTTAUDOI12) 153 1099 +264y 0to 15 (15) N J
CH13 interrupt of TAUDO (INTTAUDOI13) 154 109A +268y 0to 15 (15) N v
CH14 interrupt of TAUDO (INTTAUDOI14) 155 1098 +26Cy 0to 15 (15) N v
CH15 interrupt of TAUDO (INTTAUDOI15) 156 109C +270y 0to 15 (15) V x/
Reserved 157 109D +274y 0to 15 (15) — | =
TAUD1 CHO interrupt of TAUD1 (INTTAUD1I0) 158 109E +278y, 0to 15 (15) V v
CH1 interrupt of TAUD1 (INTTAUD1I1) 159 109F +27Cy 0to 15 (15) N J
CH2 interrupt of TAUD1 (INTTAUD1I2) 160 10A0 +2804 0to 15 (15) N v
CH3 interrupt of TAUD1 (INTTAUD1I3) 161 10A1 +284y 0to 15 (15) N v
CH4 interrupt of TAUD1 (INTTAUD114) 162 10A2 +288 0to 15 (15) V x/
CHS5 interrupt of TAUD1 (INTTAUD1I5) 163 10A3 +28Cy 0to 15 (15) V v
CH6 interrupt of TAUD1 (INTTAUD116) 164 10A4 +290y 0to 15 (15) V v
CH?7 interrupt of TAUD1 (INTTAUD1I7) 165 10A5 +294y, 0to 15 (15) N J
CHS8 interrupt of TAUD1 (INTTAUD1I8) 166 10A6 +298 0to 15 (15) N v
CHO interrupt of TAUD1 (INTTAUD1I9) 167 10A7 +29Cy 0to 15 (15) N v
CH10 interrupt of TAUD1 (INTTAUD1110) 168 10A8 +2A0y 0to 15 (15) V x/
CH11 interrupt of TAUD1 (INTTAUD1I11) 169 10A9 +2A4y, 0to 15 (15) V v
CH12 interrupt of TAUD1 (INTTAUD1I12) 170 10AA +2A8 0to 15 (15) B J
CH13 interrupt of TAUD1 (INTTAUD1I13) 171 10AB +2ACH 0to 15 (15) B J
CH14 interrupt of TAUD1 (INTTAUD1114) 172 10AC +2B0y 0to 15 (15) N v
CH15 interrupt of TAUD1 (INTTAUD1I15) 173 10AD +2B4y 0to 15 (15) V x/
CSIGO CSIG0 communication error interrupt (INTCSIGOIRE) 174 10AE +2B8y 0to 15 (15) \ v
CSIGO transmit status interrupt (INTCSIGOIC) 175 10AF +2BCyy 0to 15 (15) V v
CSIGO receive status interrupt (INTCSIGOIR) 176 10B0 +2C0y 0to 15 (15) B x/
ADCG1 ADCG1 error interrupt INTADCG1ERR) 177 10B1 +2C4y 0to 15 (15) B J
ADCG1 SGO end interrupt (INTADCG1I0) 178 10B2 +2C8y 0to 15 (15) N v
ADCG1 SG1 end interrupt (INTADCG1I1) 179 10B3 +2CCy 0to 15 (15) V x/
ADCG1 SG2 end interrupt (INTADCG1I2) 180 10B4 +2D0y 0to 15 (15) V x/
ADCG1 SG3 end interrupt (INTADCG1I3) 181 10B5 +2D4y 0to 15 (15) V v
ADCG1 SG4 end interrupt (INTADCG1I14) 182 10B6 +2D8y 0to 15 (15) B J
RSCANFD Channel error interrupt O INTRCANOERR) v 183 10B7 +2DCy 0 to 15 (15) B \/
COM RX FIFO interrupt 0 INTRCANOREC) v 184 10B8 +2E0y 0to 15 (15) N v
Channel TX interrupt 0 (INTRCANOTRX) v |185 10B9 +2E4y 0to 15 (15) N v
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Table 6.11 Interrupt Exception Handler and Priority (5/9)

F%_ Number of Offset Address Interrupt
_ _ 3 |Interrupt 3 ° Direct Branch Priority =z ‘?
Functional % & [Channel 'g 5 Table (Value after | & 5 g 2
Module Interrupt Source Name — £ |(EIINT) »n O |RINT=0 RINT =1 Reference [reset) [a):n - ~
RSCAN Channel error interrupt 1 INTRCAN1ERR) v |186 10BA |Theoffset  [The offset  |+2E8y 0to15(15) | High | v
address is the [address is
COM RX FIFO interrupt 1 (INTRCAN1REC) N [187 10BB [sameinall |always +100, |+2ECy 0to 15 (15) A V v
Channel TX interrupt 1 (INTRCAN1TRX) v |188 10BC ;“32{‘;',?1@2‘; :ﬁ%?,rt‘i,lfjs o +2F0y 0 to 15 (15) v v
Global error interrupt (INTRCANGERR) v |89 10BD Eig(")ie;‘n ’ Lif‘l‘éie the [ 2Fa,, 0to 15 (15) N N
RX FIFO interrupt INTRCANGRECC) v 190 10BE ;isé’rzmg o address. +2F8, 0to 15 (15) VoY
Channel error interrupt 2 INTRCAN2ERR) v o191 10BF  |Priority. +2FCy 0to 15 (15) N v
COM RX FIFO interrupt 2 INTRCAN2REC) v 192 10C0 +300y 0to 15 (15) N v
Channel TX interrupt 2 (INTRCAN2TRX) v o193 10C1 +304y 0to 15 (15) V v
FLXAO FlexRayO0 interrupt (INTFLXAOLINEO) v 194 10C2 +308y 0to 15 (15) V v
FlexRay1 interrupt (INTFLXAOLINE1) v 195 10C3 +30Cy 0to 15 (15) V v
Timer 0 interrupt (INTFLXAOTIMO) v [196 10C4 +3104 0to 15 (15) B \/
Timer 1 interrupt (INTFLXAOTIM1) v |97 10C5 +314y 0to 15 (15) N v
Timer 2 interrupt (INTFLXAOTIM2) v 198 10C6 +318 0to 15 (15) N v
FIFO transfer interrupt (INTFLXAOFDA) v 199 10C7 +31Cy 0to 15 (15) V v
FIFO transfer warning interrupt (INTFLXAOFW) v 200 10C8 +320y 0to 15 (15) V v
Output transfer warning interrupt (INTFLXAOOW) v 201 10C9 +324y, 0to 15 (15) V v
Output transfer end interrupt (INTFLXAOOT) v 202 10CA +328y 0 to 15 (15) B \/
Input queue full interrupt (INTFLXAOIQF) v 203 10CB +32Cy 0to 15 (15) N v
Input queue empty interrupt INTFLXAOIQE) v 204 10CC +330y 0to 15 (15) N v
Reserved 205 10CD +334y 0to 15 (15) — —
Reserved 206 10CE +338y 0 to 15 (15) — —
Reserved 207 10CF +33Cy 0to 15 (15) — | =
Reserved 208 10D0 +340y 0to 15 (15) — —
Reserved 209 10D1 +344, 0to 15 (15) — —
Reserved 210 10D2 +348, 0to 15 (15) — —
Reserved 211 10D3 +34Cy 0to 15 (15) — —
Reserved 212 10D4 +3504 0to 15 (15) — | =
Reserved 213 10D5 +354y 0to 15 (15) — | =
Reserved 214 10D6 +358y 0to 15 (15) — —
Reserved 215 10D7 +35CH 0to 15 (15) — —
Reserved 216 10D8 +360 0to 15 (15) — —
Reserved 217 10D9 +364y 0to 15 (15) — —
SCI32 SCI32 receive error (INTSCI32ERI) v 218 10DA +368 0to 15 (15) V v
SCI32 receive data full (INTSCI32RXI) 219 10DB +36Cy 0to 15 (15) B x/
SCI32 transmit data empty (INTSCI32TXI) 220 10DC +370y 0to 15 (15) B x/
SCI32 transmit end (INTSCI32TEI) v 221 10DD +374y 0to 15 (15) N v
Reserved 222 10DE +378y 0to 15 (15) — —
Reserved 223 10DF +37CH 0to 15 (15) — —
Reserved 224 10E0 +380y 0 to 15 (15) — —
Reserved 225 10E1 +384y, 0to 15 (15) — —
PSI50 PSI50 status interrupt (INTPSI50SI) N 226 10E2 +388 0to 15 (15) B x/
PSI50 receive interrupt (INTPSIS0RI) N 227 10E3 +38Cy 0to 15 (15) N v
PSI50 transfer interrupt (INTPSI50TI) v 228 10E4 +390y 0to 15 (15) V v
PSI51 PSI51 status interrupt (INTPSI51SI) v [229 10E5 +394y, 0to 15 (15) V N
PSI51 receive interrupt INTPSI51RI) v 230 10E6 +398y, 0to 15 (15) V v
PSI51 transfer interrupt (INTPSI51TI) N 231 10E7 +39Cy 0 to 15 (15) B v
SENTO SETNO status interrupt (INTSENTOSI) v (232 10E8 +3A04 0to 15 (15) N J
SETNO receive interrupt (INTSENTORI) 233 10E9 +3A4y 0to 15 (15) N v
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Section 6 Interrupt

Table 6.11 Interrupt Exception Handler and Priority (6/9)
F%_ Number of Offset Address Interrupt
_ _ 3 |Interrupt 3 ° Direct Branch Priority =z ‘?
Functional % & [Channel 'g 5 Table (Value after | & 5 g 2
Module Interrupt Source Name — £ |(EIINT) »n O |RINT=0 RINT =1 Reference [reset) [a):n - ~
SENT1 SETN1 status interrupt (INTSENT1SI) v |234 10EA |[The offset The offset +3A8 0to 15 (15) High N v
address is the [address is
SETN1 receive interrupt (INTSENT1RI) 235 10EB [sameinall |always +100, [+3ACk 0to 15 (15) A V x/
SENT2 SETN2 status interrupt (INTSENT2SI) v |236 10EC ;“32{‘;';@2‘; L?%?E,'?js o +3B0y 0 to 15 (15) v v
SETN2 receive interrupt (INTSENT2RI) 237 10ED Eig(")ie;‘n ’ Lifdsiie the | 3By, 0to 15 (15) N N
SENT3 SETNS status interrupt (INTSENT3SI) v |38 10EE ;isé’rzmg o address. +3B8,, 0to 15 (15) N N
SETNS receive interrupt (INTSENT3RI) 239 10EF  |Priority. +3BCy 0to 15 (15) N v
SENT4 SETNA4 status interrupt (INTSENT4SI) v 240 10F0 +3C0y 0to 15 (15) N v
SETN4 receive interrupt (INTSENT4RI) 241 10F1 +3C4y 0to 15 (15) V x/
SENTS5 SETNS5 status interrupt (INTSENT5SI) v 242 10F2 +3C8y 0to 15 (15) V v
SETNS5 receive interrupt INTSENT5RI) 243 10F3 +3CCy 0to 15 (15) V v
DTS DTS transfer end interrupt Ch0-31 (INTDTSTCO) N 244 10F4 +3D0y 0 to 15 (15) B \/
DTS transfer end interrupt Ch32-63 (INTDTSTC1) N |245 10F5 +3D4y 0to 15 (15) N v
DTS transfer end interrupt Ch64-95 (INTDTSTC2) v 246 10F6 +3D8y 0to 15 (15) N v
DTS transfer end interrupt Ch96-127 (INTDTSTC3) N [247 10F7 +3DCy 0to 15 (15) V x/
DTS count match interrupt Ch0-31 (INTDTSCMO) v 248 10F8 +3E0y 0to 15 (15) V v
DTS count match interrupt Ch32-63 (INTDTSCM1) v 249 10F9 +3E4y 0to 15 (15) V v
DTS count match interrupt Ch64-95 (INTDTSCM2) v |250 10FA +3E8y 0to 15 (15) B v
DTS count match interrupt Ch96-127 (INTDTSCM3) v 251 10FB +3ECy 0to 15 (15) N v
SINT Software interrupt 0 (INTSINTO) v |252 10FC +3F0y 0to 15 (15) N v
Software interrupt 1 (INTSINT1) v 253 10FD +3F4y 0to 15 (15) \ v
Software interrupt 2 (INTSINT2) v |254 10FE +3F8y 0to 15 (15) V v
Reserved 255 10FF +3FCy 0to 15 (15) —
TAUJ2 CHO interrupt of TAUJ2 (INTTAUJ2I0) 256 1100 +4004 0to 15 (15) N J
CHZ1 interrupt of TAUJ2 (INTTAUJ2I1) 257 1101 +404y, 0to 15 (15) R R
CH2 interrupt of TAUJ2 (INTTAUJ2I2) 258 1102 +408y, 0to 15 (15) R R
CH3 interrupt of TAUJ2 (INTTAUJ2I3) 259 1103 +40Cy 0to 15 (15) V x/
TAUD2 CHO interrupt of TAUD2 (INTTAUD2I0) 260 1104 +410y 0to 15 (15) V v
CH1 interrupt of TAUD2 (INTTAUD2I1) 261 1105 +414y, 0to 15 (15) V v
CH2 interrupt of TAUD2 (INTTAUD2I2) 262 1106 +418y, 0to 15 (15) B J
CH3 interrupt of TAUD2 (INTTAUD2I3) 263 1107 +41Cy 0to 15 (15) R R
CH4 interrupt of TAUD2 (INTTAUD214) 264 1108 +4204 0to 15 (15) R R
CHS5 interrupt of TAUD2 (INTTAUD2I5) 265 1109 +424,, 0to 15 (15) V x/
CHB6 interrupt of TAUD2 (INTTAUD2I6) 266 110A +428,, 0to 15 (15) V v
CH?7 interrupt of TAUD2 (INTTAUD2I7) 267 110B +42Cy 0to 15 (15) B J
CHB8 interrupt of TAUD2 (INTTAUD2I8) 268 110C +430y 0to 15 (15) N J
CH9 interrupt of TAUD2 (INTTAUD2I9) 269 110D +434 0to 15 (15) R R
CH10 interrupt of TAUD2 (INTTAUD2I10) 270 110E +438 0to 15 (15) V x/
CH11 interrupt of TAUD2 (INTTAUD2I11) 271 110F +43Cy 0to 15 (15) V x/
CH12 interrupt of TAUD2 (INTTAUD2I12) 272 1110 +440 0to 15 (15) V v
CH13 interrupt of TAUD2 (INTTAUD2I13) 273 1111 +444,, 0to 15 (15) B J
CH14 interrupt of TAUD2 (INTTAUD2I14) 274 1112 +448, 0to 15 (15) B J
CH15 interrupt of TAUD2 (INTTAUD2I15) 275 1113 +44Cy 0to 15 (15) R R
ENCAO ENCAO overflow interrupt (INTENCAOQIOV) 276 1114 +450 0to 15 (15) V x/
ENCAO match/capture interrupt 0 (INTENCAOIO) 277 1115 +454y, 0to 15 (15) \ v
ENCAO match/capture interrupt 1 INTENCAOI1) 278 1116 +458,, 0to 15 (15) V v
ENCAO underflow interrupt (INTENCAOIUD) 279 1117 +45Cy 0 to 15 (15) B \/
ENCAO encoder clear interrupt (INTENCAOIEC) 280 1118 +460y 0 to 15 (15) B \/
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Table 6.11 Interrupt Exception Handler and Priority (7/9)

F%_ Number of Offset Address Interrupt
_ _ 3 |Interrupt 3 ° Direct Branch Priority =z ‘?

Functional % & [Channel 'g 5 Table (Value after | & 5 g 2

Module Interrupt Source Name — £ |(EIINT) »n O |RINT=0 RINT =1 Reference [reset) [a):n - ~

ENCA1 ENCAL1 overflow interrupt (INTENCA1IOV) 281 1119  [The offset The offset +464y, 0to 15 (15) High N v

address is the [address is

ENCA1 match/capture interrupt O (INTENCALI0) 282 111A  |samein all always +100y +468y 0to 15 (15) A \ v
ENCAL match/capture interrupt 1 (INTENCALI1) 283 111B ;“32{‘;',?1@2‘; :ﬁ%?,rt‘i,lfjs o +46C 0 to 15 (15) v v
ENCAL underflow interrupt (INTENCALIUD) 284 111C Eig(")ie;‘n ’ Lif‘l‘éie the | 470, 0to 15 (15) N N
ENCAL encoder clear interrupt INTENCALIEC) 285 111D ;isé’rzmg o address. +474,, 0to 15 (15) VoY

TPBAO Period match detection interrupt 0 (INTTPBAOIPRD) 286 111 |priority. +478y 0to 15 (15) N v
Duty match detection interrupt 0 (INTTPBAOQIDTY) 287 111F +47Cy 0to 15 (15) N v
Pattern number matching detection interrupt O 288 1120 +480y 0to 15 (15) V v
(INTTPBAOIPAT)

TPBA1 Period match detection interrupt 1 (INTTPBA1IPRD) 289 1121 +484y 0to 15 (15) V v
Duty match detection interrupt 1 (INTTPBA1IDTY) 290 1122 +488 0 to 15 (15) B \/
Pattern number matching detection interrupt 1 291 1123 +48Ch 0 to 15 (15) N v
(INTTPBALIPAT)
Reserved 292 1124 +490y 0to 15 (15) — —
Reserved 293 1125 +494,, 0to 15 (15) — —

MPX ADCGO MPX request interrupt INTADCGOMPX) 294 1126 +498y, 0to 15 (15) V v
ADCG1 MPX request interrupt (INTADCG1MPX) 295 1127 +49Cy 0to 15 (15) B v

INTP External interrupt 10 (INTP10) 296 1128 +4A0 0to 15 (15) N v
External interrupt 11 (INTP11) 297 1129 +4A4y 0to 15 (15) N v
External interrupt 12 (INTP12) 298 112A +4A8y 0to 15 (15) V v
Reserved 299 112B +4ACy 0to 15 (15) — —
Reserved 300 112C +4BOy 0to 15 (15) — —
Reserved 301 112D +4B4y 0 to 15 (15) — —
Reserved 302 112E +4B8y 0to 15 (15) — —
Reserved 303 112F +4BCy 0to 15 (15) — —
Reserved 304 1130 +4C0y 0to 15 (15) — —
Reserved 305 1131 +4C4y 0to 15 (15) — —
Reserved 306 1132 +4C8 0 to 15 (15) — —
Reserved 307 1133 +4CCyy 0to 15 (15) — —
Reserved 308 1134 +4D0y 0to 15 (15) — —
Reserved 309 1135 +4D4y 0to 15 (15) — —
Reserved 310 1136 +4D8 0to 15 (15) — —
Reserved 311 1137 +4DCh 0to 15 (15) — —
Reserved 312 1138 +4EQy 0to 15 (15) — —
Reserved 313 1139 +4E4y 0 to 15 (15) — —
Reserved 314 113A +4E8Y 0to 15 (15) — —
Reserved 315 113B +4ECH 0to 15 (15) — —
Reserved 316 113C +4F0y 0to 15 (15) — —
Reserved 317 113D +4F4, 0to 15 (15) — —
Reserved 318 113E +4F8y 0to 15 (15) — —
Reserved 319 113F +4FCy 0to 15 (15) — —
Reserved 320 1140 +5004 0to 15 (15) — —
Reserved 321 1141 +504y 0to 15 (15) — —
Reserved 322 1142 +508y 0to 15 (15) — —
Reserved 323 1143 +50CH 0 to 15 (15) — —
Reserved 324 1144 +5104 0 to 15 (15) — —
Reserved 325 1145 +514y, 0to 15 (15) — —
Reserved 326 1146 +518 0to 15 (15) — —
Reserved 327 1147 +51Ch 0to 15 (15) — —
Reserved 328 1148 +520y 0to 15 (15) — —
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Table 6.11 Interrupt Exception Handler and Priority (8/9)
F%_ Number of Offset Address Interrupt
_ _ 3 |Interrupt 3 ° Direct Branch Priority =z ‘?
Functional % & [Channel 'g 5 Table (Value after | & 5 g 2
Module Interrupt Source Name — £ |(EIINT) »n O |RINT=0 RINT =1 Reference [reset) [a):n - ~
Reserved 329 1149 [The offset The offset +524y 0to 15 (15) High | — —
address is the [address is
Reserved 330 114A  |same in all always +1004 +528y 0to 15 (15) A — —
Reserved 331 114B fshjg{‘;';iﬂgﬂ :ﬁ%ﬂsfﬁs o +52Cy 0to 15 (15) — | =
Reserved 332 114C Eig(")ie;‘n d Lif‘l‘éie the 550, |oto15(15) I
Reserved 333 114D ;gsé’rgmg o address.  l.534.  |0to 15 (15) — | =
Reserved 334 114  |priority. +538y, 0to 15 (15) — | =
Reserved 335 114F +53Ch 0to 15 (15) — —
Reserved 336 1150 +540y 0to 15 (15) — —
Reserved 337 1151 +544, 0to 15 (15) — —
Reserved 338 1152 +548y, 0to 15 (15) — | =
Reserved 339 1153 +54Cy 0to 15 (15) — —
Reserved 340 1154 +550 0 to 15 (15) — —
Reserved 341 1155 +554y, 0to 15 (15) — —
Reserved 342 1156 +558y 0to 15 (15) — —
Reserved 343 1157 +55CH 0to 15 (15) — —
Reserved 344 1158 +560y 0to 15 (15) — | =
Reserved 345 1159 +564y 0to 15 (15) — —
Reserved 346 115A +568 0to 15 (15) — —
Reserved 347 115B +56CH 0to 15 (15) — —
Reserved 348 115C +570y 0to 15 (15) — —
Reserved 349 115D +574y 0to 15 (15) — —
Reserved 350 115E +578y 0to 15 (15) — —
Reserved 351 115F +57Ch 0to 15 (15) — —
Reserved 352 1160 +580 0to 15 (15) — —
Reserved 353 1161 +584, 0to 15 (15) — —
Reserved 354 1162 +588y 0to 15 (15) — —
Reserved 355 1163 +58Cy 0to 15 (15) — | =
Reserved 356 1164 +590y 0to 15 (15) — | =
Reserved 357 1165 +594y, 0to 15 (15) — —
Reserved 358 1166 +598, 0to 15 (15) — —
Reserved 359 1167 +59CH 0to 15 (15) — —
Reserved 360 1168 +5A0y 0to 15 (15) — —
Reserved 361 1169 +5A4y 0to 15 (15) — | =
Reserved 362 116A +5A8y 0to 15 (15) — —
Reserved 363 116B +5ACy 0to 15 (15) — —
Reserved 364 116C +5B0y 0to 15 (15) — —
Reserved 365 116D +5B4y 0to 15 (15) — —
Reserved 366 116E +5B8y 0to 15 (15) — —
Reserved 367 116F +5BCy 0to 15 (15) — | =
Reserved 368 1170 +5C0y 0to 15 (15) — —
Reserved 369 1171 +5C4y 0to 15 (15) — —
Reserved 370 1172 +5C8y 0to 15 (15) — —
Reserved 371 1173 +5CCh 0to 15 (15) — —
Reserved 372 1174 +5D0y 0to 15 (15) — —
Reserved 373 1175 +5D4y, 0to 15 (15) — —
Reserved 374 1176 +5D8 0to 15 (15) — —
Reserved 375 1177 +5DCqy 0to 15 (15) — —
Reserved 376 1178 +5E0 0to 15 (15) — —
Reserved 377 1179 +5E4y 0to 15 (15) — —
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Table 6.11 Interrupt Exception Handler and Priority (9/9)

< Offset Address
= Number of Interrupt
_ 32 [Interrupt 3 - Direct Branch Priority £2
Functional 2 5 |Channel 55 Table (Value after | & s| 2 2
Module Interrupt Source Name $ £ |EINT) 33 |RINT=0 RINT =1 Reference [reset) oa - ~
Reserved 378 117A  [The offset The offset +5E8 0to 15 (15) High | — —
address is the [address is
Flash Flash sequencer end interrupt (INTFLENDNM)*3 379 117B  |same in all always +100y +5ECH 0to 15 (15) \ v
channels and |regardless of
Reserved 380 117C  |is determined priority to +5F0y 0to 15 (15) — —
between reduce the
Reserved 381 170 (100, and  |offset +5F4, 0 to 15 (15) — | -
Reserved 382 u7e |FFou address.  l.5pg [0to 15 (15) — | =
according to
Flash Flash sequencer end error interrupt (INTFLERR)*3 v |383 117F  |Priority. +5FCy 0to 15 (15) N v
Note 1.  The table indicates whether interrupts from each source are detected by level or edge. If a cell in this column
is checked, the interrupt from that source is detected when the signal is at the high level. If it is blank,
detection is of the selected edge. For interrupts from sources detected by the signal being at the high level,
use software in the interrupt handler to clear the status register in the given module.
Note 2.  For a level interrupt, the status register in each module should be cleared during interrupt processing by
software.
Note 3.  For details of interrupt generation factors, see the RH850/P1M-E Flash Memory User’s Manual: Hardware
Interface.
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6.5 Operation

6.5.1 External Interrupts (NMI/ INTP)

The external interrupts INTPm and NMI can be configured to generate an interrupt request upon a
rising or falling edge or upon both edges of the external pin.

For the interrupt detection flow, see Section 6.5.4, Interrupt Processing Flow.

6.5.2 Software Interrupt

For the operation of software interrupts, see Section 6.2.7, SINTRO - SINTR4 — Software
Interrupt Registers and Section 6.5.4, Interrupt Processing Flow.

6.5.3 DTS Interrupt Merge Function

Up to 128 transfer end interrupts and up to 128 transfer count match interrupts are aggregated into one
interrupt in units of 32 interrupts.

When multiplex interrupts have occurred, bits of only accepted interrupt sources are set to 1 in status
registers (PINTO to PINT?7) so that accepted interrupts can be recognized. For the interrupt request flow
by merging DTS interrupts, see Section 6.5.4, Interrupt Processing Flow.

Table 6.12 DTS Interrupt-related Registers

Interrupt Source CH Status Register Clear Register
DTS transfer end interrupt 0to31 PINTO PINTCLRO
3210 63 PINT1 PINTCLR1
64 to 95 PINT2 PINTCLR2
96 to 127 PINT3 PINTCLR3
DTS transfer count match interrupt Oto 31 PINT4 PINTCLR4
3210 63 PINTS PINTCLRS5
64 to 95 PINT6 PINTCLR6
96 to 127 PINT7 PINTCLR7
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6.5.4 Interrupt Processing Flow

6.5.4.1 NMI Processing Flow

Figure 6.1 shows an NMI detection flow.

o Select an NMI detecting method (rising edge, falling edge, and both edges) by setting the

FCLAOCTLO register.

o After an NMI has been detected, an interrupt request is sent to the INTC.

e When the interrupt processing in the INTC has been completed, the INTC enters the NMI

detection waiting state again.

( Start )

Y

Set detection mode in
FCLAOCTLO register.

»

b

Input to the NMI pin?

<
4

Interrupt occurs

A

Interrupt processing routine

interrupt |

Return from

nstruction

Figure 6.1 NMI Processing Flow
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6.5.4.2  External Interrupt Processing Flow

Figure 6.2 shows an INTP (external interrupt) detection flow.

e Select an INTP detecting method (rising edge, falling edge, and both edges) by setting the

FCLANCTLmM register.

o After an INTP has been detected, an interrupt request is sent to the INTC.

Set detection mode in
FCLANCTLm register.

v

Set registers in
the INTC.

»le
Ll

<>

Y

Interrupt occurs

v

Interrupt processing
routine

v

Return from
interrupt Instruction

]
Figure 6.2 External Interrupt Processing Flow
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6.5.4.3  Software Interrupt Processing Flow

Figure 6.3 shows the flow of software interrupt requests.

e Software interrupt requests are controlled by writing 00 or 01y to the counter bits SINTCn[7:0]
in the software interrupt registers (SINTRO to SINTR4).

e Writing 01y increments the counter value by 1.
e Writing 00y decrements the counter value by 1.
o If an incremented counter value is larger than 1, an interrupt request is issued to the INTC.

e On completion of other interrupt processing in the INTC, if SINTRn is 004, normal processing
resumes.

( Start )
v

Set the INTC register

v

Write 01,,to SINTRn

v

Interrupt occurs

v

Write 00, to SINTRn in
the interrupt processing routine

v

Return from
interrupt instruction

( Normal processing )

Figure 6.3 Software Interrupt Processing Flow
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6.5.4.4 DTS Interrupt Processing Flow

Figure 6.4 shows a DTS interrupt request flow.
e When only one interrupt request is generated out of bundled 32 interrupt sources

— The bit corresponding to the interrupt request in the PINTn register is set to 1 and an interrupt
request is output.

— On completion of other interrupt processing, write 1 to the interrupt clear register
(PINTCLRN) to clear the interrupt request before issuing the return from interrupt instruction,
then wait for the next one.

¢ When multiplex interrupt requests are generated out of bundled 32 interrupt sources

— The highest-priority bit (interrupts on the lower-bits side take precedence) out of bits with
interrupt request is extracted and only the extracted bit in the PINTn register is set to 1, and an
interrupt request is output.

— On completion of other interrupt processing, write 1 to the interrupt clear register
(PINTCLRN) to clear the highest-priority interrupt request, then issue the return from
interrupt instruction.

— After the highest-priority interrupt request has been cleared, the second highest-priority
interrupt request is accepted. The corresponding bit in the PINTn register is set to 1 in the
same way as before, and an interrupt request is output.

— These steps are repeated until all interrupt sources bundled into 32 bits are cleared.
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Figure 6.4 DTS Interrupt Processing Flow
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6.6 Interrupt latency

The interrupt latency is summarized in Table 6.13, Interrupt Latency. The given values describe
the response time from the assertion of the interrupt trigger at the INTC module and the instruction
fetch of the first instruction inside the interrupt handling routine. The response time is the typical time
for the given scenario. However, it is assumed that no other bus master accesses the code flash in case
of an instruction cache miss. The unit of the response time is CPU1 clock cycle.

Table 6.13 Interrupt Latency

Instruction Interrupt Exception handler Address reference table Leteney (CEU
cache detection addressing method location INTC1 INTC2
hit edge direct vector NA 7 12
miss edge direct vector NA 10 15

hit level direct vector NA 6 10
miss level direct vector NA 9 13

hit edge table reference Local RAM 11 16
miss edge table reference Local RAM 14 19

hit level table reference Local RAM 10 14
miss level table reference Local RAM 13 17

hit edge table reference Code flash 14 19
miss edge table reference Code flash 17 22

hit level table reference Code flash 13 17
miss level table reference Code flash 16 20

6.7 Using Interrupt Request Signals to Initiate Data Transfer

An interrupt request signal activates the DMAC/DTS to perform data transfer. For details, see Section
7, DMA.
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Section 7 DMA

7.1 Features of RH850/P1M-E DMA

7.1.1 Number of Channels

The products of the RH850/P1M-E series incorporate a DMA with the number of channels indicated
below.

Table 7.1 Number of Channels

RH850/P1M-E RH850/P1M-E
Product Name 100 pins 144 pins
Number of channels DMA 16ch Redundant
DTS 128ch Redundant
Table 7.2 Indices
Index Description
n In this section, the DMA unit are identified with an index “n” (n = 0 to 15), for example, as
DMACh.*!
m In this section, the DTS channels are identified with an index “m” (m = 000 to 127).
k In this section, the DMA hardware transfer resource are identified with an index “k” (k =0 to
127).

Note 1.  The correspondence between the channel number “n” and the channel is as follows.

Channel Number n Channel

DMACO channel 0

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 N[O~ W[IN|F|O

DMAC1 channel 1

=
o

DMAC1 channel 2

11 DMACL1 channel 3
12 DMAC1 channel 4
13 DMAC1 channel 5
14 DMAC1 channel 6
15 DMAC1 channel 7
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7.1.2

7.1.3

Register Base Address

The DMA/DTS base address is indicated in the following table.

The DMAJ/DTS register address is expressed as an offset of the base address.

Table 7.3

Register Base Address

Base Address Name

Base Address

<DMAC_base> FFFF 8000y
<DTS_base> FFFF 90004
<DMATRG_base> FFF9 9000y

Interrupt Requests

The DMA/DTS interrupt requests are listed in the following table.

Table 7.4

Interrupt Requests (1/2)

Unit Interrupt Name

Description

Interrupt Number

ECM*!

INTDMAO

DMAOO transfer end/count match

16

INTDMAL DMAOL1 transfer end/count match 17 —

INTDMA2 DMAO2 transfer end/count match 18 —

INTDMA3 DMAO3 transfer end/count match 19 —

INTDMA4 DMAO4 transfer end/count match 20 —

INTDMAS DMAO5 transfer end/count match 21 —

INTDMA6 DMAO06 transfer end/count match 22 —

INTDMA7 DMAQO7 transfer end/count match 23 —

INTDMAS8 DMAO08 transfer end/count match 24 —

INTDMA9 DMAO9 transfer end/count match 25 —

INTDMA10 DMA10 transfer end/count match 26 —

INTDMA11 DMAL11 transfer end/count match 27 —

INTDMA12 DMA12 transfer end/count match 28 —

INTDMA13 DMA13 transfer end/count match 29 —

INTDMA14 DMA14 transfer end/count match 30 —

INTDMA15 DMAL15 transfer end/count match 31 —

INTDTSTCO DTS transfer end interrupt 244 —
CHO-CH31

INTDTSTC1 DTS transfer end interrupt 245 —
CH32-CH63

INTDTSTC2 DTS transfer end interrupt 246 —
CH64-CH95

INTDTSTCS3 DTS transfer end interrupt 247 —
CH96-CH127

INTDTSCMO DTS count match interrupt 248 —
CHO-CH31

INTDTSCM1 DTS count match interrupt 249 —
CH32-CH63

INTDTSCM2 DTS count match interrupt 250 —

CH64-CH95
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7.1.4

Table 7.4 Interrupt Requests (2/2)
Unit Interrupt Name Description Interrupt Number ECMm*L
INTDTSCM3 DTS count match interrupt 251 —
CH96-CH127
DMAERR DMA transfer error — O
DMAVIOL DMA illegal access error — O

Note 1.  For detail of the error input to ECM, see Section 32, Error Control Module (ECM).

DMA Trigger Source

The table below shows the assignment of trigger sources to DMAC inputs.

The DMA trigger source assignment for each DMAC channel is set in the DTFR register.

Mar 23, 2018

Table 7.5 List of DMA Trigger Sources (1/4)

Channel Interrupt Name DMA Trigger Source

DMACTRG[0] INTP9 External interrupt

DMACTRGI1] INTTAUJOIO TAUJO CHO interrupt

DMACTRGI2] INTTAUJOI1 TAUJO CH1 interrupt

DMACTRGI3] INTTAUJOI2 TAUJO CH2 interrupt

DMACTRGI[4] INTTAUJOI3 TAUJO CH3 interrupt

DMACTRGI5] INTTAUJ1IO TAUJ1 CHO interrupt

DMACTRGI6] INTTAUJ1I1 TAUJ1 CH1 interrupt

DMACTRG[7] INTTAUJ1I2 TAUJ1 CH2 interrupt

DMACTRGI8] INTTAUJ1I3 TAUJ1 CH3 interrupt

DMACTRGI[9] INTTAUJ2I0 TAUJ2 CHO interrupt

DMACTRG[10] INTTAUJ2I1 TAUJ2 CH1 interrupt

DMACTRG[11] INTTAUJ2I2 TAUJ2 CH2 interrupt

DMACTRG[12] INTTAUJ2I3 TAUJ2 CH3 interrupt

DMACTRG[13] INTTAUDOIO TAUDO CHO interrupt if DMACSELO0QO = 0
RX FIFO DMA request 0 if DMACSELO0O = 1

DMACTRGJ[14] INTTAUDOI1 TAUDO CHL1 interrupt if DMACSELO01 = 0
RX FIFO DMA request 1 if DMACSELO001 = 1

DMACTRG[15] INTTAUDOI2 TAUDO CH2 interrupt if DMACSEL002 = 0
RX FIFO DMA request 2 if DMACSEL002 = 1

DMACTRG[16] INTTAUDOI3 TAUDO CH3 interrupt if DMACSEL003 = 0
RX FIFO DMA request 3 if DMACSELO003 = 1

DMACTRG[17] INTTAUDOI4 TAUDO CH4 interrupt if DMACSEL004 = 0
RX FIFO DMA request 4 if DMACSELO004 = 1

DMACTRG[18] INTTAUDOI5 TAUDO CHS5 interrupt if DMACSELOO05 = 0
RX FIFO DMA request 5 if DMACSELO005 = 1

DMACTRG[19] INTTAUDOI6 TAUDO CH6 interrupt if DMACSELO006 = 0
RX FIFO DMA request 6 if DMACSELO006 = 1

DMACTRG[20] INTTAUDOI7 TAUDO CH7 interrupt if DMACSELO07 = 0
RX FIFO DMA request 7 if DMACSELO007 = 1

DMACTRG[21] INTTAUDOI8 TAUDO CHS8 interrupt if DMACSEL008 = 0
COM FIFO DMA request 0 if DMACSEL008 = 1

DMACTRG[22] INTTAUDOI9 TAUDO CH9 interrupt if DMACSEL009 = 0
COM FIFO DMA request 1 if DMACSEL009 = 1
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Table 7.5 List of DMA Trigger Sources (2/4)

Channel Interrupt Name DMA Trigger Source

DMACTRG[23] INTTAUDOI10 TAUDO CH10 interrupt if DMACSEL010 =0
COM FIFO DMA request 2 if DMACSEL010 = 1

DMACTRG[24] INTTAUDOI11 TAUDO CH11 interrupt

DMACTRGI[25] INTTAUDOI12 TAUDO CH12 interrupt

DMACTRG[26] INTTAUDOI13 TAUDO CH13 interrupt

DMACTRG[27] INTTAUDOI14 TAUDO CH14 interrupt

DMACTRG[28] INTTAUDOI15 TAUDO CH15 interrupt

DMACTRG[29] INTTAUD1IO TAUD1 CHO interrupt

DMACTRG[30] INTTAUD1I1 TAUDL1 CH1 interrupt

DMACTRG[31] INTTAUD1I2 TAUDL1 CH2 interrupt

DMACTRG[32] INTTAUD1I3 TAUDL1 CH3 interrupt

DMACTRG[33] INTTAUD1I4 TAUDL1 CH4 interrupt

DMACTRG[34] INTTAUD1I5 TAUDL1 CHS5 interrupt if DMACSEL100 = 0
RX FIFO DMA request 0 if DMACSEL100 =1

DMACTRG[35] INTTAUD116 TAUDL1 CH6 interrupt if DMACSEL101 =0
RX FIFO DMA request 1 if DMACSEL101 =1

DMACTRG[36] INTTAUD1I7 TAUDL1 CHY7 interrupt if DMACSEL102 =0
RX FIFO DMA request 2 if DMACSEL102 = 1

DMACTRG[37] INTTAUD1I8 TAUD1 CHS8 interrupt if DMACSEL103 =0
RX FIFO DMA request 3 if DMACSEL103 =1

DMACTRG[38] INTTAUD1I9 TAUD1 CH9 interrupt if DMACSEL104 =0
RX FIFO DMA request 4 if DMACSEL104 =1

DMACTRGI[39] INTTAUD1I10 TAUD1 CH10 interrupt if DMACSEL105 =0
RX FIFO DMA request 5 if DMACSEL105 =1

DMACTRG[40] INTTAUD1I11 TAUD1 CH11 interrupt if DMACSEL106 = 0
RX FIFO DMA request 6 if DMACSEL106 = 1

DMACTRG[41] INTTAUD1I12 TAUD1 CH12 interrupt if DMACSEL107 =0
RX FIFO DMA request 7 if DMACSEL107 =1

DMACTRG[42] INTTAUD1I13 TAUD1 CH13 interrupt if DMACSEL108 =0
CON FIFO DMA request 0 if DMACSEL108 = 1

DMACTRG[43] INTTAUD1I14 TAUD1 CH14 interrupt if DMACSEL109 =0
CON FIFO DMA request 1 if DMACSEL109 =1

DMACTRG[44] INTTAUD1I15 TAUDL1 CH15 interrupt if DMACSEL110 =0
CON FIFO DMA request 2 if DMACSEL110 = 1

DMACTRG[45] INTTAUD2I0 TAUD2 CHO interrupt

DMACTRG[46] INTTAUD2I1 TAUD2 CH1 interrupt

DMACTRG[47] INTTAUD2I2 TAUD2 CH2 interrupt

DMACTRG[48] INTTAUD2I3 TAUD2 CH3 interrupt

DMACTRG[49] INTTAUD214 TAUD2 CH4 interrupt

DMACTRG[50] INTTAUD2I5 TAUD2 CHS5 interrupt

DMACTRG[51] INTTAUD216 TAUD2 CH6 interrupt

DMACTRG[52] INTTAUD2I7 TAUD2 CHZ7 interrupt

DMACTRG[53] INTTAUD2I8 TAUD2 CH8 interrupt

DMACTRG[54] INTTAUD2I9 TAUD2 CH9 interrupt

DMACTRG[55] INTADCGOIO ADCGO0 SGO end interrupt

DMACTRG[56] INTADCGOI1 ADCGO SG1 end interrupt

DMACTRG[57] INTADCGOI2 ADCGO0 SG2 end interrupt

DMACTRG[58] INTADCGOI3 ADCGO SG3 end interrupt
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Table 7.5 List of DMA Trigger Sources (3/4)

Channel Interrupt Name DMA Trigger Source
DMACTRG[59] INTADCGOI4 ADCGO0 SG4 end interrupt
DMACTRG[60] INTADCGL1I0 ADCG1 SGO0 end interrupt
DMACTRG[61] INTADCGL1I1 ADCG1 SGL1 end interrupt
DMACTRG[62] INTADCG1I2 ADCG1 SG2 end interrupt
DMACTRG[63] INTADCGL1I3 ADCG1 SG3 end interrupt
DMACTRG[64] INTADCG1l4 ADCG1 SG4 end interrupt
DMACTRG[65] INTCSIHOIROS CSIHO receive status/

CSO0 receive status interrupt
DMACTRG[66] INTCSIHOICOS CSIHO communication status/

CS0 communication status interrupt
DMACTRG[67] INTCSIHOIR1 CSIHO CS1 receive status interrupt
DMACTRG[68] INTCSIHOIC1 CSIHO CS1 communication status interrupt
DMACTRG[69] INTCSIHOIR2 CSIHO CS2 receive status interrupt
DMACTRG[70] INTCSIHOIC2 CSIHO CS2 communication status interrupt
DMACTRG[71] INTCSIHOIJC CSIHO JOB completion interrupt
DMACTRG[72] INTCSIH1IRO0S CSIH1 receive status/

CSO receive status interrupt
DMACTRG[73] INTCSIH1IC0S CSIH1 communication status/

CS0 communication status interrupt
DMACTRG[74] INTCSIH1IR1 CSIH1 CS1 receive status interrupt
DMACTRG[75] INTCSIH1IC1 CSIH1 CS1 communication status interrupt
DMACTRG[76] INTCSIH1IR2 CSIH1 CS2 receive status interrupt
DMACTRG[77] INTCSIH1IC2 CSIH1 CS2 communication status interrupt
DMACTRG[78] INTCSIH1IJC CSIH1 JOB completion interrupt
DMACTRG[79] INTCSIH2IR CSIH2 receive status
DMACTRG[80] INTCSIH2IC CSIH2 communication status
DMACTRG[81] INTCSIH21JC CSIH2 JOB completion interrupt
DMACTRG[82] INTCSIH3IR CSIH3 receive status
DMACTRG[83] INTCSIH3IC CSIH3 communication status
DMACTRG[84] INTCSIH3IJC CSIH3 JOB completion interrupt
DMACTRG[85] INTCSIGOIR CSIGO receive status interrupt
DMACTRG[86] INTCSIGOIC CSIGO transmit status interrupt
DMACTRG[87] INTSCI30RXI SCI30 receive data full
DMACTRG[88] INTSCI30TXI SCI30 communication data empty
DMACTRG[89] INTSCI31RXI SCI31 receive data full
DMACTRG[90] INTSCI31TXI SCI31 communication data empty
DMACTRG[91] INTSCI32RXI SCI32 receive data full
DMACTRG[92] INTSCI32TXI SCI32 communication data empty
DMACTRG[93] INTADCGOMPX ADCGO0 MPX interrupt request
DMACTRG[94] INTADCG1MPX ADCG1 MPX interrupt request
DMACTRG[95] INTRLIN3OUR1 RLIN30 receive completion interrupt
DMACTRG[96] INTRLIN30URO RLIN30 transmit interrupt
DMACTRG[97] INTRLIN31UR1 RLIN31 receive completion interrupt
DMACTRG[98] INTRLIN31URO RLIN31 transmit interrupt
DMACTRG[99] INTTSG30I11 TSG30 compare match interrupt 11
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Table 7.5 List of DMA Trigger Sources (4/4)
Channel Interrupt Name DMA Trigger Source
DMACTRG[100] INTTSG30112 TSG30 compare match interrupt12
DMACTRG[101] INTTSG30IPEK TSG30 peak interrupt
DMACTRG[102] INTTSG30IVLY TSG30 valley interrupt
DMACTRG[103] INTTSG31I11 TSG31 compare match interrupt 11
DMACTRG[104] INTTSG31112 TSG31 compare match interrupt 12
DMACTRG[105] INTTSG31IPEK TSG31 peak interrupt
DMACTRG[106] INTTSG31IVLY TSG31 valley interrupt
DMACTRG[107] INTENCAOIO ENCAO match/capture interrupt O
DMACTRG[108] INTENCAOI1 ENCAO match/capture interrupt 1
DMACTRG[109] INTENCALIO ENCA1 match/capture interrupt 0
DMACTRG[110] INTENCALI1 ENCAL1 match/capture interrupt 1
DMACTRG[111] INTTPBAOIPRD TPBAO Period match detection interrupt
DMACTRG[112] INTTPBAOIDTY TPBAO Duty match detection interrupt
DMACTRG[113] INTTPBAOIPAT TPBAO Pattern count match detection interrupt
DMACTRG[114] INTTPBA1IPRD TPBA1 Period match detection interrupt
DMACTRG[115] INTTPBALIDTY TPBA1 Duty match detection interrupt
DMACTRG[116] INTTPBALIPAT TPBA1 Pattern count match detection interrupt
DMACTRG[117] INTPSI50RI PSI50 receive interrupt
DMACTRG[118] INTPSI51RI PSI51 receive interrupt
DMACTRG[119] INTSENTORI SETNO receive interrupt
DMACTRG[120] INTSENTL1RI SETNL1 receive interrupt
DMACTRG[121] INTSENT2RI SETNZ2 receive interrupt
DMACTRG[122] INTSENT3RI SETNS receive interrupt
DMACTRG[123] INTSENT4RI SETNA4 receive interrupt
DMACTRG[124] INTSENT5RI SETNS receive interrupt
DMACTRG[125] Reserved —
DMACTRG[126] Reserved —
DMACTRG[127] INTDMAFL Signal for DMA program command*!

Note 1.  For details, see the RH850/P1M-E Flash Memory User's Manual: Hardware Interface.
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7.1.5 DTS Trigger Source

The table below shows the assignment of trigger sources to DTS inputs. Some of the trigger sources are
selected from two sources (primary and secondary). After reset, the primary trigger source is selected.
The secondary source is software selectable by writing a configuration register. The request status of

selected trigger source is maintained in DTSFSL register.

Table 7.6 List of DTS Trigger Sources (1/4)

Channel Interrupt Name DTS Trigger Source

DTSTRGIO0] INTP9 External interrupt

DTSTRG[1] INTTAUJOIO TAUJO CHO interrupt

DTSTRG[2] INTTAUJOI1 TAUJO CH1 interrupt

DTSTRG[3] INTTAUJOI2 TAUJO CH2 interrupt

DTSTRG[4] INTTAUJOI3 TAUJO CH3 interrupt

DTSTRG[5] INTTAUJ1IO TAUJ1 CHO interrupt

DTSTRG[6] INTTAUJ1I1 TAUJ1 CH1 interrupt

DTSTRG[7] INTTAUJ1I2 TAUJ1 CH2 interrupt

DTSTRG[8] INTTAUJ1I3 TAUJ1 CH3 interrupt

DTSTRG[9] INTTAUJ2I0 TAUJ2 CHO interrupt

DTSTRG[10] INTTAUJ2I1 TAUJ2 CH1 interrupt

DTSTRG[11] INTTAUJ2I2 TAUJ2 CH2 interrupt

DTSTRG[12] INTTAUJ2I3 TAUJ2 CH3 interrupt

DTSTRG[13] INTTAUDOIO TAUDO CHO interrupt if DTSSEL000 = 0
RX FIFO DMA request 0 if DTSSEL000 = 1

DTSTRG[14] INTTAUDOI1 TAUDO CH1 interrupt if DTSSEL001 = 0
RX FIFO DMA request 1 if DTSSEL001 = 1

DTSTRG[15] INTTAUDOI2 TAUDO CH2 interrupt if DTSSEL002 = 0
RX FIFO DMA request 2 if DTSSEL002 = 1

DTSTRG[16] INTTAUDOI3 TAUDO CH3 interrupt if DTSSEL003 = 0
RX FIFO DMA request 3 if DTSSEL003 = 1

DTSTRG[17] INTTAUDOI4 TAUDO CH4 interrupt if DTSSEL004 =0
RX FIFO DMA request 4 if DTSSEL004 = 1

DTSTRGI18] INTTAUDOI5 TAUDO CHS5 interrupt if DTSSELO05 = 0
RX FIFO DMA request 5 if DTSSEL005 = 1

DTSTRGI19] INTTAUDOI6 TAUDO CHE6 interrupt if DTSSEL006 = 0
RX FIFO DMA request 6 if DTSSEL006 = 1

DTSTRGI20] INTTAUDOI7 TAUDO CH?7 interrupt if DTSSEL007 = 0
RX FIFO DMA request 7 if DTSSEL007 = 1

DTSTRGI[21] INTTAUDOI8 TAUDO CHS8 interrupt if DTSSELO08 = 0
COM FIFO DMA request 0 if DTSSEL008 = 1

DTSTRGI[22] INTTAUDOI9 TAUDO CH9 interrupt if DTSSELO09 = 0
COM FIFO DMA request 1 if DTSSEL009 = 1

DTSTRGI23] INTTAUDOI10 TAUDO CH10 interrupt if DTSSEL010 = 0
COM FIFO DMA request 2 if DTSSEL010 = 1

DTSTRGI[24] INTTAUDOI11 TAUDO CH11 interrupt

DTSTRGI25] INTTAUDOI12 TAUDO CH12 interrupt

DTSTRGI[26] INTTAUDOI13 TAUDO CH13 interrupt

DTSTRGI[27] INTTAUDOI14 TAUDO CH14 interrupt

DTSTRGI[28] INTTAUDOI15 TAUDO CH15 interrupt

DTSTRGI[29] INTTAUD1I0 TAUD1 CHO interrupt

DTSTRGI30] INTTAUD1I1 TAUD1 CH1 interrupt
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Table 7.6 List of DTS Trigger Sources (2/4)

Channel Interrupt Name DTS Trigger Source

DTSTRG[31] INTTAUD1I2 TAUD1 CH2 interrupt

DTSTRGI[32] INTTAUD1I3 TAUD1 CH3 interrupt

DTSTRGI[33] INTTAUD1I4 TAUD1 CH4 interrupt

DTSTRG[34] INTTAUDL1I5 TAUD1 CHS5 interrupt if DTSSEL100 = 0
RX FIFO DMA request 0 if DTSSEL100 = 1

DTSTRGI[35] INTTAUDL1I6 TAUD1 CH6 interrupt if DTSSEL101 =0
RX FIFO DMA request 1 if DTSSEL101 =1

DTSTRG[36] INTTAUD1I7 TAUD1 CH7 interrupt if DTSSEL102 =0
RX FIFO DMA request 2 if DTSSEL102 = 1

DTSTRGI[37] INTTAUDL1I8 TAUD1 CH8 interrupt if DTSSEL103 =0
RX FIFO DMA request 3 if DTSSEL103 =1

DTSTRGI[38] INTTAUDL1I9 TAUD1 CH9 interrupt if DTSSEL104 =0
RX FIFO DMA request 4 if DTSSEL104 = 1

DTSTRGI[39] INTTAUDL1I10 TAUD1 CH10 interrupt if DTSSEL105 = 0
RX FIFO DMA request 5 if DTSSEL105 = 1

DTSTRGJ[40] INTTAUD1I11 TAUD1 CH11 interrupt if DTSSEL106 = 0
RX FIFO DMA request 6 if DTSSEL106 = 1

DTSTRG[41] INTTAUD1I12 TAUD1 CH12 interrupt if DTSSEL107 =0
RX FIFO DMA request 7 if DTSSEL107 =1

DTSTRG[42] INTTAUD1I13 TAUD1 CH13 interrupt if DTSSEL108 = 0
CON FIFO DMA request 0 if DTSSEL108 = 1

DTSTRG[43] INTTAUD1I14 TAUD1 CH14 interrupt if DTSSEL109 = 0
CON FIFO DMA request 1 if DTSSEL109 = 1

DTSTRG[44] INTTAUD1I15 TAUD1 CH15 interrupt if DTSSEL110 = 0
CON FIFO DMA request 2 if DTSSEL110 = 1

DTSTRGI[45] INTTAUD2IO TAUD2 CHO interrupt

DTSTRGI[46] INTTAUD2I1 TAUD2 CH1 interrupt

DTSTRG[47] INTTAUD2I2 TAUD2 CH2 interrupt

DTSTRG[48] INTTAUD2I3 TAUD2 CH3 interrupt

DTSTRG[49] INTTAUD2I4 TAUD2 CH4 interrupt

DTSTRGI[50] INTTAUD2I5 TAUD2 CHS5 interrupt

DTSTRGI[51] INTTAUD2I6 TAUD2 CH6 interrupt

DTSTRGI[52] INTTAUD2I7 TAUD2 CHY interrupt

DTSTRGI[53] INTTAUD2I8 TAUD2 CH8 interrupt

DTSTRG[54] INTTAUD2I9 TAUD2 CH9 interrupt

DTSTRG[55] INTADCGOIO ADCGO SGO end interrupt

DTSTRG[56] INTADCGOI1 ADCGO SG1 end interrupt

DTSTRG[57] INTADCGOI2 ADCGO SG2 end interrupt

DTSTRG[58] INTADCGOI3 ADCGO SG3 end interrupt

DTSTRG[59] INTADCGOI4 ADCGO0 SG4 end interrupt

DTSTRG[60] INTADCGL1I0 ADCG1 SGO end interrupt

DTSTRG[61] INTADCG1I1 ADCG1 SG1 end interrupt

DTSTRG[62] INTADCG1I2 ADCG1 SG2 end interrupt

DTSTRG[63] INTADCG1I3 ADCG1 SG3 end interrupt

DTSTRG[64] INTADCG114 ADCG1 SG4 end interrupt

DTSTRG[65] INTCSIHOIRO0S CSIHO receive status/
CSO receive status interrupt
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Table 7.6 List of DTS Trigger Sources (3/4)

Channel Interrupt Name DTS Trigger Source
DTSTRGI[66] INTCSIHOIC0S CSIHO communication status/

CS0 communication status interrupt
DTSTRGI[67] INTCSIHOIR1 CSIHO CS1 receive status interrupt
DTSTRGI[68] INTCSIHOIC1 CSIHO CS1 communication status interrupt
DTSTRGI[69] INTCSIHOIR2 CSIHO CS2 receive status interrupt
DTSTRGI[70] INTCSIHOIC2 CSIHO CS2 communication status interrupt
DTSTRGI[71] INTCSIHOIJC CSIHO0 JOB completion interrupt
DTSTRG[72] INTCSIH1IR0S CSIH1 receive status/

CSO receive status interrupt
DTSTRGI[73] INTCSIH1IC0S CSIH1 communication status/

CS0 communication status interrupt
DTSTRGI[74] INTCSIH1IR1 CSIH1 CS1 receive status interrupt
DTSTRGI[75] INTCSIH1IC1 CSIH1 CS1 communication status interrupt
DTSTRGI[76] INTCSIH1IR2 CSIH1 CS2 receive status interrupt
DTSTRGI[77] INTCSIH1IC2 CSIH1 CS2 communication status interrupt
DTSTRGI[78] INTCSIH11JC CSIH1 JOB completion interrupt
DTSTRG[79] INTCSIH2IR CSIH2 receive status
DTSTRGI80] INTCSIH2IC CSIH2 communication status
DTSTRGI[81] INTCSIH21JC CSIH2 JOB completion interrupt
DTSTRGI[82] INTCSIH3IR CSIH3 receive status
DTSTRGI83] INTCSIH3IC CSIH3 communication status
DTSTRG[84] INTCSIH3IJC CSIH3 JOB completion interrupt
DTSTRGI[85] INTCSIGOIR CSIGO receive status interrupt
DTSTRGI[86] INTCSIGOIC CSIGO transmit status interrupt
DTSTRGI[87] INTSCI30RXI SCI30 receive data full
DTSTRGI[88] INTSCI30TXI SCI30 communication data empty
DTSTRGI[89] INTSCI31RXI SCI31 receive data full
DTSTRGI[90] INTSCI31TXI SCI31 communication data empty
DTSTRG[91] INTSCI32RXI SCI32 receive data full
DTSTRG[92] INTSCI32TXI SCI32 communication data empty
DTSTRG[93] INTADCGOMPX ADCGO MPX interrupt request
DTSTRG[94] INTADCG1MPX ADCG1 MPX interrupt request
DTSTRG[95] INTRLIN30OUR1 RLIN30 receive completion interrupt
DTSTRGI[96] INTRLIN30URO RLIN30 transmit interrupt
DTSTRG[97] INTRLIN31UR1 RLIN31 receive completion interrupt
DTSTRGI98] INTRLIN31URO RLIN31 transmit interrupt
DTSTRG[99] INTTSG30I11 TSG30 compare match interrupt 11
DTSTRGJ[100] INTTSG30I12 TSG30 compare match interrupt12
DTSTRG[101] INTTSG30IPEK TSG30 peak interrupt
DTSTRG[102] INTTSG30IVLY TSG30 valley interrupt
DTSTRG[103] INTTSG31I11 TSG31 compare match interrupt 11
DTSTRG[104] INTTSG31112 TSG31 compare match interrupt 12
DTSTRG[105] INTTSG31IPEK TSG31 peak interrupt
DTSTRG[106] INTTSG31IVLY TSG31 valley interrupt
DTSTRG[107] INTENCAOIO ENCAO match/capture interrupt O
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Table 7.6 List of DTS Trigger Sources (4/4)
Channel Interrupt Name DTS Trigger Source
DTSTRG[108] INTENCAOI1 ENCAO match/capture interrupt 1
DTSTRG[109] INTENCALIO ENCAL match/capture interrupt 0
DTSTRG[110] INTENCALI1 ENCA1 match/capture interrupt 1
DTSTRGJ[111] INTTPBAOIPRD TPBAO Period match detection interrupt
DTSTRG[112] INTTPBAOIDTY TPBAO Duty match detection interrupt
DTSTRGJ[113] INTTPBAOIPAT TPBAO Pattern count match detection interrupt

DTSTRG[114]

INTTPBALIPRD

TPBAL Period match detection interrupt

DTSTRG[115]

INTTPBALIDTY

TPBA1 Duty match detection interrupt

DTSTRG[116]

INTTPBALIPAT

TPBA1 Pattern count match detection interrupt

DTSTRG[117] INTPSI50RI PSI50 receive interrupt
DTSTRG[118] INTPSI51RI PSI51 receive interrupt
DTSTRG[119] INTSENTORI SETNO receive interrupt
DTSTRG[120] INTSENT1RI SETN1 receive interrupt
DTSTRG[121] INTSENT2RI SETNZ2 receive interrupt
DTSTRG[122] INTSENT3RI SETNS3 receive interrupt
DTSTRG[123] INTSENT4RI SETNA4 receive interrupt
DTSTRG[124] INTSENT5RI SETNS receive interrupt
DTSTRG[125] — —

DTSTRG[126] — —

DTSTRG[127] — —
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7.2 Overview

7.2.1 Overview

Direct memory access (DMA) is used to access data without going through the CPU.

DMA consists of two types of DMA transfer modules: DMAC and DTS. A DMAC includes registers
for storing transfer information, and a DTS stores transfer information in the dedicated RAM
(DTSRAM). DMA has 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 can handle 128 types of hardware DMA transfer
sources, and the DTSFSL can handle 128 types of them.

The address space that can be used for DMA transfer is a 4 GB address space represented by a 32-bit
address. For information about which resource is assigned to a particular area in the 4 GB address
space and which area is accessible from DMA, see Section 4, Address Space.

71.2.2

Term Definition

Table 7.7 shows the terms used in this section.

Table 7.7

Definition of Terms

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 circuit.

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 or 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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7.3 DMA Function

7.3.1 Basic Operation of DMA Transfer

7.3.1.1 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.

7.3.1.2 Executing a DMA Cycle

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 a read cycle for the 128-bit data is finished. A write cycle
never starts in the middle of a read cycle.

7.3.1.3 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 7.8 according to the settings for the source
address and destination address and the settings in the transfer control register such as the count
directions of source address and destination address and transfer data size.

Table 7.8 Updating the Source Address and the Destination Address

Direction of Count Transfer Data Size Address after Update

Increment 8 bit (address before update) + 0000_00014
16 bit (address before update) + 0000_0002
32 bit (address before update) + 0000_0004
64 bit (address before update) + 0000_0008
128 bit (address before update) + 0000_0010y

Decrement 8 bit (address before update) — 0000_0001y
16 bit (address before update) — 0000_0002,
32 bit (address before update) — 0000_0004y
64 bit (address before update) — 0000_0008
128 bit (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 7.8 is applied for the last transfer and the address reload transfer. For details, see 7.3.3,
Reload Function.

Transfer Count/Address Reload Count
The transfer count is decremented by one for every DMA cycle.

The address reload count is decremented by one for every DMA cycle when the reload function 2 or
block transfer 2 is used. When the reload function 2 or block transfer 2 is not used, it is not updated.

When you use the reload function, a special update rule is applied for the last transfer and the address
reload transfer. For details, see 7.3.3, Reload Function.

Other Transfer Information

Other transfer information is not updated during execution of a DMA cycle.

7.3.1.4 Last Transfer and Address Reload Transfer

The last transfer means a DMA cycle executed when the value in the transfer count register, which
shows the remaining number of transfers, is one. The last transfer differs in operation compared to
other DMA cycles as follows.

e The transfer completion flag (DCSTn.TC) is set when the last transfer is complete. (Only
applicable for a DMAC)

e The channel operation enable (DCENN.DTE) bit is cleared when the last transfer is complete.
(Only applicable for a DMAC. When the continuous transfer is disabled.)

e When the transfer completion interrupt output enable is set, a transfer completion interrupt is
output when the last transfer is complete.

e When the reload function 1 is enabled, the reload function 1 is executed at the timing of the last
transfer. For details, see 7.3.3, 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 7.3.3, Reload Function.

7.3.1.5 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 (DTTCTm.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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When the transfer count match interrupt enable (DTTCTm.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
DMA transfer request 3 3 3 3 E
DMA cycle I ] [ ] [ b | | I :
Transfer count match interrupt ,,,,,, .
Transfer completion interrupt
Transfer count [ 5 1 4 1 3 | 2 1 1 | 0 |
Transfer count compare | I3 \ . |

Notification at the completion
of the DMA cycle where “(transfer count)
= 1" (last transfer).

Notification at the completion
of the DMA cycle where “(transfer count)
= (transfer count compare)”.

Block transfer

DMA transfer request [} __Lasttransfer
DMA cycle [ I I I T I I i :
Transfer count match interrupt % ,,,,,,,, ,“
Transfer completion interrupt
Transfer count | 8 I 7 1 e 1 5 1 4 1 3 1 2 1 1 1 0 |
Transfer count compare | 5 |
Figure 7.1 Transfer Completion Interrupt and Transfer Count Match Interrupt

7.3.1.6 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, set
the values of source address register, destination address register, and transfer count register before the
DMA transfer starts to the reload source address register, reload destination address register, and reload
transfer count register respectively, and use reload function 1.

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 when a DMA transfer request is generated while the transfer count
is 0. (This corresponds to the case for a DMAC where the continuous transfer is not used.)

If the reload function 1 is used for a DTS and the value other than O is reloaded to the transfer count
when the last transfer is complete, DMA transfer can start when the next DMA transfer request is
accepted. (This corresponds to the case for a DMAC where the continuous transfer is used.)

Figure 7.2 shows an operation of continuous transfer by a DMAC.

Continuous transfer is disabledl

DMA transfer request

DMA cycle

Notification of transfer completion
Transfer count (DTCn.TRC)

Transfer completion flag (DCSTn.TC)

Channel operation enable (DCEN.DTE)

Last transfer

A new transfer request
is not accepted after the last transfer.

castial X —
O c C ]
| 1((L 1 | ]
LN [ N1 I\l\l 1 | 0 | 0 |
L 0 /] |
77
L 1 [/ |
Vi

Reload function 1 + Continuous transfer enabled I

DMA transfer request

DMA cycle

Notification of transfer completion
Transfer count (DTCn.TRC)

Transfer completion flag (DCSTn.TC)
Channel operation enable (DCEN.DTE)

Lgsrtrtrrgr]sfer Last transfer
(| (| - O |
| 111 || ] | 1( [ | | l | |
777777 [ \ =
LN 1 N1 T 1 1 N N1 ) 1 1 N | I |
J] 7 /] 7
| 0 /] 1 [/ 1/ |
[/ /]
| /é/ 1 /L |
From the reload register ~

(

A transfer request can be accepted and transfer

Channel operation is not stopped after the last transfer ->
can be started after the last transfer

Figure 7.2

Operation of Continuous Transfer by a DMAC
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7.3.2 Channel Priority Order

This subsection explains arbitration between multiple DMA channels.

7.3.2.1 DMAC Channel Arbitration
A DMAC select one channel out of eight channels with arbitration.

Acrbitration 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.

Avrbitration 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

n.
Cyce 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 19

Channel 0 DMA transfer request [_] C—
(single transfer) pyA transfer request [ 3

acceptance
Channel 1 DMA transfer request [ 1
(block transfer) DMA transfer request

acceptance :I

Channel 2 DMA transfer request [ ]

(single transfer) p\A transfer request |-
acceptance

Chan%%iﬁ?:ﬁg%% [_Channel 0 | Channel 2] Channel 1 1 Channel 0] Channel 1|

DMA cycle |read]write ] read | write | read | write | read | write | read | write | read | write |

DMACO

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 O 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.

7.3.2.2 DTS Channel Arbitration

Note 1.

If there are DMA transfer requests from multiple DTS channels, the DTSFSL arbitrates those DTS
channels. For each DTS channel, a priority can be selected from four levels using DTS channel priority
setting registers.

If there are DMA transfer request from multiple DTS channels, the arbitration is done as follows.

1. A channel with a higher priority level in the setting of DTS channel priority setting registers has a
priority.

2. If two channels have the same priority level in the setting of DTS channel priority setting
registers, a channel with a lower channel number has a priority.

The DTSFSL sends the DTS a DMA transfer request for the channel selected by arbitration. The DTS
executes DMA transfer when it accepts the DMA transfer request.

Unlike DMA transfer with a DMAC, DMA transfer with a DTS does not allow arbitration between
DTS channels in the middle of a block transfer. That means, even if a DMA transfer request with a
higher priority comes during a block transfer for a channel with a lower priority, the DMA transfer with
a higher priority does not start until the current block transfer for the channel with a lower priority is
complete*L,

Block transfer is complete 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.

Cyce 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,

channel priority 0) DMAtransa:‘ségg?aunis; — —
Channel 1 DMA transfer request | |

(block transfer,

o DMA transfer request
channel priority 3) acceptance |-
Channel 2 DMAtransferrequest [ ]
(single transfer,
channel priority 0) DMAtransafséers?aunis; —
Channel executing
DTS DMA transfer ( Channel 0 Channel 2] Channel 1 [ Channel 0]

DMA cycle |read |write | read [write | read [ write | read | write ] read | write | read [ write |

Figure 7.4 DTS Channel Arbitration

Cycle numbers shown in Figure 7.4 are for explanation purpose only. They do not indicate an actual
number of cycles necessary for executing DMA transfer.
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7.3.2.3

In Figure 7.4, DMA transfer requests for channels 0, 1 and 2 are generated at Cycle 1. The channel
priority for channels 0 and 2 is 0 and is higher than the channel priority for channel 1, which is 3. In
addition, if two channels have the same priority, the channel with the smaller channel number has a
higher priority. Consequently, the priority order for arbitration is “channel 0 > channel 2 > channel 1”,
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.

Interface Arbitration

The interface between the DMA and the System Interconnect is shown in Figure 7.5. DMACO,
DMAC1 and DTS operate independently and they can request bus transfers via the interface arbiter to
the system interconnect. As the system interconnect performs non-blocking data transfers, multiple
DMA transfers can be active coincidentally.

DMACO ¢——P
wr wr
—P —>
Interface System System
DMACH > Arbiter Interconnect Inte|yconnect
(round robin) PE— Bridge «—
rd rd
DTS —P
Figure 7.5 Interface Arbitration

Read and write busses are separated and they operate independently. In case of conflicts, the arbitration
is done in round robin. Issuing a read or write request takes one DMA clock cycle. While the issuer

waits for the response, another active unit may issue its request in the subsequent clock cycle. Note that
one DMA clock cycle may take two CPU cycles.
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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

The reload function has two types of functions: reload function 1 and reload function 2.

7.3.3 Reload Function
7.3.3.1

transfer.
7.3.3.2

Operation of Reload Function 1

When the reload function 1 is enabled, actions described in Table 7.9 are executed at the timing of the
last transfer according to the reload function 1 setting.

Table 7.9

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 |[f 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 7.6 shows an operation of the reload function 1.

Single transfer + Reload function 1 I

DMA cycle L

DMA transfer request =3

Last transfer

Notification of
transfer completion

Transfer count [ N N-1 \ 1 | M | M-1 |
Source address | 1004 1041 / 13Cu | 2004 I 204s 1]
Destination address [ 3004 30451 //1 33CH 1 400y | 4045 |

Reload registers

Reload transfer count

Reload source address

Reload destination address

Reload registers are copied
at the last transfer.

)

M |

2004 |

4004 |

Figure 7.6

7.3.3.3

When the reload function 2 is enabled, actions described in Table 7.10 are executed at the timing of

Operation of Reload Function 1

Reload Function 2

the address reload transfer according to the reload function 2 setting.

Table 7.10

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 7.7 shows an operation of the reload function 2.

Single transfer + Reload function 2 I

77777 Address reload transfer Last transfer

Address reload transfer

DMA transfer request ~ [] [} D [} | D d D

DMA cycle
Notification D
of transfer completon ~ Ceeeet et e :
Transfer count L 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 0 |
Source address L_100s 1 1045 | 108 1 q00u I 104y | 108s | 1004 I 1044 | 108s |
Destination address 7300, ] 3045 ] 308+ | 300s ] 304n ] 308: 3000 ] 304x ] 308: ]
Address reload count [ 3 1 2 | 1 1 8 | 2 | 1 1 3 1 2 | 1 |
4
I
Reload registers \\ ,'
/!
Reload source address L 1004 |
Reload destination address L 300k |
Reload address reload count 3 1

The values to be reloaded are set in

Not reloaded if the
counter is not 0.

address reload

Reloaded at the transfer where
the reload registers beforehand. the address reload counter is 0.

Figure 7.7

Operation of Reload Function 2

Figure 7.8 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 I
Address reload transfer Address reload transfer Last transfer
DMA transfer request  [] [} D [} (| D [} D :
DMA cycle [ s [ [ s [ s [y v s
Notification : : : : : D
of transfer completon ~ Cee-et o teeeet e :
Transfer count L 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 8 |
Source address L7100+ [ 104s | 108+ | 100+ J 104s | 108+ | 100 | 104+ | 1004 |
Destination address
L3004 | 304s | 308 | 300s | 3040 | 308: | 300s | 304s | 3004 |
Address reload count TG T s T 5 T 1 T-s 1 7 T3]
Reload registers 7# Reload Function 2 /“(Reload Function 2 )/ ‘{ Reload Function 1
Reload transfer count | 8 |
Reload source address | 1001 |
Reload destination address [ 3000 |
Reload address reload count | 3 |

Figure 7.8

the Reload Function 2

Operation when Combining the Reload Function 1 and
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7.3.3.4 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.

7.3.3.5 Timing of Setting DTS Reload Registers

It should be noted that the right timing of setting up the reload source address information, reload
destination address information, and reload transfer count information differs depending on the transfer
mode.

In the single transfer mode, the T 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 T1 must be set up before the beginning of the last transfer or
address reload transfer.

During block transfer, Tl is fetched only at the beginning of DMA transfer. The T 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 T1 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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7.3.4 Chain Function

7.3.4.1 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.

¢ Chain at the last transfer: A chain request is generated at the completion of the last transfer.

Figure 7.9 shows an operation of the case “always chain”.

Always chain

First channel in the chain (single transfer,
DMA transfer request (|
2l

Last transfer

=B
DMA cycle

Notification
of transfer completion

Transfer count |

Y

Second channel in the chain (single 1rCnsfer)

DMA transfer request h

DMA cycle
Notification
of transfer completion

= =
S

st transfer

Third channel in the chain (block transfer + reloagfunction 1)

Transfer count L 3 ) 2 X
1

Notification
of transfer completion D D

DMA transfer request h
DMA cycle |

Transfer count L 3 12111 03 1 2111

03

121 11 031

Figure 7.9 Operation of the Case “Always Chain”
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Figure 7.10 shows an operation of the case “chain at the last transfer”.

Chain at the last transfer I

First channel in the chain (block transfer + reload function 1)

Last transfer Last transfer Last transfer

DMA transfer request D [ N : . D ! .

DMA cycle ‘ ‘ I — —
Notification : f : f : ‘

of transfer completion D
Transfer count [ 3 21T 11 0-3 12117 0-3 1 21 11 03 |
Second channel in the chain (single transfer) Last transfer

DMA transfer request

DMA cycle D i [

Notification

of transfer completion Nt
i

Transfer count | 2 1 1

Third channel in the chain (block transfer;

Last transfer
DMA transfer request ! 5

DMA cyce o s
Notification ‘

of transfer completion KO D
Transfer count [ 4 1 31201 11 0 1

Figure 7.10  Operation of the Case “Chain at the Last Transfer”

7.3.4.2  Setting Up the Chain Function

For a DMAC, you need to write to the chain enable (DTCTn.CHNE) and the next channel in the chain
selection (DTCTn.CHNSEL) in the DMAC transfer control register in order to set up the type of chain
function and the next channel number in the chain.

For a DTS, you need to write to the chain enable (DTTCTm.CHNE) and the next channel in the chain
selection (DTTCTm.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.

7.3.4.3 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 that is set up
to use the hardware DMA transfer request for the next channel in the chain, the chain function does not
work.

A channel and its next channel in the chain must belong to the same module (DMACO, DMAC1, and
DTS). You cannot specify a channel in another module for its next channel in the chain.
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7.3.5 DMAC Operation

7.3.5.1 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.

7.3.5.2 Generating and Accepting a Hardware DMA Transfer Request

1)

DMAC can handle an edge-detection type of hardware DMA transfer source.

Edge-detection type

In case of using edge-detection type, DTFR detects a rising edge of hardware DMA transfer source
input and keeps it as a hardware DMA transfer request. DTFR also notifies DMAC of the existence of
hardware DMA transfer request. When DTFR receives acknowledgement of hardware DMA transfer
request from DMAC, DTFR clears hardware DMA transfer request.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

DMACTRGIK 3
[k ? +="F——— ignore and

edge detect set overflow flag

pva [ DTFRRQn.DRQ DRQ cleared
internal sig. DMAAKn by DMAAKn
/™

DMA cycle exec. ——]

Block transfer mode 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 19

DMACTRGIK 4
(K] et ignore
edge detect
DMA DTFRRQn.DRQ | DRQ cleared
internal sig. DMAAKR by DMAAKn
DMA cycle exec. [ 1 | 2 ] [3(asttransfer) |

k =0 to 127 (Hardware transfer source)
n =0to 15 (DMAC channel)

Figure 7.11  Operation of Hardware DMA Transfer Request by DMAC (Edge-detection
Type)

In case of edge-detection type, DTFR can keep one hardware DMA transfer request per channel. If
DTFR keeps a hardware DMA transfer request for a channel and additional rising edge of hardware
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DMA transfer source is inputted for the same channel, DTFR set the hardware DMA transfer request
overflow flag of corresponding channel.

(2) The Timing of Hardware DMA Transfer Acknowledgement Notification

CAUTION

Caution about the operation of DTFR hardware DMA transfer source selection enable
bit during block transfer.

Be careful about the following operation when DMAC is used both with hardware DMA
transfer request and with block transfer (1 or 2) mode.

If DTFR hardware DMA transfer source selection enable bit is set to disable
(DTFRN.REQEN = 0) by software while DMAC is executing block transfer, the ongoing
block transfer is suspended.

When DMAC is used both with hardware DMA transfer request and with block transfer
(1 or 2) mode, it is recommended not to modify DTFR hardware DMA transfer source
selection enable bit (DTFRN.REQEN) by software while DMAC is executing block
transfer. It is also recommended to use DTCT.MLE bit to control the acknowledgement
of succeeding hardware DMA transfer requests.

DTFR hardware DMA transfer request bit (DTFRRQN.DRQ) is kept set during block transfer and is
cleared at the start of last transfer.(see the bottom figure of Figure 7.12). If DTFR hardware DMA
transfer source selection enable bit is set to disable (DTFRn.REQEN = 0) by software while DMAC is
executing block transfer, the hardware DMA transfer request is going to be masked and as a result
DMAC cannot recognize the existence of hardware DMA transfer request.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

DTFR
DR { DMACTRGIK]
edge detect
| Jay

OTER DTFRRQn.DRQ [I \] |
reg
DTFRn.REQEN | set I/ clear ]

DTFRRQN.DRQ If REQEN bit is cleared by user
= DMARQ]n] program, DMARQ is masked

DMAC { DMARQ[n] [ ] i
in/out DMAAKN

DMA cycle exec. 1 1 1 2 | 1 3Tasttransfer) 1

During block transfer, DMAC (DTFR)
keeps DRQ = DMARQ = High

Remaining DMA cycle of block transfer
is suspended because of DMARQ = 0

DTFRRQN.DRQ: Hardware DMA transfer request status (1: exist, 0: non-exist)
DTFRn.REQEN: Hardware DMA transfer source select enable bit (1: enable, 0: disable)

Figure 7.12  Caution about the Operation of DTFR Hardware DMA Transfer Source
Selection Enable Bit during Block Transfer

This caution does not apply to the following situations.
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e The case that DMAC is used both with hardware DMA transfer request and with single transfer.
e The case that DMAC is used with software DMA transfer request.

e The case that DTS is used.

7.3.5.3 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 the single transfer mode, the software DMA transfer request flag is cleared whenever the
software DMA transfer request is accepted.
¢ In the block transfer 1 mode, the software DMA transfer request flag is cleared when the last
transfer starts.
o In the block transfer 2 mode, the software DMA transfer request flag is cleared when the last
transfer or address reload transfer starts.
The software DMA transfer request flag can also be cleared by software using the DMAC transfer
status clear register (DCSTCn). When you abort a DMA transfer of a DMAC channel, you must clear
the software DMA transfer request flag.
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7.3.5.4

Execution of DMA transfer

The DMAC block executes the DMA transfer of the accepted channel. DMAC arbitration is done,

when two or more channels request transfers at the same time.

Figure 7.13 shows one example of the DMAC transfer timing in single transfer mode, starting with a

transfer count of 2.

Single transfer mode 1

2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 19 20 21 22 23

ooy

DMACTRGIK]
INTDMA[n]
DMAERR -
DTFRRQN.DRQ
DSAN.SA 10001 X_ 1004+ X_1008H
DDAN.DA 30001 X_3004H X_3008H
DTCn.TRC 2 X X0
DCSTn.TC
CYCRQ << <<
Iljternal CYCAK SS SS
signals | cyGEND >> >>
WRBRDY 28 22
7 7
DMA cycle DMA cycle
Figure 7.13  Example of DMA Transfer Timing in Single Transfer Mode
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Figure 7.14 shows an example of the DMAC transfer timing in block transfer mode, starting with a

transfer count of 2.

Block transfer mode 1.2

DMACTRGIK]

INTDMA[n]

3 4 5 6 7

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

muuuuyuyuyyrryrryuyyyy L

DMAERR

DTFRRQn.DRQ

DSANn.SA 1000+ X_1004+ X_ 1008+
DDAN.DA 3000H X_3004H X_3008H
DTCn.TRC 2 X X0
DCSTn.TC
CYCRQ << <<
Internal CYCAK SS SS
signals | cyceND >> >>
WRBRDY 22 22
7 7
DMA cycle DMA cycle
Figure 7.14  Example of DMA Transfer Timing in Block Transfer Mode
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Figure 7.15 shows the timing, in which the source address register, the destination address register,

the transfer count register and the transfer completion flag are updated.

Single transfer mode

DMACTRGIK]
INTDMA[N]
DMAERR
DTFRRQn.DRQ
DTCn.TRC
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DDAn
DRTCn.TRC
DRSAN
DRDAnN
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CYCAK
CYCEND

Internal
signals

WRBRDY

1 2

3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 19 20 21 22

Mmooy gy

1
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2000
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-4000H

A
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v

Figure 7.15

Example of DMA Transfer Timing with Reload Function 1
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7.3.6 DTS Operation

7.3.6.1 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.

7.3.6.2 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 (DTFSLmM.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
(DTFSTm.DRQ) of the DTSFSL transfer request status register using the DTSFSL transfer request set
register (DTFSSm).

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, DTSFSL sets request overflow flag of corresponding channel.

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
(DTFSCm). 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.

7.3.6.3 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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Figure 7.16 shows an example of a single DTS transfer. Note that the drawing shows also internal
states, which are not reflected in registers. The DTS transfer is accepted in cycle 5 (ACK status), which
causes fetching the transfer information (T1) in cycles 6 to 14 (TIFETCH status). The DMA cycle is
executed in cycles 15 to 23 (TRANSFER status) and the T1 information is written back in cycles 24 to
28 (TIWRITE status). The interval cycle is asserted in cycle 29 (FIN status). The state changes to idle
(IDLE state) and the DTS waits for the next DMA request. This picture is an example and the clock
cycles of each phase may differ from the depicted flow.

1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
ooy douryrgyyyoduuua Uy
DTSTRG[K]
INTDTSTCO-3
DMAERR o
DTFSTm.DRQ
Internal signals
DTSRQ
DTSAK
STATE IDLE XECRX_TIFETCH X_TRANSFER X_TIWRITE IDLE
TRC X1 X0
SA X__T000% X004
DA X_3000% X 3004
CYCRQ <
CYCAK <<
CYCEND gg
WRBRDY ;;

Figure 7.16 DTS Single Transfer Timing

Figure 7.17 shows an example of a DTS block transfer. The DTS transfer is accepted in cycle 5 (ACK
status), which causes fetching the transfer information (T1) in cycles 6 to 10 (TIFETCH status). Three
transfers are executed in cycles 11 to 25 (TRANSFER status) and the TI information is written back in
cycles 26 to 30 (TIWRITE status). The interval cycle is asserted in cycle 31 (FIN status). In cycle 32,

the state changes to idle (IDLE state) and the next DMA transfer can be executed.

1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
Mooy o e e e

DTSTRG[K]

INTDTSTCO-3
DMAERR p,
DTFSTm.DRQ

Internal signals
DTSRQ
DTSAK
STATE DLE YACRX_TIFETCH X_TRANSFER X_TIWRITE DLE
TRC = - i W0

) ) )

< SA ( 10004 K 1004n X 1008+ X 100CH

DA W 3000+ ¥ 3004n X/ 3008x \; 300CH
g S )
CYCRQ << <<
CYCAK SS SS
g g ¢ g
Figure 7.17 DTS Block Transfer Timing
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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 T| 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 T1 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.

Table 7.11 Number of Tl Fetch Cycles when not using the Chain Function

Reload Reload Address Reload
Transfer Mode Function 1 Function 2 Transfer Count Count Tl Fetch Cycles
Single transfer disabled enabled — 1 12 cycles

enabled disabled 1 —

enabled >1 1
1 J—

Block transfer 1 disabled enabled — Not zero

enabled — — —
Block transfer 2 disabled enabled — Not zero

enabled — — —
All other transfers 9 cycles

Execution Time of DTS Transfers

As shown in Figure 7.16, a DTS cycle is triggered by the DTSTRG signal, sampled with the rising
edge of phase 3. The DTS cycle (CYCRQ) starts after T fetch is completed. The DMAC needs two
more clock cycles to issue a read and write request. The complete DTS cycle is completed after Tl
write back is done. TI fetch takes 9 DMA clock cycles, TI write back takes 5 DMA clock cycles.

Another two DMA clock cycles are needed to switch from write to read between the individual
transfers.

In case of DTS block transfer of five words, when the DMA clock is m times slower than CPU clock,
the total transfer time tfr_clk for reading and writing the data by DTS is therefore:

tfr_clk [CPU clock cycle]= (m x 9) + (m x 2) + 4 x (read latency + (m x 2) + write latency + (m x 2))
+ read latency + (m x 2) + write latency + (m x 1) + (m x 5)

Note that the setup time for the DTS transfer (phase 3) is not considered in this example.

Note that the number of read and write latency is dependent on bus contention.

RO1UHO0585EJ0120 Rev.1.20 RENESAS Page 330 of 3121

Mar 23, 2018



RH850/P1M-E

Section 7 DMA

Temporarily Suspending DMA Transfers

DMA transfers can be temporarily suspended by disabling individual channels or the whole DMA
controller. All DMA transfers are suspended, by setting the DMACTL.DMASPD bit. Setting the
DTSCTL1.DTSUST bit suspends DTS transfers. Each DMAC and DTS channel can hold one DMA
request during executing DMA cycle, even if transfers are suspended or if the respective channel is
disabled. Any additional transfer request is lost if a channel has already held a DMA request. Lost
transfers due to such overflows are reported by the DTFRRQn.OVF and DTFSTm.OVF flags, again
also during suspend and disable states.

Suspension, Restart and Abortion of a DMA Channel

DMA transfers for individual channels can be suspended by clearing the DCENN.DTE bit of that
channel. A DMA cycle, which is ongoing while DTE is cleared, will be finished. DMA transfers
resume, when DTE is set. As one DMA transfer request is stored during suspension, it is recommended
to clear the hardware DMA transfer request in the DTFR in the case of a hardware DMA transfer
request, the software DMA request flag DCSTn.SR by writing the register flag clear command into
DCSTCn.SRC in the case of a software DMA transfer request, if the DMA transfer shall be entirely
stopped.

Figure 7.18 shows an example of suspending, restarting and aborting DMA transfers. Both channels 0
and 1 execute block transfers. Channel 1 begins its transfer at t1 and is interrupted by the higher
priority channel 0 at t2. The channel O transfers end at t3 and channel 1 resumes its transfer, which ends
at t4. At t5, channel 1 starts the next block transfer, which is again interrupted at t6 due to the higher
priority of channel 0. At t7, channel 0 is suspended and therefore channel 1 can finish its block transfer
at t8. At t9, channel 0 has been restarted and it resumes its block transfer until it is again suspended at
t10. At t11, the DMA channel 0 is stopped and the ongoing block transfer is aborted. Therefore, no
further transfer is started at t12.

1 t2 t3 t4 t5 t6 t7 t8 9 t10 11 12
DMA transfer request : . : : : :
Higher &1 annel 0 D D
priority i i i i . d
Channel 1 [ : : | :
DMA transfer : :
High_er Channel 0 | i I 7" - I
priority ' ' . ———— -
. . Last transfer : : : Transfer abort
Channel 1 1 I 1 [ T 1 : '
f f JAN : f A
Last transfer Last transfer
Channel 0: : : : . . : : L : . :
Operating L - - O‘Deratina‘ - - I Md IOpeml Susggnded E‘ peraiing|
or Suspended ' ' ' ' ' . ' . . H .

Figure 7.18  Example of Suspension, Resume, and Transfer Abort of a DMAC
Channel
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7.4.2 Suspension, Resume, and Transfer Abort of a DTS

You can suspend the DMA transfer executed by a DTS by setting the DTS suspend bit
(DTSCTL1.DTSUST) in the DTS control register 1. 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 T1 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.

If you want to abort the currently ongoing DMA transfer executed by a DTS, 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 T1 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,
clear the DTS suspend bit.

Figure 7.19 shows an example of suspension, resume, and transfer abort of a DTS.

In Figure 7.19, channels 0, 1, and 2 are executing block transfer. At t1, a DMA transfer request for
channel 1 is accepted and DMA transfer starts. At t2, DMA transfer requests for channels 0 and 2 are
generated. At t3, 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 O starts because channel
0 has a higher priority than channel 2. At t4, the last transfer of channel 0 is complete, and DMA
transfer of channel 2 starts. At t5, the DTS is put into the suspended state, and the DMA transfer of
channel 2 is suspended. At t6, DMA transfer requests for channels 0 and 1 are generated. At t7, 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 t8, 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. Att9, the DTS is
put into the suspended state, and at t10, the suspended DMA transfer of channel 0 is aborted. When the
suspended state of the DTS 0 is cleared at t11, 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 t2 t3 t4 t5 t6 7 t8 t9 t10 1 t12
DMA transfer request . H .
Higher : : : : :
priority  Channel 0 : —/ P —
Channel 1 D | - : : : ]
LR — L A
DMA transfer by the DTS | 7 | 0 | 2 | __'_'_2_'_'_'_'_"| Z | 0 | (_)'_'_'f | 1 |
Last transfer I.;asttrénsfer . Lasttraﬁsfer Transfer:abort Last transfer
DTS: Operating : : [¢) eratm‘ : ‘ SusEended ‘ O] erat;ng |‘ Susgénded |‘ Operating |‘
or Suspended : R : I : I Rt : : :

Figure 7.19  Example of Suspension, Resume, and Transfer Abort of a DTS
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7.4.3

7.4.4

7.4.5

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.

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.

Be careful that if DTFR hardware DMA transfer source selection enable bit is set to disable
(DTFRNn.REQEN = 0) by software while DMAC is executing block transfer, the ongoing block transfer
is suspended. (refer to 7.3.5.2, Generating and Accepting a Hardware DMA Transfer
Request)

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 (DTFSLmM.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
(DTFSCm.DRQC) bit in the DTSFSL transfer request clear register.

Regardless of the state of the DTS and the transfer request enable bit (DTFSLm.REQEN) of the
DTSFSL, the DTSFSL always monitors the hardware transfer source input from outside, 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.

List of Suspend, Resume, and Transfer Abort Functions

Table 7.12 List of Suspend, Resume, and Transfer Abort Functions

Function

Master that can
execute the function
(See 7.6, Reliability
Function.)

How to execute the
function

Possibility of DMA

Operation transfer abort

DMA suspension and
resume by software

control

All channels are in the Not possible*!

suspended state.

Setting and clearing the Special master

DMACCTL.DMASPD.

Suspension and resume
of a DMAC channel

Clearing and setting the
DCENN.DTE in each
channel register.*2

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
of aDTS

Setting and clearing the
DTSCTL1.DTSUST.

DMA transfer of a DTS is
suspended.

Possible (by setting the
DTSCTL2.DTSTIT
during suspension)

Special master

Note 1.

Note 2.

In order to abort DMA transfer, you need to either abort transfer for the DMAC channel or abort transfer for

the DTS.

In case that the continuous transfer enable bit (DTCTn.MLE) is set, please clear (or set) the continuous
transfer enable bit (DTCTn.MLE) first.
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7.5 Error Control

7.5.1 Type of Error
DMA can generate the following two types of errors.

¢ DMA Transfer Error
This error is generated when error is detected in the read cycle or write cycle in a DMA cycle or
when error is detected by checking ECC at read 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.

75.2 DMA Transfer Error

7.5.2.1 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 is set. The DMAC error register
(DMACER) shows the transfer error flags of all 16 DMAC channels.

In a channel where the transfer error flag 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.

7.5.2.2 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 T1 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 (DTTCTm.ESE) is set, the remaining DMA cycles in the block transfer are not executed,
but a Tl 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 (DTTCTm.ESE) is
cleared, the block transfer continues regardless of the DMA transfer error.

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.
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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 Tl is updated by a TI write back.

If the DTS error flag in the DTS error register is set, a TI 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
(DTTCTm.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 (DTTCTm.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.

7.5.3 DTSRAM Error

There are two types of DTSRAM errors detected in the DTSRAM read access: ECC 1-bit error and
ECC 2-bit error.

If an ECC 1-bit error is detected during a T1 fetch, error corrected data is used, and DMA transfer
continues. If an ECC 1-bit error is detected during DTS channel register access from software, error
corrected data is returned as read data. In either case, the DTSRAM SEC 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 DTSRAM SEC error address (DTSER2.RAMSEDAD).

In addition, the error is notified to the ECM according to DTSRAM error notification control register
(DTRERINT.SEDIE).

If an ECC 2-bit error is detected during a Tl fetch, handling of the DMA transfer request is terminated
without executing a DMA cycle and TI write back. If an ECC 2-bit error is detected during DTS
channel register access from software, peripheral bus error is notified. In either case, the DTSRAM
DED error flag (DTSER2.RAMDED) in the DTS error register 2 is set, and the address of the error
location in the DTSRAM is stored to the DTSRAM DED error address (DTSER2.RAMDEDAD).

In addition, the error is notified to the ECM according to DTSRAM error notification control register
(DTRERINT.DEDIE).

7.5.3.1 DTSRAM ECC Test

The proper generation of the error correction code of the DTS RAM can be tested with the following
algorithm:

1. Make sure that the RAM location to be tested is not modified by any ongoing DTS transfer.
It is recommended to disable DTS entirely.

2. Write 0x4000_0002 to DTSRAM Test Control Register (DOTRTSCTL).
Enable ECC Test Mode, encode ECC from write data.

Write data to any DTSRAM location.
Read data from the same DTSRAM location.
Check ECC data in DTSRAM Test Reading Data Register (DTRTRDAT).

o o ~ w

Restore DTS activity as required.
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7.5.3.2 Stimulation of DTSRAM ECC Error

DTSRAM ECC errors can be stimulated to test the proper operation of the error control module. The
following algorithm can be used to stimulate such an ECC error:

1. Make sure that the RAM location to be tested is not modified by any ongoing DTS transfer.
It is recommended to disable DTS entirely.

2. Write 0x4000_0003 to DTSRAM Test Control Register (DTRTSCTL).
Enable ECC Test Mode, write ECC from DTRTWDAT.TWDAT[6:0].

3. Write good or faulty ECC into DTRTWDAT.TWDATI[6:0].
4. Write data to any DTSRAM location.

5. Read data from the same DTSRAM location.
good ECC should not generate an ECC error.
faulty ECC should generate an ECC error.

6. Restore DTS activity as required.
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7.6  Reliability Function

7.6.1 Overview

In this product, DMA is a resource used by multiple masters (PE). In order for DMA to support multi-
core configuration, the following reliability functions are offered.

o Register access protection function

e Master information inherit function

7.6.2 Register Access Protection Function

This product is designed to assign each DMA channel to a CPU1 (PE).

The register access protection function allows access to the transfer information of each DMA channel
from the master (PE) assigned to the channel but prohibits access from other masters.

The register access protection function prevent the channel settings from being updated by masters
other than the one assigned to the channel. Please note that any master can always read all registers and
that the DMAC/DTS controller cannot read or write its own registers.

7.6.2.1 Identifying the Accessing Master

DMA identifies a master based on the ID of the accessing CPU (PEID), the system protection ID
configured by the accessing CPU (SPID), and the state of PSW.UM.

7.6.2.2 Special Master Access

DMA treats access from the CPU1 supervisor mode as special master access.

7.6.2.3 General Master Access

In master access, access to the following registers is allowed.

e Channel registers of the channels assigned by the channel assignment. (For details, see 7.6.2.4,
Channel Assignment.)

In general master access, write access to registers other than the above is not allowed.

7.6.2.4  Channel Assignment

To each channel, DMA can assign a master (PE) so that the master is allowed to use the channel.
Channel assignment is configured in the channel master setting register (DMxCM (x = 00 to 07, 10 to
17) in the case of a DMAC and DTSmCM in the case of a DTS) by the CPU in the supervisor mode.

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 write accessed by a master
other than the master assigned to the channel, the access is called illegal access. For information about
illegal access, see 7.6.2.5, lllegal Access.
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7.6.25 lllegal Access
DMA handles the following access as illegal access.
(a) General master write access to the global registers

(b) General master write 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),
o \Write access is ignored.
Only for the case (b),
o The information about the illegal access is stored in a register access protection violation register.

e The DMACO0, DMAC1, and DTS have their own register access protection violation registers
(DMOCMV, DM1CMYV, and DTSCMYV respectively).

o DMA assert illegal access notification to ECM.

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 or checking DMA illegal access error of ECM.

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.
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7.6.3 Master Information Inherit Function

In this product, DMA access inherits master information that is equivalent to the master information of
the master assigned to the DMA channel.

The master information that is output from DMA is as in Table 7.13.

Table 7.13 Master Information That Is Output from DMA

Meaning Value that is output from DMA

UM UM bit value in the channel master setting register

SPID*! Same as the SPID bit value in the channel master setting register as long as it is
between 2 and 31.

PEID Fixed to 4

Note 1. In case that register value is 0 or 1, DMA outputs 2 instead of register value.

7.6.4 Other Reliability Functions

7.6.4.1 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 the same for both 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 either PEID or UM, a chain
request is not sent.
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7.7  Setting Up DMA Transfer

7.7.1 Overview of Setting Up DMA
Table 7.14 Channel Assignment
Master that
configures
No. the setting Description Register Necessity of the setting
1 Special master Overall DMA DTSPRO to DTS channel priority s