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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 of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you
or third parties arising from the use of these circuits, software, or information.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics does not assume any liability for infringement of 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. No
license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of
Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.
Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from such alteration,
modification, copy or otherwise misappropriation of Renesas Electronics product.

Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The
recommended applications for each Renesas Electronics product depends on the product’s quality grade, as indicated below.

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

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems, surgical implantations etc.), or may cause serious property
damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas
Electronics product before using it in a particular application. You may not use any Renesas Electronics product for any
application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses incurred
by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas
Electronics.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas
Electronics product, 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, please evaluate the safety of the final products or systems manufactured by
you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility
of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable laws and
regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive.
Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with applicable laws
and regulations.

Renesas Electronics products and technology may 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 should not use
Renesas Electronics products or technology described in this document for any purpose relating to military applications or use
by the military, including but not limited to the development of weapons of mass destruction. When exporting the Renesas
Electronics products or technology described in this document, you should comply with the applicable export control laws and
regulations and follow the procedures required by such laws and regulations.

It is the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise
places the product with a third party, to notify such third party in advance of the contents and conditions set forth in this
document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of
unauthorized use of Renesas Electronics products.

This document may not be 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, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

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

(2012.4)




(1) Voltage
application
wafeform at input
pin:

(2) Handling of
unused input pins:

(3) Precaution
against ESD:

(4) Status before
initialization:

(5) Power ON/OFF
sequence:

(6) Input of signal
during power off
state:

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 VDD 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
V850E2/PG4-L and design application systems using the following V850E2/
PG4-L microcontrollers:

This manual is intended to give users an understanding of the hardware
functions of the V850E2/PG4-L shown in the Organization below.

This manual is divided into two parts: Hardware (this manual) and Architecture
(V850E2M Architecture User’'s Manual).

| Hardware | Architecture |

Pin functions Data types

CPU function Register set

On-chip peripheral functions Instruction format and instruction set
Flash memory programming Interrupts and exceptions

Pipeline operation
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 V850E2/PG4-L.
— Read this manual according to the Contents.
To understand the details of an instruction function

— See V850E2M Architecture User’s Manual available separately.

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

V850E2/PG4-L(UPD70F4154, uPD70F4155) is a product in the V850 Series of
single-chip microcomputers from Renesas Electronics. This section gives an
overview of the VB50E2/PG4-L.

1.1 Overview

This 32-bit single-chip microcomputer is a best fit for applying high-speed
calculation in the precise control of motors and is equipped with V850E2M
CPUs from the V850 Series, ROM, RAM, a DMA controller, and various
peripheral modules including several timers such as a PWM timer, serial
interfaces such as CAN, and an A/D converter.

(1) V850E2M CPU Equipped

This product is equipped with two V850E2M CPUs: one is used as the master
CPU and the other is used as a checker CPU, which monitors the master CPU.
The two CPUs operate in lockstep.

The V850E2M CPU supports a RISC-type instruction set, and instruction
execution speeds are dramatically improved by the execution of one basic
instruction per clock cycle and an optimized 7-stage pipeline. Furthermore,
support for digital servo-control is provided by a 32-bit hardware multiplier for
the multiplication instruction, a saturation sum-of-products instruction, bit-
manipulation instructions, and so on.

In addition, the 2-byte length for instructions, instructions corresponding to
high-level languages, and other measures improve the efficiency of object
code from the C compiler, leading to smaller executable programs. The
product's quick interrupt response, including processing by the on-chip
interrupt controller, makes it suitable for advanced realtime control fields.

(2) Flash Memory and Data Flash Memory Equipped

This product has a flash memory that provides high-speed access, allowing
reprogramming of the product's memory while it is mounted on an application
system. This shortens system development periods and dramatically improves
systems for maintenance after the product is shipped.

Moreover, the product is equipped with 16 Kbytes of data-flash memory for
use, in typical examples, as a substitute for EEPROM.
(3) Products for the Development Environment

The following components of integrated development environments are ready
for use with this product: optimized C compiler, debugger, in-circuit emulator,
system performance analyzer, realtime OS, etc.

The Nexus function allows realtime debugging.

(4) Protection Function

The following functions are available to guarantee highly reliable CPU
operations: memory protection, peripheral device protection, system register
protection, and timing supervision.
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1.2

CPU core

Number of
instructions

Minimum
instruction
execution times

General purpose
registers

Instruction set

Memory space

On-chip memory

Interrupts/
exceptions

Characteristics

VB850E2M: 2 units (with lockstep operation)

One CPU core for normal operation (master CPU), and one CPU core to
monitor the first for normal operation (checker CPU)

Normal instructions: 98

Debug instructions: 3

20.83, 15.625, 12.5 ns (for internal operation at 48, 64, and 80 MHz)

32 bits x 32

V850E2v3

Signed multiplication (32 bits x 32 bits — 64 bits): 1 or 2 CPU clock cycles
Saturation calculation instruction (with overflow/underflow detection)
32-bit arithmetic/logic shift instruction: 1 CPU clock cycle

Bit-manipulation instructions

Loading/storing instructions in long/short formats

Signed load instruction

512-Mbyte address space (common for programs and data)

Flash memory: 384 Kbytes
Data flash: 16 Kbytes
RAM: 24 Kbytes

All interrupts: 131 sources

External interrupts: 10 (max.)

Internal interrupts: 110 sources (max.)
Software interrupts: 11 sources
Exceptions: 21 sources

16 levels available for use in prioritization

RO1UHO336EJ0102 Rev.1.02
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DMA controller 8-channel configuration

Transfer unit; 8, 16, 32, or 128 bits

Maximum number of transfers: 32768(21°)
Transfer type: 2-cycle transfer (dual-address transfer)
Transfer mode: single transfer/single step transfer

Target to transfer: peripheral /0 «<—— peripheral /0, RAM «— peripheral 1/O,
RAM «— RAM, peripheral 1/0 « flash, RAM <« flash,
peripheral /0O « D- flash, RAM « D- flash

Transfer requests: peripheral I/O and software

Next address setting function

I/O /O port: 46

Software pull-up function: 46

Timer function Timer array unit B (TAUB): 16 channels x 1 unit

Timer unit including 16 independent 16-bit counter channels, and a
dedicated prescaler

Timer array unit J (TAUJ): 4 channels x 1 unit

Timer unit including 4 independent 32-bit counter channels, and a dedicated
prescaler

TSG2: 1 unit
Timer unit suitable for motor control
Timer pattern buffer (TPBA): 1 unit
Timer unit suitable for duty-cycle and period settings
Encoder timer (ENCA): 1 unit
Timer unit suitable for 2-phase encoder control
OS timer (OST): 2 units

For use by the OS: 32-bit free running interval timer with timer output
function

Window watchdog timer (WDTAOQ)
— Window watchdog function: window and 75% interrupt
— Reset on error detection, or generation of FENMI/FEINT

Serial interface  Synchronous/asynchronous serial interface H (UARTH): 2 channels
(SI0) — Switching between synchronous and asynchronous settings
— Available for use as a slave in LIN communications
Clocked serial interface (CSIG): 2 channels

CAN interface: 2 channels (32 msg)

A/D converter A/D converter with 12-bit resolution:

18 channels (6 S/H channels + 12 other channels) x 1 unit

RO1UHO336EJ0102 Rev.1.02 RENESAS Page 23 of 1538
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Internal connecting
function

Forcibly stopping
output

Generating clock
signals

Baud rate generator
(BRG)

Data CRC

Safety functions

Standby function

POF/LVI function

On-chip debugger

Packages

Peripheral Interconnection (PIC): 1 unit

Interlocking operations (simultaneous starting and so on) are obtainable
through connection to timers and peripheral I/O

Timer option unit (TAPA): 2 units
Unit for controlling the Hi-Z state of pins for the TAUB and TSG2 timer

Frequency multiplication by PLL clock synthesizer

Clock output functions

Allows setting of the operating clock frequency to suit the conditions of use

Data CRC (cyclic redundancy checking) can be used to verify or generate data
streams protected by CRC with different widths in bits for various lengths

Flash memory ECC error detection
RAM ECC error detection
Oscillation stop detection

Build In Self Test (BIST) functions
Safety guardian function (SGA)
HALT mode

Facility for detecting abnormal power-supply voltages

Nexus: 1 channel

LPD(single-pin debugging): 1 channel

100-pin plastic LQFP (0.5 mm pitch) (14 x 14)
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1.3 List of Functions

Series Name V850E2/PG4-L
Product pPD70F4154 pPD70F4155
On-chip memory | Code flash 384 Kbytes 384 Kbytes
Data flash 16 Kbytes 16 Kbytes
RAM 24 Kbytes 24 Kbytes
Operating Ta: 125°C (max.) 80 MHz (max.) 80 MHz (max.)
frequency
Oscillation frequency 16 MHz 8 MHz
Baud-rate generator (BRG) 1 unit 1 unit
DMA 8 channels 8 channels
Timers Unit TSG2 1 unit 1 unit
functions - raug 1 unit 1 unit
TAUJ 1 unit 1 unit
OST 2 units 2 units
WDTA 1 unit 1 unit
ENCA 1 unit 1 unit
TPBA 1 unit 1 unit
TAPA 2 units 2 units
PIC 1 unit 1 unit
Serial interfaces Synchronous/ 2 channels 2 channels
asynchronous UARTH
CsSIG 2 channels 2 channels
CAN 2 channels 2 channels
(number of messages) | (32 msg) (32 msg)
A/D converter Resolution 12 bits 12 bits
Input channels 18 channels 18 channels
(6 SIH + (6 SIH +
12 other) 12 other)
Interrupts External 10 10
Internal 110 110
Software 11 11
I/O ports Input/output 46 46
Nexus 1 channel 1 channel
LPD (single-pin debugging) 1 channel 1 channel
Data CRC (DCRA) 2 channels 2 channels
Safety guardian (SGA) 1 channel 1 channel
Power-on flag Included Included
Low voltage detection Included Included
Self-diagnosis BIST-SKIP function Included Included
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Series Name

V850E2/PG4-L

Product uPD70F4154 uPD70F4155
Power-supply For internal use 30Vto55V 30Vto55V
voltages Internal Included Included
regulator
For interfaces 30Vto55V 3.0Vto55V
For A/D converter 42V -55V 42V -55V
For reprogramming 30Vto55V 3.0Vto55V
flash memory
Package 100 pins 100 pins
LQFP 0.5-mm LQFP 0.5-mm
pitch pitch
14 x 14 mm o 14 x 14 mm o
1.4-mm thick 1.4-mm thick
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1.4 Field of Application

» Electrical systems (motor control systems, electric automobiles, etc.)

1.5 Information for Ordering

Operating
Ambient Maximum
On-Chip | Quality Temperature | External Operating
Product Name Package ROM Standard | (Tp) Oscillator | Frequency
pPD70F4154GC(A2)-UEU-AX | 100 pin Flash Special —40 to 16 MHz 80 MHz
B ) (0.5-mm pitch) memory +125°C
uPD70F4155GC(A2)-UEU-AX (14 x 14) 1.4-mm thick 8 MHz 80 MHz

Note The products listed above are all lead free.

For details on the quality standards and fields of application, refer to the
following document issued by Renesas: NEC Semiconductor Device Quality
Standards (document reference number: C11531J). The former company
name remains in the document but it is still a valid Renesas document.
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uPD70F4154, uPD70F4155

AVDDO
AVSSO|
AVREFOP
AVREFOM
ADCAO0I7
ADCAOI8
ADCA0I9
ADCAOI10|
ADCAO0I11
ADCAO0I12
ADCA0I13
ADCAO0I14
ADCAO0I15
ADCAOI16
ADCAO0I17
ADCAO0I18
P5_0/URTHORXD/INTPO

P5_1/URTHOTXD/ADCAOTRGO/INTP3|
P5_2/INTP2/URTHOSC/ADCAOTRG1/INTP4/

P5_3/ADCAOTRGO/INTP3/URTHOCTS/ADCAOTRG2/INTP5|

VDD

VSS

EVDD

EVSS]
ERROROUT

6

5| ADCAOI
74| ADCAOI
73| ADCAOI
72| ADCAOI
71| ADCAOI
70| ADCAOI

5
4
3
2
1

68|P4_6/ADCAOCNV1/ESO2/INTPS

3

67]P4_5/ADCAOCNV2/INTP7/CSIGIRYO

66]P4_4/CSIG1SC/URTHIRTS/ESOO/INTPE/CSIGORYO

65|vDD

64|vss

61|EVSS

60|EVDD

59|EVDD

58|EVSS

57|FLMDO

56|FLMD1
53|P4_0/URTH1RXD/INTP1/FCNOTX

63|P4_3/CSIG1SO/TSG20PTSI2/ENCAOEC/OSTMOO/URTHICTS

69]P4_7/NMI/ADCAOCNVO/INTP9
62|P4_2/CSIG1SI/TSG20PTSI1I/ENCAOE1/OSTM10
55|P8_0/TAUB0O15/0STM10/TGLOUT
54|P4_1/URTH1TXD/TSG20PTSIO/ENCAOEO/FCNORX
51]P3_5/INTP2/FCN1TX

52|P3_6/FCN1RX

1.6 Pin Connection Diagram (Top View)

50|P3_4/CSIG1SC
49|P3_3/CSIG1SO/TPBOO
48|P3_2/CSIG1SI
47|P3_1/URTH1TXD

32|P1_6/TSG2006
31|P1_5/TSG2005

PO_0/ADCAOTRG2/INTP5/URTHORXD/INTPO

DCUEVTO/RESETOUT [ 16
DCUTMS/IPO_3[ 20|

PO_3/CLKOUT/URTHOCTS

P0O_2/ADCAOTRGO/INTP3/URTHOSC

P0O_1/ADCAOTRG1/INTP4/URTHOTXD

46|P3_0/URTHIRXD/INTP1
45|P2_7/TAUBOI15/TAUBOO15/TAUBOI14/TAUBOO14
44|P2_6/TAUBOI13/TAUBOO13/TAUBOI12/TAUB0O12
43|P2_5/TAUBOI11/TAUB0O11/TAUBOI10/TAUBOO10
42|P2_4/TAUBOI9/TAUBOOY/TAUBOI8/TAUBOO8/TAUB0OO14
41|P2_3/TAUBOI7/TAUBOO7/TAUBOI6/TAUBOO6/TAUBOO12
40|P2_2/TAUBOIS/TAUBOOS/TAUBOI4/TAUBOO4/TAUBOO10
39|P2_1/TAUBOI3/TAUBOO3/TAUBOI2/TAUBOO2/CSIGIRYI
38|P2_0/TAUBOIL/TAUBOO1/TAUBOIO/TAUBOOO/URTH1SC/CSIGORY!

34|P1_8/TPBOO/CSIGOSO/URTHOTXD
33|P1_7/CSIGOSI/URTHORXD/INTPO/TSG2007

30|P1_4/TAUJOI3/TAUJOO3/TSG2004
29|P1_3/TAUJOI2/TAUJ0O2/TSG2003
28|P1_2/TAUJOI1/TAUJOOL/TSG2002
27|P1_1/TAUJOIO/TAUJOOO/TSG2001
26|P1_0/NMI/CLKOUT/OSTM10/TSG2007
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Table 1-1 List of Pin Numbers and Names (1/3)

Pin
Number | Pin Name I/O
1 PO_O/ADCAOTRG2/INTP5/URTHORXD/INTPO /0
2 PO_1/ADCAOTRG1/INTP4/URTHOTXD /0
3 PO_2/ADCAOTRGO/INTP3/URTHOSC /0
4 PO_3/CLKOUT/URTHOCTS /0
5 REGCO %
6 VSS G
7 VDD Y%
8 VDD Y%
9 VSS G
10 REGC1 v
11 VSS G
12 X2 o
13 X1 !
14 OSCVSS G
15 OSCVDD Y%
16 DCUEVTO/RESETOUT o)
17 DCUTDO/JPO_1/FPDT /0
18 DCUTRDY/RESETOUT/JPO_5 110
19 DCUTCK/JPO_2/FPCK 110
20 DCUTMS/JPO_3 /0
21 DCUTDI/FPDR/LPDIO /0
22 DCUTRST |
23 RESET |
24 EVSS G
25 EVDD %
26 P1_O/NMI/CLKOUT/OSTM10/TSG2007 110
27 P1_1/TAUJOIO/TAUJOOO/TSG2001 /0
28 P1_2/TAUJOIL/TAUJOO1/TSG2002 110
29 P1_3/TAUJOI2/TAUJOO2/TSG2003 110
30 P1_4/TAUJOI3/TAUJOO3/TSG2004 /0
31 P1_5/TSG2005 /0
32 P1_6/TSG2006 /0
33 P1_7/CSIGOSI/URTHORXD/INTPO/TSG2007 /0
34 P1_8/TPB0OO/CSIGOSO/URTHOTXD /0
35 P1_9/CSIGOSC/URTHOSC /0
36 VDD %
37 VSS G
38 P2_0/TAUBOI1/TAUBOO1/TAUBOIO/TAUBOOO/URTH1SC/CSIGORYI /0
RO1UH0336EJ0102 Rev.1.02 RENESAS Page 29 of 1538
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Table 1-1 List of Pin Numbers and Names (2/3)

Pin
Number | Pin Name I/0
39 P2_1/TAUBOI3/TAUBOO3/TAUBOI2/TAUBOO2/CSIG1RYI I/O
40 P2_2/TAUBOI5/TAUBOOS5/TAUBOI4/TAUBOO4/TAUB0OO10 1’0
41 P2_3/TAUBOI7/TAUBOO7/TAUBOI6/ TAUBOO6/TAUB0O12 I/0
42 P2_4/TAUBOI9/TAUBOO9/TAUBOI8/TAUBOO8/TAUB0O14 I/0
43 P2_5/TAUBOI11/TAUBOO11/TAUBOI10/TAUB0O10 I/O
44 P2_6/TAUBOI13/TAUBOO13/TAUBOI12/TAUB0OO12 I/O
45 P2_7/TAUBOI15/TAUBOO15/TAUBOI14/TAUB0O14 1/0
46 P3_O0/URTH1RXD/INTP1 I/0
47 P3_1/URTH1TXD I/0
48 P3_2/CSIG1SI I/O
49 P3_3/CSIG1SO/TPBOO I/0
50 P3_4/CSIG1SC I/O
51 P3_5/INTP2/FCN1TX I/0
52 P3_6/FCN1RX I/0
53 P4 _O/URTH1RXD/INTP1/FCNOTX I/0
54 P4_1/URTH1TXD/TSG20PTSIO/ENCAOEO/FCNORX I/O
55 P8_0/TAUB0OO15/0STM10/TGLOUT I/O
56 FLMD1 I
57 FLMDO I
58 EVSS G
59 EVDD \Y
60 EVDD \
61 EVSS G
62 P4_2/CSIG1SI/TSG20PTSI1T/ENCAOE1/OSTM10 I/O
63 P4_3/CSIG1SO/TSG20PTSI2/ENCAOEC/OSTMOO/URTHLCTS 110
64 VSS G
65 VDD \%
66 P4_4/CSIG1SC/URTH1RTS/ESOO/INTP6/CSIGORYO 11O
67 P4_5/ADCAOCNV2/INTP7/CSIG1IRYO I/O
68 P4_6/ADCAOCNV1/ESO2/INTP8 110
69 P4_7/NMI/ADCAOCNVO/INTP9 1/0
70 ADCAOI1 I
71 ADCAOI2 I
72 ADCAOI3 I
73 ADCAO0I4 I
74 ADCAO0I5 I
75 ADCAO0I6 I
76 AVDDO \%
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Table 1-1 List of Pin Numbers and Names (3/3)

Pin

Number | Pin Name 110
77 AVSSO G
78 AVREFOP I
79 AVREFOM I
80 ADCAOI7 I
81 ADCAO0I8 I
82 ADCAOI9 I
83 ADCAO0I10 I
84 ADCAOI11 I
85 ADCAO0I12 I
86 ADCAO0I13 I
87 ADCAO0I14 I
88 ADCAO0I15 I
89 ADCAO0I16 I
90 ADCAOI17 I
91 ADCAO0I18 I
92 P5_0/URTHORXD/INTPO I/0
93 P5_1/URTHOTXD/ADCAOTRGO/INTP3 110
94 P5_2/INTP2/URTHOSC/ADCAOTRG1/INTP4 110
95 P5_3/ADCAOTRGO/INTP3/URTHOCTS/ADCAOTRG2/INTP5 /0
96 VDD \%
97 VSS G
98 EVDD \
99 EVSS G
100 ERROROUT (0]
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Pin Name
ADCAOI1 - ADCAO0I18

ADCAOTRGO -
ADCAOTRG2

ADCAOCNVO -
ADCAOCNV2

AVDDO

AVREFOP
AVREFOM

AVSSO0

CLKOUT
CPUPLLVDD
CPUPLLVSS
CSIGOSC, CSIG1SC
CSIGOSI, CSIG1SI
CSIG0SO, CSIG1SO

CSIGORYI,
CSIG1RYI

CSIGORYO,
CSIG1RYO

DCUEVTO
DCUTCK
DCUTDI
DCUTDO
DCUTMS
DCUTRDY
DCUTRST

ENCAOEQ,
ENCAOE1

ENCAOEC
ERROROUT
ESOO0, ESO2

EVDD

EVSS

FCNORX, FCN1RX
FCNOTX, FCN1TX
FLMDO

FLMD1

FPDR

FPCK
FPDT
INTPO - INTP9

: Analog input
: ADC trigger input

: ADC status output

: Analog power supply

: Analog reference voltage (positive)
: Analog reference voltage (minimal)
: Analog ground

: Clock output

: CPU PLL power supply

: CPU PLL ground

: Serial clock

: Serial input

: Serial output

: Serial ready/busy input signal

. Serial ready/busy output signal

: Nexus event output

: Nexus input clock

: Nexus input

: Nexus output

: Nexus mode select

: Nexus ready output

: Nexus reset input

: Timer encoder count pulse input

: Timer encoder clear input

: Error output signal

. Timer output compulsion stop input
: I/O/CODE Flash/DATA Flash Memory power supply
: I/O/CODE Flash/DATA Flash Memory ground

: Receive data for controller area network

: Transmit data for controller area network

: Flash programming mode
: Flash programming mode

: Receive or Transmit Data for Flash writing in (UART) or

Serial Input for Flash writing in (CSI)

: Serial Clock for Flash writing in (CSI)
: Serial Output for Flash writing in (CSI)
. External interrupt input
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JPO_1-JPO_3,
JPO_5

LPDIO
NMI

OSTMO00, OSTM10
OSCVDD
OSCVSS
PO_0-PO_3

P1 0-P1.9

P2 0-P2_7

P3 0-P3 6

P4 0-P4 7

P5 0-P5_3

P8_0

REGCO, REGC1
RESET

RESETOUT,
RESETOUT

TAUBOIO-TAUBOI15,
TAUJOIO-TAUJOI3

TAUBOOO-
TAUBOO15,
TAUJOOO0-TAUJOO3

TGLOUT
TPBOO
TSG2001-TSG2007

TSG20PTS10-
TSG20PTS12

URTHORXD,
URTH1RXD

URTHOTXD,
URTH1TXD

URTHOSC,
URTH1SC

URTHOCTS,
URTHICTS

URTH1RTS
VDD

VSS

X1, X2

: PortJPO (JTAG)

: 1pin debug Input/Output

: Non-maskable interrupt input

: Operation system timer output
: OSC power supply

: OSC ground

: Port 0

:Portl

: Port 2

: Port 3

: Port4

» Port5

: Port 8

: Capacitor for internal voltage regulator
: Reset input

: Reset output

: Timer input

: Timer output

: Toggle signal output

: Timer pattern buffer pulse output

: Timer pulse output
: Timer pattern input

: Receive data

: Transmit data

: UART input clock

: UART clear to send (input)

: UART request to send (output)

: Power supply for internal voltage regulator
: Ground for internal voltage regulator

: Crystal
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1.7 Configuration of Functional Blocks
Internal Block Diagram

1.71
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1.7.2 Internal Units

(1) CPU

Processing of almost all instructions is executed in a single clock cycle under
7-stage pipeline control.

The CPU includes a multiplier (16 bits x 16 bits — 32 bits, or 32 bits x 32 bits
— 64 bits) and barrel shifter (32 bits) to speed up complicated instruction
processing.

(2) DMA Controller (DMAC)

These controllers transfer data between memory and peripheral I/O. Each
module has two transfer modes: single transfer and single step transfer (DMA).

(3) ROM

The ROM consists of code flash memory and data flash memory. Memory
capacity is given in the following table.

The CPU is able to access ROM in a single clock cycle when fetching
instructions.

Table 1-2 Memory Capacity and Addresses of Code Flash and Data Flash

Data Flash Memory
Capacity
Code Flash
Product Name | Memory Capacity | Address Range
uPD70F4154 16 Kbytes 0200_0000y to 0200_3FFFy
uPD7OF41S5  Fagy Kbytes 0000_0000, to 0005_FFFFy
(4) RAM

Mappings of RAM are listed below.

Table 1-3 RAM Capacities and Address Ranges

RAM
Product Name | Capacity | Address Range

HPD70F4154 | 24 Kbytes | FEDF_AQ000, to FEDF_FFFF
HPD70F4155

(5) Interrupt Controller (INTC)

This module handles peripheral I/O and external hardware interrupt requests
(INTP9-0). These interrupts can be prioritized at 16 levels to control multiple
forms of handling for the interrupt sources.
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(6) Clock Generation

An external oscillator is connected to the X1 and X2 pins as an input clock. The
signal from the oscillator is input to the PLL1 synthesizer for frequency
multiplying (the multiple is switched by optional bytes). The PLL1 output is
supplied as the internal system clock and the frequency-divided clock is
supplied as the peripheral clock.

(7) Timer Units

Timer units include 16-bit timer array unit B (TAUB), 32-bit timer array unit J
(TAUJ), timer S (TSG2), the encoder timer (ENCA), timer pattern buffer
(TPBA), and OS timer (OST), and Window watchdog timer (WDTA) can
provide capturing and comparison, measurement of pulse intervals and
frequency, and programmable pulse output.

(8) Timer Option Units (TAPA)

These units control forcible stopping of the output from timers (TAUB, TSG2).

(9) Peripheral Interconnection (PIC)
Interlocking operation is available by connecting to a timer for simultaneous
starting or peripheral 1/0.
(10) Serial Interface (SIO)

Serial interfaces include synchronous/asynchronous interface H (UARTH),
clocked serial interface (CSIG), and CAN.

UARTH executes data transfer through the URTHNTXD and URTHNRXD pins
(n=0,1).

CSIG executes data transfer through the CSIGnSO, CSIGnSI, and CSIGhSC
pins (n =0, 1).

CAN executes data transfer through the FCNnRX and FCNnTX pins (n =0, 1).

(11) Data CRC Function

Data CRC (cyclic redundancy checking) is used to verify or generate data
streams protected by CRC with different widths in bits for various lengths.

(12) CLKOUT Function

A baud rate generator is included to allow output of desired frequencies from
the CLKOUT pin.

(13) Nexus Function

A single Nexus channel is included as a debugging interface.

(14) LPD Function

A single-pin debugging interface is included as a debugging interface.

(15) A/D Converter (ADCADO)

The high-speed and high-resolution 12-bit A/D converters have 18 analog
input pins.
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(16)

Ports

Port pins capable of operation as general-purpose port pins and as control

pins are listed below.

Port

I/0

Control Function

Port 0

Bitwise 1/O

Serial interface (UARTHO) 1/0

External interrupt (INTPO, INTP3 to INTP5) input
A/D converter (ADCAQ) input

Baud rate generator (BRGO (CLKOUT)) output

Port 1

Bitwise 1/0O

External interrupt (NMI, INTPO) input

Baud rate generator (BRGO (CLKOUT)) output
Operating system timer (OST1) output

Serial interface (CSIGO) 1/O

Serial interface (UARTHO) 1/0

Timer array unit J (TAUJO) I/O

Timer pattern buffer (TPBAO) output

TSG2 (TSG20) output

Port 2

Bitwise 1/O

Timer array unit B (TAUBO) I/O
Serial interface (CSIGO, CSIG1) I/O
Serial interface (UARTH1) I/O

Port 3

Bitwise 1/0

External interrupt (INTP1, INTP2) input
Serial interface (CSIG1) I/O

Serial interface (UARTH1) I/O

Serial interface (CAN1) I/O

Timer pattern buffer (TPBAO) output

Port 4

Bitwise 1/0

External interrupt (NMI, INTP1, INTP6 to INTP9) input
Serial interface (CANO) output

Serial interface (CSIGO, CSIG1) I/O

Serial interface (UARTH1) I/O

Encoder timer (ENCAO) input

TSG2 (TSG20) input

A/D converter (ADCAOQ) output

Timer option unit (TAPAO, TAPA2) input

Operating system timer (OSTO, OST1) output

Port 5

Bitwise 1/0

External interrupt (INTPO, INTP3 to INTP5) input
Serial interface (UARTHO) I/O
A/D converter (ADCAO) input

Port 8

Bitwise 1/O

Mode input
Timer array unit B (TAUBO) output
Operating system timer (OST1) output
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Section 2

2.1

Port groups

Table 2-1

Port groups index n

Register addresses

Port Functions

This section contains a generic description of the port control functions.

Port Functions

This product has the following numbers of port groups.

Port Groups

Port Groups

Product name

HPD70F4154
pPD70F4155

Number of port groups

7

Name

PO_0-PO_3,
P1_0-P1 9,
P2_0-P2_7,
P3_0-P3_6,
P4_0-P4_7,
P5_0-P5_3,

P8 0

Throughout this section, the individual port groups are identified by the index
“n”, for example, PMCn for the port mode control register of Pn.

All port n register addresses are given as address offsets from the individual
base addresses <PORTn_base0> and <PORTn_basel>.

The base addresses <PORTn_base0> and <PORTn_basel> are specified in

the following table.

Table 2-2 Port n Register Addresses <PORTn_base0> and <PORTn_basel>
<PORTNn_base0> Address <PORTn_basel> Address
FF40 00004 FFFF 80004
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2.2

Features summary

Overview

The microcontroller has various pins for input/output functions, known as ports.
The ports are organized in port groups.

The microcontroller also has several control registers to allocate non-general
purpose input/output functions to the pins.

For a description of the terms pin, port, and port group, see Section 2.2.1,
Terms.

* /O ports

» Multiplexed with input/output pin functions for other peripheral modules
» Able to specify input/output in bit units

» Edge detection

» Software pull-up

* Noise cancellation

221 Terms

In this section, the following terms are used.

* Pin
Denotes the physical pin. Every pin is denoted by a unique pin number.
A pin can be switched to several modes for use.
The pin function allocated to a pin depends on the selected mode.

e Port group
Denotes a group of pins. The pins of a port group have a common set of port
mode control registers.

» Port mode/Port
A pin in port mode works as a general purpose input/output pin. It is then
called “port”.
The corresponding name is Pn_m. For example, PO_1 denotes port 1 of port
group 0. It is referenced as “port PO_1".

» Alternative mode
In alternative mode, a pin can be used for in various non-general purpose
input/output functions, for example as the input/output pin of on-chip
peripherals.
The corresponding pin name depends on the selected function.
For example, pin INTPO denotes the pin for one of the external interrupt
inputs.
Note that two different names can refer to the same physical pin, for
example PO_0 and INTPO. The different names indicate the function in
which the pin is being operated.

» Port type
“Port type” is set by setting a configuration register for the given port.
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2.2.2 Pin Function Configuration

The pins can operate in three different general modes.

e Port mode (PMCn.PMCn_m = 0)
In port mode, the pin operates as a general purpose 1/O port. PMn.PMn_m
selects input or output.

» Software I/O control alternative mode (PMCn.PMCn_m =1,
PIPCn.PIPCn_m = 0)
In software I/O control alternative mode, the pin is operated by an
alternative function. The selection between input or output is done by
software via the PMn.PMn_m control bits.

 Direct I/O control alternative mode (PMCn.PMCn_m =1,
PIPCn.PIPCn_m =1)
In direct I/O control alternative mode, the pin operates for an alternative
function. In contrast to the software 1/O control alternative mode, input or
output are also controlled by the hardware for the alternative function, so
software settings are not required for this.

An overview of the register settings is given in the tables below.

Table 2-3 Pin Function Configuration (Overview)

Register

Function PMCn_m | PMn_m PIPCn_m | I/O

Port mode (Output) 0 0 X @)

Port mode (Input) 1* |

Alternative output modes 1to4 |1 0 0 @)

Alternative input modes 1 to 4 1 0 |

Direct 1/0 control X 1 Controlled by
alternative
function

Note: The input buffer must be enabled. (PIBCn.PIBCn_m = 1)
Note: X: Invalid setting

If a pin is operated in an alternative mode (PMCn.PMCn_m = 1), one out of up
to four different alternative functions can be selected by the PFCn and PFCEn
registers.

« Software I/O control alternative functions (PIPCn.PIPCn_m = 0)
— Outputs (PMn_m = 0): ALT-OUT1 to ALT-OUT4
— Inputs (PMn_m = 1): ALT-IN1 to ALT-IN4

 Direct I/O control alternative functions (PIPCn.PIPCn_m = 1)

— Input/output of ALT-OUT1 to ALT-OUT4 and ALT-IN1 to ALT-IN4 is
directly controlled by the alternative function (hardware).
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Table 2-4 Alternative Mode Selection Overview (PMCn.PMCn_m =1)

Note

Caution 1.

Caution 2.

Register
Function PIPC* | PM* PFCE PFC 1/0
Alternative output mode 1 0 0 0 0 (0]
(ALT-OUTY1)
Alternative input mode 1 1
(ALT-IN1)
Alternative output mode 2 0 0 1 (0]
(ALT-OUT2)
Alternative input mode 2 1
(ALT-IN2)
Alternative output mode 3 0 1 0 (0]
(ALT-OUT3)
Alternative input mode 3 1
(ALT-IN3)
Alternative output mode 4 0 1 1 (0]
(ALT-OUT4)
Alternative input mode 4 1
(ALT-IN4)

If PIPCn.PIPCn_m =1, the I/O direction is directly controlled by the alternative

function and PM is ignored.

Pins that have multiple functions multiplexed with a control mode (ALT-IN) and
pins allocated to multiple port pins (excluding ESO2/INTP8) are listed in the

following table.

Do not use alternative function pins simultaneously (for example,
ADCAOTRGO and INTP3). However, edges for the INTP pins are detectable as
the edges on the URTHORXD, and URTH1RXD pins, respectively, in the case
of the multiplexed pins for URTHORXD/INTPO and URTH1RXD/INTP1.

Do not use the same alternative function pin with multiple port pins (For
example, if ADCAOTRGO/INTP3 is in use, ALT _IN1 of PO_2, ALT_IN4 of P5_1,

and so on).
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Table 2-5 Pins on which a Single Control Mode and Multiple Alternate Functions

are Multiplexed

Alternative Function Pin | Port Pin Control Mode
ADCAOTRGO/INTP3 PO_2 ALT-IN1

P51 ALT-IN4

P5_3 ALT-IN2
ADCAOTRGL1/INTP4 PO_1 ALT-IN1

P5 2 ALT-IN4
ADCAOTRG2/INTP5 PO_O ALT-IN1

P5_3 ALT-IN4
ESOO/INTP6 P4 4 ALT-IN4
ESO2/INTP8 P4 6 ALT-IN4
URTHORXD/INTPO PO_0O ALT-IN4

P1_7 ALT-IN4

P50 ALT-IN3
URTH1RXD/INTP1 P3_0 ALT-IN3

P4_0 ALT-IN1
TSG20PTSIO/ENCAOEO P4 1 ALT-IN2
TSG20PTSI1/ENCAOE1 P4_2 ALT-IN2
TSG20PTSI2/ENCAOEC | P4_3 ALT-IN2
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2.2.3

Output data

Input data

Caution

Table 2-6

Pin Data Input/Output

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

The sources of the data for output and of data read via the PPRn register will
differ with the pin mode.

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

With a direct I/O control alternative function (PIPCn.PIPCn_m = 1), output is
controlled by the alternative function.

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 the pin
mode and the setting of several control bits. The table below summarizes the
different PPRn read modes.

When the PCLK signal is at or above 64 MHz, secure at least 3 cycles of the
PCLK before reading a PPR immediately after register settings are made and
the input buffers for registers connected to the ports are enabled. Also, read
the registers twice and discard the value read the first time.

PPRn_m Read Values

PMCn_m

PMn_m

PIBCn_m | PIPCn_m | Mode PPRn_m Read Value

1

0

X Port input, input buffer disabled | Pn.Pn_m register

1

Port input, input buffer enabled | Pn_m pin

X

Port output Pn.Pn_m register*1

0 Input for alternative function Pn_m pin
under software 1/O control

Output for alternative function Internal signal output for
under software 1/O control alternative function*2

1 Input and output for alternative If alternative functions sets

function under direct I/O control | portin

e input: PPRn_m=Pn_m
pin

e output: PPRn_m =
alternative function
output*1-2

Note 1.

Note 2.

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

When the PPRn_m bit is read while PMCn_m = 1 for the internal signal output
of an alternative function, the level read is not that on the Pn_m pin but the
level of the internal signal for the alternative function.

The control registers in the table above have following effects:

» PBDCn.PBDCn_m
This bit forces to read the Pn_m pin level via PPRn_m, thus enabling a
mode, where the level of pin Pn_m can also be read back if the port is
operated in output mode.
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e PMCn.PMCn_m
This bit selects port mode (PMCn_m = 0) or alternative mode
(PMCn_m =1).

* PMn.PMn_m
This bit selects input (PMn_m = 1) or output (PMn_m = 0) in port mode
(PMCn_m = 0) and software 1/O control alternative function mode
(PMCn_m =1, PIPCn_m = 0).

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

* PIPCn.PIPCn_m
This bit selects between the software I/O control alternative function mode
and direct I/O control alternative function.

Pn register write 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 manipulated in two different ways:

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

* Indirect Pn bit set/reset/not
An indirect way to set (Pn_m = 1), reset (Pn_m = 0), or invert (Pn_m —
Pn_m) a Pn bit is possible using the following two registers:

— Port set reset register PSRn
If 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.

Access to single bits of the Pn register is possible so that operations to
manipulate (set, reset, ) bits for the Pn register do not indirectly affect any of
the other Pn_m bits.

Take care because the simultaneous use of both methods to manipulate Pn_m
bits is possible.

Caution When the following conditions are satisfied, the output on the Pn_m pin (e.g.
ALT_OUTYX) reflects the internal level of a multiplexed input function (e.g.
ALT_INXx).

An output function (e.g. ALT_OUTX) is multiplexed with an input function
(e.g. ALT_INX).

The pin is in use for the multiplexed output function (PMCn.PMCn_m =1
and PMn.PMn_m = 0).

Enabling of the bi-directional mode (PBDCn.PBDCn_m = 1) leads to the
level on Pn_m being readable from PPRn.PPRn_m.
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2.2.4 Port Control Logic Diagram

The following figure shows the logic diagram of the port control function.

Caution This figure shows the logics for reference; not show the actual circuits.

PUn_m

PBDCn_m

PMn_m
PMSRn_m

PIBCn_m Enable

PMCn_m '
PMCSRn_m L

PIPCn_m

PODCNn_m

PPRN_m

Pn_m
PSRn_m

PNOTn_m

=

PPCMDN_m |

PFCn_m

PFCENn_m

PPROTSn_m| !

1234  ALT_OUT ALT_IN 1234
ALT_OUT  control control ALT_IN
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2.3 Port Group Configuration Registers

This section starts with an overview of all configuration registers, and then

presents all registers in detail. The configuration registers are grouped as

follows:

» 2.3.2 Pin Function Configuration Registers

» 2.3.3 Pin Data Input/Output Registers

» 2.3.4 Configuration of Electrical Characteristics Registers

2.3.1 Overview
The following registers are used for the configuration of the individual pins of
the port groups.
Table 2-7 Port Group Configuration Registers

Register Name Shortcut Address
Port input buffer control register PIBCn <PORTnN_base0> + 40004 + n x 4
Port bi-direction control register PBDCn <PORTnN_base0> + 4100y + n x 4
Port IP control register PIPCn <PORTnN_base0> + 4200y + n x 4
Pull-up option register PUn <PORTnN_base0> + 43004 + n x 4
Port open drain control register PODCn <PORTN_base0> + 4500 + n x 4
Port register protection command register PPCMDn <PORTnN_base0> + 4C00y + n x 4
Port protection status register PPROTSN <PORTnN_base0> + 4B00y + n x 4
Port register Pn <PORTn_basel>+nx 4
Port set reset register PSRn <PORTnN_basel> + 100y + n x 4
Port pin read register PPRnN <PORTnN_basel> + 200y + n x 4
Port mode register PMn <PORTnN_basel> + 3004 + n x 4
Port mode control register PMCn <PORTnN_basel> + 400y + n x 4
Port function control register PFCn <PORTnN_basel> + 500y + n x 4
Port function control expansion register PFCEN <PORTN_basel> + 600y + n x 4
Port NOT register PNOTn <PORTnN_basel> + 700y + n x 4
Port mode set register PMSRn <PORTnN_basel> + 800y + n x 4
Port mode control set register PMCSRn <PORTnN_basel> + 900y + n x 4

<PORTn_base> The base address <PORT_base> of the port control registers is defined in

Table 2-2, Port n Register Addresses <PORTn_base0> and <PORTn_basel>.
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Table 2-8 JTAG Port Group Configuration Registers

Register Name Shortcut Address

JTAG port register JPO FF44 00004
JTAG port set reset register JPSRO FF44 00104
JTAG port pin read register JPPRO FF44 00204
JTAG port mode register JPMO FF44 00304
JTAG port NOT register JPNOTO FF44 00704
JTAG port mode set register JPMSRO FF44 00804
JTAG port input buffer control register JPIBCO FF44 04004
JTAG pull-up option register JPUO FF44 04304

Note For details of the JTAG port group configuration registers, see Section 2.3.2,
Pin Function Configuration Registers, Section 2.3.3, Pin Data Input/Output
Registers, and Section 2.3.4, Configuration of Electrical Characteristics
Registers. The valid bits and access size of the JTAG port group configuration
registers are shown in Table 2-48, List of JTAG Port 0 Control Registers.

Caution Many registers include bits to which no function has been allocated. Unless
there is a specific indication to the contrary, do not write values other than the
initial values to such bits. Operation is not guaranteed if other values are set in

these bits.
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2.3.2 Pin Function Configuration Registers

(1) PMCn — Port Mode Control Register

This register specifies whether the individual pins of port group n are in port
mode or in alternative mode (n =0 to 5, 8).

Access Readable and writable in 16-bit units.
Address Refer to Table 2-7, Port Group Configuration Registers.

Initial value 00004
A reset from any source will initialize the bits.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘PMCn_lS|PMCn_l4|PMCn_13|PMCn_12|PMCn_11|PMCn_10| PMCn_9 \ PMCn_8 \ PMCn_7 \ PMCn_6 |PMCn_5 |PMCn_4 | PNCh_3 | PMCh_2 | PMCh_1 | PMCn_0 \
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

Table 2-9 PMCn Register Contents

Bit Position | Bit Name Function

15t0 0 PMCn_[15:0] Specifies the operation mode of the corresponding pin.
0: Port mode
1: Alternative mode
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)

PMCSRn — Port Mode Control Set Reset Register n
This register provides an alternative method to write data to the PMCn register.

The upper 16 bits specify whether the value PMCn.PMCn_m is set by a write
operation to PMCn.PMCn_m or is defined by the lower 16 bits of PMCSRn
(n=0to5, 8).

Access Readable and writable in 32-bit units.
Bits 31 to 16 are always read as 0000.
Reading bits 15 to 0 returns the value of register PMCn.
Address Refer to Table 2-7, Port Group Configuration Registers.
Initial value 0000 00004

A reset from any source will initialize the bits.

31

30

29

28

27

26

25

24

23

22

21

20

19

18

17

16

PMCS

Rn_31

PMCS

Rn_30

PMCS

Rn_29

PMCS

Rn_28

PMCS
Rn_27

PMCS
Rn_26

PMCS
Rn_25

PMCS
Rn_24

PMCS
Rn_23

PMCS
Rn_22

PMCS
Rn_21

PMCS
Rn_20

PMCS

Rn_19

PMCS
Rn_18

PMCS
Rn_17

PMCS
Rn_16

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

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

PMCS
Rn_15

PMCS
Rn_14

PMCS
Rn_13

PMCS
Rn_12

PMCS
Rn_11

PMCS
Rn_10

PMCS
Rn_9

PMCS
Rn_8

PMCS
Rn_7

PMCS
Rn_6

PMCS
Rn_5

PMCS
Rn_4

PMCS
Rn_3

PMCS
Rn_2

PMCS
Rn_1

PMCS
Rn_0

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

Table 2-10 PMCSRnN Register Contents

Bit Position

Bit Name

Function

31to 16

PMCSRn_[31:16]

PMCSRnN_m specifies whether the value of the
corresponding lower bit PMCSRn_m value is written to
PMCn_m.

0: PMCn_m is independent of PMCSRn_m

1: PMCn_m is PMCSRn_m
Example:
If PMCSRN.PMCSRn_31 = 1, the value of bit
PMCSRn.PMCSRn_15 is written to bit PMCn.PMCn_15.

15t00

PMCSRn_[15:0]

Specifies the PMCn_m value if the corresponding upper
bit PMCSRn_(m + 16) is 1.

0:PMCn_m=0

1.PMCn_m=1
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PIPCn — Port IP Control Register

This register specifies whether the I/O direction of pin Pn_m is controlled by
the port mode register PMn.PMn_m or by an alternative function.

If pin Pn_m is operated in alternative mode (PMCn.PMCn_m = 1) and the
alternative function requires to directly control the 1/O direction of Pn_m,
PIPCn.PIPCn_m must be set to 1 as well. This hands over 1/O control to the
alternative function and overrules the PMn.PMn_m setting (n = 0 to 5).

Access Readable and writable in 16-bit units.
Address Refer to Table 2-7, Port Group Configuration Registers
Initial value 00004
A reset from any source will initialize the bits.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC | PIPC
n_15|{n_14 |{n_13|n_12|{n_11{n10{ n9 (N8 | n7 |n6|n5|nd4|n3|n2/|nl1j|no

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

Table 2-11 PIPCn Register Contents

Bit Position | Bit Name Function

15t0 0 PIPCn_[15:0] Specifies the 1/0 control mode.

0: /0 mode is selected by PMn.PMn_m (software 1/0O
control).

1: /0 mode is selected by the peripheral function (direct
1/0 control).

Caution 1.

Caution 2.

The following pins control buffer I/O from peripheral 1/0. Set PIPCn to 1 if any
of these pins is to be used.

* CSIGnSC, URTHNnSC
(serial clock input/output pins)
As long as the direction (input or output) is set correctly in the PMn
register, i.e. so that it corresponds to the setting for master or slave
mode of the serial interface (PMn_m = 0 for master mode and PMn_m =
1 for slave mode), setting the corresponding bit in the PIPCn register to 0
does not create a problem.

« TAUB0O10 to TAUB0OO15, TSG2001 to TSG2006
(target pins for Hi-Z control)
When a pin is to be used as a timer output pin for the timer option
function (TAPA) and Hi-Z control is not to be applied, setting the
corresponding bit in the PIPCnh register to 0 (PMn_m = 0) does not
create a problem as long as the pin is set as an output pin in the PMn
register.

To use the data consistency checking function of the CSIG module, set the bit
in the PIPCn register that is allocated to the CSIGnSO pin to O (operation of
data consistency checking is not guaranteed if the bit is set to 1).
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(4) PMn - Port Mode Register

The PMn register specifies whether the individual pins of the port group n are
in input mode or in output mode (n =0to 5, 8).

Access Readable and writable in 16-bit units.
Address Refer to Table 2-7, Port Group Configuration Registers.

Initial value FFFFy

A reset from any source will initialize the bits.

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

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

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

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)

Note 1. To use a portininput port mode (PMCn.PMCn_m =0 and PMn.PMn_m =
1), the input buffer must be enabled (PIBCn.PIBCnh_m = 1).

Note 2. By default, PMn_m, it specifies the I/O direction in port mode
(PMCn.PMCn_m = 0) and alternative mode (PMCn.PMCn_m=1), since
PIPCn.PIPCn_m = 0 after reset.
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(5) PMSRn — Port Mode Set Reset Register n
This register provides an alternative method to write data to the PMn register.

The upper 16 bits specify whether the value PMn.PMn_m is set by a write
operation to PMn.PMn_m or is defined by the lower 16 bits of PMSRn (n =0 to
5, 8).

Access Readable and writable in 32-bit units.
Bits 31 to 16 are always read as 0000.

Reading bits 15 to 0 returns the value of register PMn.

Address Refer to Table 2-7, Port Group Configuration Registers.
Initial value 0000FFFFy

A reset from any source will initialize the bits.

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

PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR |PMSR| PMSR | PMSR | PMSR | PMSR
n_31|n30|(n29 | n28 |n27 | n_26|n25|n24|n23|n22|n21|n20|n_19|n_18 | n_17 | n_16

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

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

PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR | PMSR
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

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

Table 2-13 PMSRn Register Contents

Bit Position | Bit Name Function

31to 16 PMSRn_[31:16] PMSRn_m specifies whether the value of the
corresponding lower bit PMSRn_m value is written to
PMn_m.

0: PMn_m is independent of PMSRn_m

1: PMn_mis PMSRn_m
Example:
If PMSRn.PMSRn_31 = 1, the value of hit
PMSRn.PMSRn_15 is written to bit PMn.PMn_15.

15t0 0 PMSRn_[15:0] Specifies the PMn_m value if the corresponding upper bit
PMSRn_(m + 16) is 1.
0:PMn_m=0
1:PMn_m=1
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(6) PIBCn — Port Input Buffer Control Register

In input port mode (PMCn.PMCn_m = 0 and PMn.PMn_m = 1), this register
enables/disables the port pin's input buffer (n =0 to 5, 8).

Access Readable and writable in 16-bit units.
Address Refer to Table 2-7, Port Group Configuration Registers.
Initial value 00004
A reset from any source will initialize the bits.

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

PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC | PIBC
n_15|{n_14 |{n_13|n_12|{n_11{n10{ n9 (N8 | n7 |n6|n5|nd4|n3|n2/|nl1j|no

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

Table 2-14 PIBCn Register Contents

Bit Position | Bit Name Function

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

Caution Settings in this register are overruled in bi-directional mode
(PBDCn.PBDCn_m = 1).
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(7) PFCn — Port Function Control Register

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

Some alternative functions require direct I/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
(n=0to5, 8).

Access Readable and writable in 16-bit units.
Address Refer to Table 2-7, Port Group Configuration Registers.
Initial value 00004

A reset from any source will initialize the bits.

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

PFC | PFC | PFC | PFC | PFC | PFC | PFC | PFC | PFC | PFC | PFC | PFC | PFC | PFC | PFC | PFC
n_15|{n_14 |n_13|n_12|{n_11|{n10{n9 (n8 | n7|n6|n5|nd4d|n3|n2|nl1lj|no

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

Table 2-15 PFCn Register Contents

Bit Position | Bit Name Function

15t00 PFCn_[15:0] Specifies the alternative function of a pin.
See Table 2-4, Alternative Mode Selection Overview
(PMCn.PMCn_m = 1).

(8) PFCEN — Port Function Control Expansion Register

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

Some alternative functions require direct I/0 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
(n=0to 5, 8).

Access Readable and writable in 16-bit units.
Address Refer to Table 2-7, Port Group Configuration Registers.

Initial value 00004

A reset from any source will initialize the bits.

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

PFCE|PFCE|PFCE|PFCE |PFCE |PFCE |PFCE |PFCE |PFCE | PFCE | PFCE | PFCE | PFCE | PFCE | PFCE | PFCE
n15|n_14|n_13|n_12{n11(n 10| nN9 | n8 |n7 |n6|n5|n4|n3|n2|nl1j|no

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

Table 2-16 PFCEnN Register Contents

Bit Position | Bit Name Function

15t0 0 PFCEN_[15:0] Specifies the alternative function of a pin.
See table Table 2-4, Alternative Mode Selection
Overview (PMCn.PMCn_m = 1).
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2.3.3 Pin Data Input/Output Registers

(1) PBDCn - Port Bi-Direction Control Register

This register enables the input buffer, thus the Pn_m pin level is always read
via PPRn.PPRn_m (n =010 5, 8).

Access Readable and writable in 16-bit units.
Address Refer to Table 2-7, Port Group Configuration Registers
Initial value 00004

A reset from any source will initialize the bits.

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

PBDC|PBDC|PBDC|PBDC|PBDC|PBDC|PBDC|PBDC|PBDC|PBDC|PBDC|PBDC|PBDC|PBDC|PBDC|PBDC
n15|n 14|{n13|n12|n11(n10| N9 {n8|n7 | n6|n5|n4|n3|n2j|nl1l|no

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

Table 2-17 PBDCn Register Contents

Bit Position | Bit Name Function

15t00 PBDCn_[15:0] Enables/disables bi-directional mode of the
corresponding pin.

0: Bi-directional mode disabled

1: Bi-directional mode enabled

Caution To use the data-consistency checking function of the CSIG module, set the bit
in the PBDCn register that is allocated to the CSIGnSO pin to 1.
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(2) PPRn - Port Pin Read Register

This register reflects the actual level of pin Pn_m, the value of the Pn.Pn_m bit
or the level of an alternative output function. The value which is read depends
on various control settings as described in Table 2-6, PPRn_m Read Values (n
=0to5, 8).

Access This register is read-only and only readable in 16-bit units.
Address Refer to Table 2-7, Port Group Configuration Registers.
Initial value 00004

A reset from any source will initialize the bits.

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

PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR | PPR
n_15({n_14(n_13|n_22|n_11(n 10| N9 N8| Nn7|n6|n5|nd4d|n3|n2|nl1l|no

R R R R R R R R R R R R R R R R

Table 2-18 PPRn Register Contents

Bit Position | Bit Name Function

15t0 0 PPRn_[15:0] Pin Pn_m, Pn.Pn_m value or alternative function output.

(3) Pn - Port Register

This register holds the data Pn.Pn_m to be output via the related port Pn_m in
output port mode (PMCn.PMCn_m = 0 and PMn.PMn_m =0) (h=0to 5, 8).

Access Readable and writable in 16-bit units.
Address Refer to Table 2-7, Port Group Configuration Registers.
Initial value 00004
A reset from any source will initialize the bits.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

[Pn_15[Pn_14]Pn_13|Pn_12|Pn_11[Pn_10] Pn_9 [ Pn_8|Pn_7|Pn_6{Pn_5|Pn_4{Pn_3|Pn_2[Pn_1]|Pn_ o]
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

Table 2-19 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: Outputs low level
1: Outputs high level

Note The bits of this register can be manipulated by different means; refer to Section
2.2.3, Pin Data Input/Output.
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(4) PNOTn — Port NOT Register

This register allows to invert a bit Pn_m of the port register Pn without directly
writing to Pn (n=0to 5, 8).

Access Writing in 16-bit units is the only form of access. The register is always read as
0000y.

Address Refer to Table 2-7, Port Group Configuration Registers.
Initial value 00004
A reset from any source will initialize the bits.

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

PNOT|PNOT|PNOT|PNOT|PNOT|PNOT|PNOT|PNOT|PNOT|PNOT|PNOT|PNOT|PNOT|PNOT|PNOT|PNOT
n15|n_14|n_13|n12|n 11 |n 210 n9 | n8n7|n6|n5|nd4|n3|n2|nl1lj]no

Table 2-20 PNOTnN Register Contents

Bit Position | Bit Name Function

15t0 0 PNOTn_[15:0] Specifies if Pn.Pn_m is inverted:
0: Pn.Pn_m is not inverted (Pn_m — Pn_m)
1: Pn.Pn_mis inverted (Pn_m — Pn_m)
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31

Initial value

30

Access

Address

29

(5) PSRn — Port Set Reset Register

This register provides an alternative method to write data to the Pn register.

The upper 16 bits specify whether the value Pn.Pn_m is set by a write
operation to Pn.Pn_m or is defined by the lower 16 bits of PSRn (n = 0to 5, 8).

Readable and writable in 32-bit units.

Bits 31 to 16 are always read as 0000.
Reading bits 15 to 0 returns the value of register Pn.

Refer to Table 2-7, Port Group Configuration Registers.
0000 0000y

A reset from any source will initialize the bits.

28 27

26

25

24

23 22 21 20 19 18 17 16

PSR
n_31

PSR
n_30

PSR
n_29

PSR | PSR
n_28 | n_27

PSR
n_26

PSR
n_25

PSR
n_24

PSR | PSR | PSR | PSR | PSR | PSR | PSR | PSR
n23|n22|n21{n_20|n_19|n_18|n_17|n_16

R/W

15

R/W

14

R/W

13

RW R/W

12 11

R/W

10

R/W

R/W

RW RW RW RW RW RW RW R/W

PSR
n_15

PSR
n_14

PSR
n_ 13

PSR | PSR
n12|n_11

PSR
n_10

PSR
n9

PSR
n_8

PSR | PSR | PSR [ PSR | PSR | PSR | PSR | PSR
nN7|n6(n5|In4[n3|n2]|nl1l|noO

R/W

R/W

R/W

R/W  R/W

R/W

R/W

R/W

Table 2-21 PSRn Register Contents

RW RW RW RW RW RW RW R/W

Bit Position

Bit Name

Function

31to 16

PSRn_[31:16]

PSRn_m specifies whether the value of the
corresponding lower bit PSRn_m value is written to
Pn_m.

0: Pn_m is independent of PSRn_m

1: Pn_mis PSRn_m
Example:
If PSRn.PSRN31 = 1, the value of bit PSRn.PSRn_15 is
written to bit Pn.Pn_15.

15t00

PSRn_[15:0]

Specifies the Pn_m value if the corresponding upper bit
PSRn_(m+16) is 1.

0:Pn_m=0

1.Pnm=1
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2.3.4 Configuration of Electrical Characteristics Registers

(1) PUN — Pull-Up Option Register

This register specifies whether pull-up resistor is connected to an input pin
(n=0to5, 8).

Access Readable and writable in 16-bit units.
Address Refer to Table 2-7, Port Group Configuration Registers.
Initial value 00004

A reset from any source will initialize the bits.

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

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

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

Table 2-22 PUn Register Contents

Bit Position | Bit Name Function

15t00 PUN_[15:0] Specifies whether a pull-up resistor is connected to the
corresponding pin.

0: No pull-up resistor connected

1: Pull-up resistor connected

Caution The pull-up resistor has no effect when the pin is operated in output mode.
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)

Access

PODCnh — Port Open Drain Control Register

This register selects push-pull or open-drain as output buffer function (n = 2).
For correspondence with the SPC function of the SENT interface in this
product, this setting is only available for the TAUBO pin of port 2.

Readable and writable in 32-bit units.

Writing to this register is protected by a special sequence of instructions. Refer
to Section 2.3.5, Port Register Protection.

Address Refer to Table 2-7, Port Group Configuration Registers.
Initial value 0000 0000y
A reset from any source will initialize the bits.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PODC|PODC|PODC|PODC|PODC|PODC|PODC|PODC|PODC|PODC|PODC|PODC|PODC|PODC|PODC|PODC
n_31({n_30(n_29|n_28|n_27(n_26|n_25|n_24|n_23|n_22|n_21|n_20|n_19|n_18|n_17|n_16

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

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| N9 N8| Nn7|n6|nS5|nd4d|n3|n2|nl]|no

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

Table 2-23 PODCnh Register Contents

Bit Position | Bit Name Function
31to 0 PODCn_[31:0] Specifies the output buffer function.
0: Push-pull
1: Open-drain
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2.3.5 Port Register Protection

(1) PPCMDn - Port Register Protection Command Register
This register is a command register for (n = 2).
Access Writable in 8-bit units. When read, it is always read as 0.
Address Refer to Table 2-7, Port Group Configuration Registers.
Initial value 00y

A reset from any source will initialize the bits.

Table 2-24 PPCMDm Register Contents

Bit Position | Bit Name Function
7t00 — Command capable of writing to protected port registers

(2) PPROTSN — Port Protection Status Registers

This register shows the state of the write sequence for a protected port register
(n=2).

Access Readable in 8-bit units. Values written are ignored.
Address Refer to Table 2-7, Port Group Configuration Registers.
Initial value 00y

A reset from any source will initialize the bits.

0
0 0 0 0 0 0 0 PPROTSN_0
R
Table 2-25 PPROTSh Register Contents
Bit Position | Bit Name Function
0 PPROTSN_O Confirms errors in the write sequence for a protected port
register.
0: No protection error occurred
1: Protection error occurred
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(3) Protected Port Registers
PODCn - Port Open Drain Control Register

(4) Sequence for Writing to a Protected Port Register

No

Yes

End

Figure 2-1 Sequence for Writing to a Protected Port Register

Step 1 Initialize the sequence of writing by writing A5 to register PPCMD.

Step 2 Write the set value in a 32-bit unit to a protected register (this will not update
the register).

Step 3 Write the inverse of the set value in a 32-bit unit to the same protected register
(this will not update the register).

Step 4 Again write the original set value in a 32-bit unit to the same protected register
(this will update the register).

Step 5 Check if the value in the PPROTSN.PPROTSN_0 hit is 0; this will confirm that
the set value has actually been written to the protected port register.
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2.4 Port Group Configuration

This section shows an overview of the port groups. See Table 2-26, List of Port
Groups.

Table 2-30, List of States of Port Pins, shows the changes in pin function when
this microcontroller is reset, or is at each stand-by mode.

In each sub-section, the configuration register settings of each port group are
listed (see Section 2.6, Port 0, and subsequent passages).
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2.4.1 List of Ports and Pins

(1) List of Port Groups

Table 2-26 List of Port Groups (1/2)

Port
Group | Port Alternative Alternative Alternative Alternative
Name | Name Mode 1 Mode 2 Mode 3 Mode 4 Characteristics
PO PO_0 ADCAOTRG2/ | — — URTHORXD/ |+ Input/output port
INTPS INTPO « Inputs and outputs are
PO_1 ADCAOTRG1/ | — _ URTHOTXD specifiable in 1-bit units.
INTP4
PO_2 ADCAOTRGO/ | — — URTHOSC
INTP3
PO_3 CLKOUT — — URTHOCTS
P1 P10 NMI/ OSTM10 — TSG2007 * Input/output port
CLKOUT « Inputs and outputs are
P1 1 TAUJOI0/ _ _ TSG2001 specifiable in 1-bit units.
TAUJOOO
P12 TAUJOI1/ — — TSG2002
TAUJOO1
P1_3 TAUJOI2/ — — TSG2003
TAUJOO2
P1 4 TAUJOI3/ — — TSG2004
TAUJOO3
P15 — — — TSG2005
P16 — — — TSG2006
P17 — CSIGOSI — URTHORXD/
TSG2007/
INTPO
P18 TPBOO CSIG0SO — URTHOTXD
P19 — CSIG0SC — URTHOSC
P2 P2_0 TAUBOI1/ TAUBOIO/ URTH1SC CSIGORYI ¢ Input/output port
TAUBOO1 TAUBOOO + Inputs and outputs are
P21 | TAUBOI3/ TAUBOI2/ — CSIG1RYI specifiable in 1-bit units.
TAUBOO3 TAUBOO2
P2_2 TAUBOI5/ TAUBOI4/ TAUBOO10 —
TAUBOOS5 TAUBOO4
P2_3 TAUBOI7/ TAUBOI6/ TAUBOO12 —
TAUBOO7 TAUBOO6
P2_4 TAUBOI9/ TAUBOI8/ TAUBOO14 —
TAUBOO9 TAUBOOS8
P25 TAUBOI11/ TAUBOI10/ — —
TAUBOO11 TAUBOO10
P2_6 TAUBOI13/ TAUBOI12/ — —
TAUBOO13 TAUBOO12
pP2_7 TAUBOI15/ TAUBOI14/ — —
TAUBOO15 TAUBO0O14
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Table 2-26 List of Port Groups (2/2)

Port
Group | Port Alternative Alternative Alternative Alternative
Name | Name Mode 1 Mode 2 Mode 3 Mode 4 Characteristics
P3 P3_0 — — URTH1RXD/ | — ¢ Input/output port
INTP1 « Inputs and outputs are
P3 1 _ _ URTH1TXD _ specifiable in 1-bit units.
P3_2 — — CSIG1SI —
P3 3 — — CSIG1SO TPBOO
P34 — — CSIG1SC —
P35 |— — — INTP2/
FCN1TX
P3 6 — — — FCN1RX
P4 P4 0 URTH1RXD/ — FCNOTX — « Input/output port
INTP1 « Inputs and outputs are
P4_1 |URTHITXD |TSG20PTSIO/ | FCNORX — specifiable in 1-bit units.
ENCAOEO
P4 2 CSIG1SI TSG20PTSI1/ | — —
ENCAOE1/
OSTM10
P4 3 CSIG1SO TSG20PTSI2/ | URTHICTS —
ENCAOQEC/
OSTMO0O
P4_4 CSIG1SC — URTH1RTS ESO0/
INTP6/
CSIGORYO
P4 5 — — ADCAOCNV?2 | INTP7/
CSIG1RYO
P4 6 — — ADCAOCNV1 | ESO2/
INTP8
P4 7 NMI — ADCAOCNVO | INTP9
P5 P5 0 — — URTHORXD/ | — ¢ Input/output port
INTPO « Inputs and outputs are
p5_1 _ _ URTHOTXD ADCAOTRGO/ specifiable in 1-bit units.
INTP3
P5 2 — INTP2 URTHOSC ADCAOTRG1/
INTP4
P5 3 — ADCAOTRGO/ | URTHOCTS ADCAOTRG2/
INTP3 INTPS
P8 P8_0 — TAUBO0O15 OSTM10 — ¢ Input/output port
 Inputs and outputs are
specifiable in 1-bit units.
e« TGLOUT output
JPO0t [JPO 1 | — — — — « JTAG port
JPO_2 | — — — — e Used for the JTAG
— interface
JPO_3 |— — — —
JPO 5 |— — — —
Note 1. Itis alternative with Nexus interface. When OPBT0.FOP31=0, JTAG ports are enabled. When

OPBTO0.FOP31=1, Nexus interface is enabled.
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(2) List of Pins Other than Port Pins
Table 2-27 List of Pins Other than Port Pins (1/6)

Pin Name Function

INTC NMI Input for non-maskable external interrupt requests

INTPO Input for maskable external interrupt requests

INTP1

INTP2

INTP3

INTP4

INTPS

INTP6

INTP7

INTP8

INTP9
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Table 2-27 List of Pins Other than Port Pins (2/6)

Pin Name Function

TAUBO TAUBOIO Input for the TAUBO channel

TAUBOI1

TAUBOI2

TAUBOI3

TAUBOI4

TAUBOI5

TAUBOI6

TAUBOI7

TAUBOI8

TAUBOI9

TAUBOI10

TAUBOI11

TAUBOI12

TAUBOI13

TAUBOI14

TAUBOI15

TAUBOOO Output for the TAUBO channel

TAUBOO1

TAUBOO2

TAUBOO3

TAUBOO4

TAUBOOS5

TAUBOOG6

TAUBOO7

TAUBOOS8

TAUBOO9

TAUB0O10

TAUBOO11

TAUB0O12

TAUB0O13

TAUB0O14

TAUBO0O15
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Table 2-27 List of Pins Other than Port Pins (3/6)

Pin Name Function
TAUJO TAUJOIO Input for the TAUJO channel
TAUJOI1
TAUJOI2
TAUJOI3
TAUJOOO Output for the TAUJO channel
TAUJOO1
TAUJO0O2
TAUJOO3
TSG20 TSG2001 Pulse output for the TSG20
TSG2002
TSG2003
TSG2004
TSG2005
TSG2006
TSG2007
TSG20PTSIO Pattern input for the TSG20
TSG20PTSI1
TSG20PTSI2
ENCO ENCAOQEO Encoder input for the ENCO encoder counter
ENCAOE1
ENCAOQEC Clearing input for the ENCO encoder counter
TPBO TPBOO Pulse output from the TPBO timer pattern buffer
OSTO OSTMO00O Output for OS timer O
OST1 OSTM10 Output for OS timer 1
TAPA ESOO0 Input for forcibly stopping timer output
ESO2
BRG CLKOUT Clock output
CANO FCNOTX Output for data transmission from CANO
FCNORX Input for data reception by CANO
CAN1 FCN1TX Output for data transmission from CAN1
FCN1RX Input for data reception by CAN1
UARTHO URTHOTXD Output for serial data transmission from UARTO
URTHORXD Input for serial data reception by UARTO
URTHOCTS Input for hand-shake signal in UARTO transmission
URTHOSC Input or output for the UARTO serial clock
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Table 2-27 List of Pins Other than Port Pins (4/6)

Pin Name Function

UARTH1 URTH1TXD Output for serial data transmission from UART1
URTH1RXD Input for serial data reception by UART1
URTH1CTS Input for hand-shake signal in UART1 transmission
URTH1RTS Output for hand-shake signal in UART1 reception
URTH1SC Input or output for the UART1 serial clock

CSIGO CSIGO0SC Input or output for the CSIGO serial clock
CSIGOSI Input for serial data reception by CSIGO
CSIG0SO Output for serial data transmission from CSIGO
CSIGORYI Input for serial ready/busy from CSIGO
CSIGORYO Output for serial ready/busy from CSIGO

CSIG1 CSIG1sC Input or output for the CSIG1 serial clock
CSIG1SI Input for serial data reception by CSIG1
CSIG1SO Output for serial data transmission from CSIG1
CSIG1RYI Input for serial ready/busy from CSIG1
CSIG1RYO Output for serial ready/busy from CSIG1
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Table 2-27 List of Pins Other than Port Pins (5/6)

Pin Name

Function

ADCAO

ADCAOI1

ADCAO0I2

ADCAOI3

ADCAOI4

ADCAOI5

ADCAOI6

ADCAOI7

ADCAOI8

ADCAOI9

ADCAO0I10

ADCAOI11

ADCAOI12

ADCAO0I13

ADCAOI14

ADCAOI15

ADCAOI16

ADCAOI17

ADCAO0I18

Analog inputs for the A/D converter

ADCAOTRGO

ADCAOTRG1

ADCAOTRG2

External trigger inputs for the A/D converter

ADCAOCNVO

ADCAOCNV1

ADCAOCNV2

Status outputs for the A/D converter

AVDDO

Source of positive power supply for the A/D converter

AVSSO0

Ground potential for the A/D converter

AVREFOP

Source of reference power supply for the A/D converter

AVREFOM

Reference ground potential for the A/D converter

SGA

ERROROUT

Output for error signal from the safety guardian

Nexus

DCUTCK™

Input for the debugger clock

DCUTDI

Input for debugger data

DCUTDO™

Output for debugger data

DCUTMS™

Input for debugger mode-selection signal

DCUTRST

Input for debugger reset

DCUTRDY"?

Output for debugger-ready signal
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Table 2-27 List of Pins Other than Port Pins (6/6)

Pin Name Function

Other DCUEVTO Output for event-trigger signal

debugger RESETOUT, Output for debugger reset
RESETOUT
LPDIO Single-pin debugging input/output pin

RESET RESET Input for system reset

CLOCK X1 For connection of crystal for system clock oscillation
X2

MODE FLMDO Operating mode specifying pin/flash write control pin
FLMD1 Operation mode specifying pin

POWER OSCVDD Source of positive power supply for the OSC
OSCVSS Ground potential for the OSC
VDD Source of positive power supply for the on-chip regulator
VSS Ground potential for the on-chip regulator
EVDD Source of positive power supply for the external pins, code flash and data flash
EVSS Ground potential for external pins, code flash and data flash
REGCO Pin for connection of the capacitor for the on-chip regulator
REGC1 Pin for connection of the capacitor for the on-chip regulator

Note 1. Itis alternative with JTAG ports. When OPBTO0.FOP31=0, JTAG ports are enabled. When
OPBTO0.FOP31=1, Nexus interface is enabled.
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(3) Handling of Unused Port Pins

Table 2-28 Handling of Unused Port Pins (1/3)

Port
Group | Port Alternative Alternative Alternative Alternative Input/Output | Handling of
Name Name Mode 1 Mode 2 Mode 3 Mode 4 Circuit Type | Unused Pins
PO PO_0O ADCAOTRG2/ | — — URTHORXD/ | Type5-W Set the pins as
INTP5 INTPO inputs (PMn_m = 1)
in port mode
PO_1 ADCAOTRG1/ URTHOTXD (PMCn_m = 0), and
INTP4
connect them to on-
PO_2 ADCAOTRGO/ | — — URTHOSC board pull-up
INTP3 resistors (PUn_m =
PO_3 | CLKOUT — — URTHOCTS 1). Pins shall be left
= open-circuit.
P1 P10 NMI/ OSTM10 — TSG2007 Type5-W Set the pins as
CLKOUT inputs (PMn_m = 1)
P11 | TAUJOIO/ — — TSG2001 '(r;)f/l"crtnmn(;d_e 0, and
TAUJOOO o
connect them to on-
P1 2 TAUJOI1/ — — TSG2002 board pull-up
TAUJOO1 resistors (PUn_m =
PL3 | TAUJOI2/ _ _ TSG2003 i)'ei'_'griﬂ:" be left
TAUJOO2 P :
P1_4 TAUJOI3/ — — TSG2004
TAUJOO3
P15 — — — TSG2005
P1_6 — — — TSG2006
P17 — CSIGOSI — URTHORXD/
TSG2007/
INTPO
P1_8 TPBOO CSIG0SO — URTHOTXD
P1 9 — CSIGOSC — URTHOSC
P2 P2_0 TAUBOI1/ TAUBOIO/ URTH1SC CSIGORYI Type5-W Set the pins as
TAUB0O1 TAUBOOO inputs (PMn_m = 1)
P21 | TAUBOI3/ TAUBOI2/ — CSIGLRY! '(r;,fﬂ‘gamgdf 0), and
TAUB0O3 TAUB0O2 o
connect them to on-
p2_2 TAUBOI5/ TAUBOI4/ TAUB0OO10 — board pull-up
TAUBOOS TAUB0O4 resistors (PUn_m =
P23 | TAUBOI7/ TAUBOI6/ TAUB0O12 | — i)'e':]'_”;riﬂft’" be left
TAUB0O7 TAUB0O6 P :
P2_4 TAUBOI9/ TAUBOI8/ TAUBOO14 —
TAUBOO9 TAUBOO8
P2_5 TAUBOI11/ TAUBOI10/ — —
TAUBOO11 TAUBOO10
P2_6 TAUBOI13/ TAUBOI12/ — —
TAUBOO13 TAUBO0OO12
P2_7 TAUBOI15/ TAUBOI14/ — —
TAUBOO15 TAUB0O14
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Table 2-28 Handling of Unused Port Pins (2/3)

Port

Group | Port Alternative Alternative Alternative Alternative Input/Output | Handling of

Name Name Mode 1 Mode 2 Mode 3 Mode 4 Circuit Type | Unused Pins

P3 P3_0 — — URTH1RXD/ | — Type5-W Set the pins as

INTP1 inputs (PMn_m = 1)
in port mode
P31 URTH1TXD (PMCn_m = 0), and
P3_2 — — CSIG1sI — connect them to on-
P33 | — _ CSIG1SO TPBOO board pull-up
- resistors (PUn_m =
P3 4 — — CSIG1SC — 1). Pins shall be left
P35 — — — INTP2/ open-circuit.
FCN1TX
P3_6 — — — FCN1RX
P4 P4 0 URTH1RXD/ | — FCNOTX — Type5-W Set the pins as
INTP1 inputs (PMn_m = 1)
P4 1 |URTHITXD | TSG20PTSIO/ | FCNORX — in port mode
- (PMCn_m =0), and
ENCAOEO
connect them to on-
P4_2 CSIG1SI TSG20PTSI1/ | — — board pull-up
ENCAOE1/ resistors (PUn_m =
OSTM10 1). Pins shall be left
P43 | CSIGLSO TSG20PTSI2/ | URTHICTS | — open-circult.
ENCAOQEC/
OSTM0O
P4 4 CSIG1SsC — URTHI1RTS ESO0/
INTP6/
CSIGORYO
P4 5 — — ADCAOCNV2 | INTP7/
CSIG1RYO
P4 6 — — ADCAOCNV1 | ESO2/
INTP8
P4_7 NMI — ADCAOCNVO [ INTP9
P5 P5 0 — — URTHORXD/ | — Type5-W Set the pins as
INTPO inputs (PMn_m = 1)
in port mode
P51 URTHOTXD ADCAOTRGO/ (PMCn_m = 0), and
INTP3
connect them to on-
P5_2 — INTP2 URTHOSC ADCAOTRG1/ board pull-up
INTP4 resistors (PUn_m =
P53 |— ADCAOTRGO/ | URTHOCTS | ADCAOTRG2/ i)'ei'lfrzgﬁ‘" be left
INTP3 INTP5 P '

P8 P8_0 — TAUBOO15 OSTM10 — Type5-W Set the pins as
inputs (PMn_m = 1)
in port mode
(PMCn_m =0), and
connect them to on-
board pull-up
resistors (PUn_m =
1). Pins shall be left
open-circuit.
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Table 2-28 Handling of Unused Port Pins (3/3)

Port

Group | Port Alternative Alternative Alternative Alternative Input/Output | Handling of

Name Name Mode 1 Mode 2 Mode 3 Mode 4 Circuit Type | Unused Pins

Jpoxt JPO_1 Type TDO In input mode: Set

the pins as inputs

JPO_2 Type TCK (JPMO_m = 1), and
JPO_3 Type TMS connect them to on-
JPO_5 Type RDY board pull-up

resistors (JPUO_m =
1). Pins shall be left
open-circuit.

Note 1. Itis alternative with Nexus interface. When OPBT0.FOP31=0, JTAG ports are enabled. When
OPBTO0.FOP31=1, Nexus interface is enabled.
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(4) Handling of Unused Pins Other than Port Pins

Table 2-29 Handling of Unused Pins Other than Port Pins (1/2)

Input/Output

Pin Name Circuit Type Handling
FLMDO Type2-W Must be used.

Connect this pin to EVSS via a resistance no less than 270 kQ.
FLMD1 Type2-I Must be used.

Connect this pin to EVSS directly.
RESET Type2-I Must be used.
DCUTRST Type2-X Connect this pin to EVSS.
DCUTCK™ Type TCK Leave.
DCUTDI Type LPDIO
DCUTDO™ Type TDO
DCUTMS™ Type TMS
DCUTRDY"? Type RDY
DCUEVTO Type3
ERROROUT Type ERROROUT | Leave this pin.
X1 — Must be used.
X2 —
ADCAOI1 Type7 When the ADC is not in use:
ety comect 1 s 0 EVED O S5
ADCAOI3 directly connect the pins to AVDDO or AVSSO0.
ADCAO0I4
ADCAOI5
ADCAO0I6
ADCAOI7
ADCAO0I8
ADCAO0I9
ADCAOI10
ADCAOI11
ADCAO0I12
ADCAO0I13
ADCAO0I14
ADCAO0I15
ADCAOI16
ADCAO0I17
ADCAO0I18
AVREFOP — When the ADC is not in use: connect to EVDD.
AVREFOM — When the ADC is not in use: connect to EVSS.
AVDDO — When the ADC is not in use: connect to EVDD.
AVSS0 — When the ADC is not in use: connect to EVSS.
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Table 2-29 Handling of Unused Pins Other than Port Pins (2/2)

Pin Name

Input/Output
Circuit Type

Handling

VDD

VSS

OSCvDD

OSCVSS

EVDD

EVSS

REGCO

REGC1

Must be used.

Note 1. Itis alternative with JTAG ports. When OPBT0.FOP31=0, JTAG ports are enabled. When
OPBTO0.FOP31=1, Nexus interface is enabled.
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Type 3

Data ——@

Type 7

VREF
(threshold voltage)

>

Comparator

Type 2-1
Type 2-X
» TTL input
IN
IN
Schmitt-triggered input with hysteresis characteristics
Type 2-W _[ VDD Type 5-W VbD
g Pull-up Pull-up |
P-ch <— 4047 enable enable | P-ch
VDD
Pull-down
enable Data ":D)—| p-ch
—O IN/OUT

Output N-ch

disable

(1]
. ) . . - Input
Schmitt-triggered input with hysteresis characteristics enable
Figure 2-2 1/O circuit type(1/2)
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Type TDO, RDY VoD Type TCK, TMS VDD
Pull-up |
Pull-up Pt
enable DO I p-ch enable {>O | o
VDD
VoD
Data —— 14 P-ch
Data 4‘:‘:})—'
P-ch »—O IN/OUT
»——OIN/OUT Output Nech
disable
Output N-ch
disable
Data input enable
TTL input
enable Control input enable
Type ERROROUT VDD Type LPDIO
o data »—O INJOUT
output %—{% .
out disable N-ch
Output
data input enable
TTL input
control signal ﬁ
Input enable control input enable
Figure 2-2 1/O circuit type(2/2)
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(5) States of Port Pins

Table 2-30 List of States of Port Pins (1/2)

Immedi-
ately after
BIST for Releasing
Self- the CPU
Port diagnosis | Core
Group Pin Alter-native Alter-native Alter-native Alter-native is from
Name Name Mode 1 Mode 2 Mode 3 Mode 4 Reset Running Reset HALT Mode
PO PO_0 ADCAOTRG2/ | — — URTHORXD/ Hi-Z Hi-Z Hi-Z Port output:
INTP5 INTPO Retained
Port input:
PO_1 ADCAOTRG1/ | — — URTHOTXD Non-
INTP4 sampling
P02 | ADCAOTRGO/ | — — URTHOSC Alternative
INTP3 output: can
operate
PO_3 CLKOUT — — URTHOCTS Alternative
input: can
operate
P1 P1_0 NMI/ OSTM10 — TSG2007 Hi-Z Hi-Z Hi-Z Port output:
CLKOUT Retained
Port input:
P11 TAUJOI0/ — — TSG2001 Non-
TAUJOOO sampling
P12 TAUJOIL/ — — TSG2002 ﬁ:}gﬂf“c‘;
TAUJOO1 operate
P13 TAUJOI2/ — — TSG2003 Alternative
TAUJOO2 input: can
operate
P1_4 TAUJOI3/ — — TSG2004
TAUJOO3
P15 — — — TSG2005
P1_6 — — — TSG2006
P1_7 — CSIGOSI — URTHORXD/
TSG2007/
INTPO
P18 TPBOO CSIGO0SO — URTHOTXD
P19 — CSIGOSC — URTHOSC
P2 P2_0 TAUBOI1/ TAUBOIO/ URTH1SC CSIGORYI Hi-Z Hi-Z Hi-Z Port output:
TAUBOO1 TAUBOOO Retained
Port input:
P2_1 TAUBOI3/ TAUBOI2/ — CSIGLRYI Non-
TAUB0O3 TAUB0O2 sampling
P2 2 TAUBOIS/ TAUBOI4/ TAUB0O10 | — ﬁ:}f’ﬂf‘é‘g}
TAUBOO5 TAUB0O4 put:
operate
P2_3 TAUBOI7/ TAUBOI6/ TAUB0O12 — Alternative
TAUBOO7 TAUB0O6 input: can
operate
P2_4 TAUBOI9/ TAUBOI8/ TAUB0O14 —
TAUBOO9 TAUBOOS8
P2_5 TAUBOI11/ TAUBOI10/ — —
TAUB0O11 TAUBOO10
P2_6 TAUBOI13/ TAUBOI12/ — —
TAUB0OO13 TAUBO0O12
P2_7 TAUBOI15/ TAUBOI14/ — —
TAUBOO15 TAUB0O14
P3 P3_0 — — URTH1RXD/ — Hi-Z Hi-Z Hi-Z Port output:
INTP1 Retained
Port input:
P3_1 — — URTH1TXD — Non-
— — — sampling
P32 CSIG1SI Alternative
P3_3 — — CSIG1SO TPBOO output: can
operate
P3_ 4 — — CSIG1SC — Alternative
input: can
P3_5 — — — INTP2/ operate
FCN1TX
P3_6 — — — FCN1RX
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Table 2-30 List of States

of Port Pins (2/2)

Immedi-
ately after
BIST for Releasing
Self- the CPU
Port diagnosis | Core
Group Pin Alter-native Alter-native Alter-native Alter-native is from
Name Name Mode 1 Mode 2 Mode 3 Mode 4 Reset Running Reset HALT Mode
P4 P4_0 URTH1RXD/ — FCNOTX — Hi-Z Hi-Z Hi-Z Port output:
INTP1 Retained
Port input:
P4_1 URTH1TXD TSG20PTSIO/ | FCNORX — Non-
ENCAOEO sampling
P4 2 CSIG1SI TSG20PTSI1/ | — — Ql'}terﬂf‘tg’ai
ENCAOE1/ opepraté
OSTM10 Alternative
P4_3 CSIG1SO TSG20PTSI2/ | URTHICTS — input: can
ENCAOEC/ operate
OSTMOO
P4_4 CSIG1SC — URTH1RTS ESO0/
INTP6/
CSIGORYO
P4_5 — — ADCAOCNV2 | INTP7/
CSIG1RYO
P4_6 — — ADCAOCNV1 | ESO2/
INTP8
P4_7 NMI — ADCAOCNVO | INTP9
P5 P5 0 — — URTHORXD/ — Hi-Z Hi-Z Hi-Z Port output:
INTPO Retained
Port input:
P51 — — URTHOTXD ADCAOTRGO/ Non-
INTP3 sampling
P5_2 — INTP2 URTHOSC | ADCAOTRG1/ Alternative
INTP4 output: can
operate
P5_3 — ADCAOTRGO/ | URTHOCTS | ADCAOTRG2/ Alternative
INTP3 INTP5 input: can
operate
P8 P8_0 — TAUB0O15 OSTM10 — Hi-Z Hi-Z Hi-Z Port output:
Retained
Port input:
Non-
sampling
Alternative
output: can
operate
Alternative
input: can
operate
Jpo+t JPO_1 — — — — Hi-Z Hi-Z Hi-Z Port output:
- - - Retained
JPO_2 — — — — Hi-Z Hi-Z Hi-Z Port input:
P03 | — — — — Hi-Z Hi-Z Hi-Z Non-
sampling
JPO_5 — — — — Hi-z Hi-z Hi-z
Note 1. Itis alternative with Nexus interface. When PBT0.FOP31=0, JTAG ports are enabled. When OPBT0.FOP31=1, Nexus interface is

enabled.
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(6) States of Pins Other than Port Pins
Table 2-31 List of States of Pins Other than Port Pins (1/2)
Immediately
after
BIST for Self- | Releasing the
diagnosis is CPU Core
Pin Name Reset Running from Reset Halt Mode
FLMDO — — — —
FLMD1 — — — —
RESET Low High High High
DCUTRST 1 *1 Operation Operation
DCUEVTO Low Low Operation*2 Operation*?
DCUTDI Hi-z Hi-Z Operation***° | Operation**
DCUTDO*® Hi-Z Hi-Z Operation***° | Operation**
DCUTCK*6 Hi-Z Hi-Z Operation***° | Operation**
DCUTMS*6 Hi-z Hi-z Operation***> | Operation**
DCUTRDY*® | Hi-Z Hi-Z Operation***° | Operation**
ERROROUT™® | Hi-Z Low Low Operable
X1 Operation Operation Operation Operation
X2 Operation Operation Operation Operation

Note 1.For input of the high level to DCUTRST, confirm that the low level is
being output from DCUTRDY and execute the Nexus start-up
sequence beforehand. See Section 25.3 Notes on On-Chip
Debugging.

Note 2.The output on DCUEVTO is at the low level while the internal reset
signal (CPURES) is at the low level. If DCUTRST is set to the high
level, this becomes the output from DCUEVTO.

Note 3.ERROROUT pin is Hi-Z during an external reset and at the low level .
However, the ERROROUT pin is also at the low level during an
external reset in debugging mode.

Note 4.When DCUTRST =L, this is Hi-Z.

Note 5.With development tools (RAM monitor and the like), set DCUTRST to
the high level after DCUTRDY = L.

Note 6.1t is alternative with JTAG ports. When OPBT0.FOP31=0, JTAG ports
are enabled. When OPBT0.FOP31=1, Nexus interface is enabled.
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Table 2-31 List of States of Pins Other than Port Pins (2/2)

Immediately
after

BIST for Self- | Releasing the
diagnosis is CPU Core

Pin Name Reset Running from Reset Halt Mode

ADCAOI1 — — Operable Operable
ADCAQO0I2
ADCAO0I3
ADCAOI4
ADCAOI5
ADCAO0I6
ADCAOI7
ADCAOI8
ADCAO0I9
ADCAO0I10
ADCAOI11
ADCAO0I12
ADCAO0I13
ADCAOI14
ADCAO0I15
ADCAO0I16
ADCAOI17
ADCAO0I18
AVREFOP — —
AVREFOM
AVDDO
AVSS0
VDD
VSS
OSCVDD
OSCVSS
EVDD
EVSS
REGCO — — — —
REGC1
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(7) Pin States under Specified Conditions

1. Port pins are in the Hi-Z state during an external reset in on-chip

debugging mode.
Self-diagnosis BIST is not executed after release from an external reset in

on-chip debugging mode.

2. Pin states in flash memory programming mode are identical to those in

single chip mode.
Self-diagnosis BIST is not executed in flash memory programming mode.
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2.5 Functions of Pull-Up and Pull-Down Resistors

This section describes target pins for pull-up and pull-down resistors.

2.5.1 Details of Pull-Up and Pull-Down Resistors

(1) Pull-Up and Pull-Down Resistors for Port Pins

Table 2-32 List of Pull-Up and Pull-Down Resistors for Port Pins (1/3)

Port
Group Port Alternative Alternative Alternative Alternative Pull-Up Resistor,
Name Name Mode 1 Mode 2 Mode 3 Mode 4 Pull-Down Resistor
PO PO 0 ADCAOTRG2/ | — — URTHORXD/ | Software pull-up
INTP5 INTPO (initial value: off)
PO_1 ADCAOTRG1/ | — — URTHOTXD
INTP4
PO_2 ADCAOTRGO/ | — — URTHOSC
INTP3
PO_3 CLKOUT — — URTHOCTS
P1 P10 NMI/ OSTM10 — TSG2007 Software pull-up
CLKOUT (initial value: off)
P11 TAUJOI0/ — — TSG2001
TAUJOOO0
P1 2 TAUJOI1/ — — TSG2002
TAUJOO1
P1_3 TAUJOI2/ — — TSG2003
TAUJ0O2
P1 4 TAUJOI3/ — — TSG2004
TAUJOO3
P15 — — — TSG2005
P1 6 — — — TSG2006
P17 — CSIGOSI — URTHORXD/
TSG2007/
INTPO
P1 8 TPBOO CSIG0SO — URTHOTXD
P19 — CSIG0SC — URTHOSC
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Table 2-32  List of Pull-Up and Pull-Down Resistors for Port Pins (2/3)

Port
Group Port Alternative Alternative Alternative Alternative Pull-Up Resistor,
Name Name Mode 1 Mode 2 Mode 3 Mode 4 Pull-Down Resistor
P2 P2 0 TAUBOI1/ TAUBOIO/ URTH1SC CSIGORYI Software pull-up
TAUBOO1 TAUBOOO (initial value: off)
P2_1 TAUBOI3/ TAUBOI2/ — CSIG1RYI
TAUBOO3 TAUB0O2
P2 2 TAUBOIS/ TAUBOI4/ TAUB0O10 —
TAUBOOS TAUBOO4
P2_3 TAUBOI7/ TAUBOI6/ TAUB0O12 —
TAUBOO7 TAUB0OO6
P2 4 TAUBOI9/ TAUBOI8/ TAUB0O14 —
TAUBOO9 TAUBOOS8
P2_5 TAUBOI11/ TAUBOI10/ — —
TAUB0O11 TAUB0O10
P2 6 TAUBOI13/ TAUBOI12/ — —
TAUB0O13 TAUB0O12
P2_7 TAUBOI15/ TAUBOI14/ — —
TAUB0O15 TAUB0O14
P3 P3_0 — — URTH1RXD/ | — Software pull-up
INTP1 (initial value: off)
P31 — — URTH1TXD |—
P3 2 — — CSIG1SI —
P3 3 — — CSIG1SO TPBOO
P3 4 — — CSIG1SsC —
P35 — — — INTP2/
FCN1TX
P3 6 — — — FCN1RX/
P4 P4 0 URTH1RXD/ |— FCNOTX — Software pull-up
INTP1 (initial value: off)
P4 1 URTH1TXD TSG20PTSIO/ | FCNORX —
ENCAOEO
P4 2 CSIG1SI TSG20PTSI1/ | — —
ENCAOE1/
OSTM10
P4 3 CSIG1SO TSG20PTSI2/ | URTHICTS |—
ENCAOQOEC/
OSTMOO
P4 4 CSIG1SsC — URTH1RTS | ESOO0/
INTP6/
CSIGORYO
P4 5 — — ADCAOCNV?2 | INTP7/
CSIG1RYO
P4 6 — — ADCAOCNV1 | ESO2/
INTP8
P4_7 NMI — ADCAOCNVO | INTP9
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Table 2-32 List of Pull-Up and Pull-Down Resistors for Port Pins (3/3)

Port
Group Port Alternative Alternative Alternative | Alternative Pull-Up Resistor,
Name Name | Mode 1 Mode 2 Mode 3 Mode 4 Pull-Down Resistor
P5 P5 0 — — URTHORXD/ | — Software pull-up
INTPO (initial value: off)
P5_1 — — URTHOTXD | ADCAOTRGO/
INTP3
P5_2 — INTP2 URTHOSC ADCAOTRG1/
INTP4
P5_3 — ADCAOTRGO/ | URTHOCTS | ADCAOTRG2/
INTP3 INTP5
P8 P8_0 — TAUB0O15 OSTM10 — Software pull-up
(initial value: off)
JPO JP_1 — — — — Software pull-up
(initial value: off)
JP_2 — — — — Software pull-up
(initial value: off)
JP_3 — — — — Software pull-up
(initial value: off)
JP_5 — — — — Software pull-up
(initial value: off)
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(2) Pull-Up and Pull-Down Resistors for Pins Other than Port Pins

Table 2-33 List of Pull-Up and Pull-Down Resistors for Pins Other than Port Pins

(2/2)

Pin Name Pull-Up Resistor, Pull Down Resistor

FLMDO Software pull-up/pull-down
(initial value: pull-down on)

FLMD1 Always pull-down

RESET Always pull-down

DCUTRST Always pull-down

DCUEVTO —

DCUTDI —

DCUTDO Connected to the on-chip pull-up resistor
However, not connected to the pull-up resistor
during DCUTDO output.

DCUTCK Connected to the on-chip pull-up resistor

DCUTMS Connected to the on-chip pull-up resistor

DCUTRDY —

ERROROUT —

X1 —

X2 —
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Table 2-33 List of Pull-Up and Pull-Down Resistors for Pins Other than Port Pins
(2/12)

Pin Name Pull-Up Resistor, Pull Down Resistor

ADCAOI1 Software pull-down
ADCAOI2 (initial value: off)

ADCAOI3
ADCAOI4
ADCAOI5
ADCAOI6
ADCAQI7
ADCAOI8
ADCAOI9
ADCAQI10
ADCAOI11
ADCAO0I12
ADCAQI13
ADCAOI14
ADCAQI15
ADCAQI16
ADCAOI17
ADCAQI18
AVREFOP —
AVREFOM —
AvVDDO —
AVSSO —
VDD —
VSS
OSCvDD
OSCVSS
EVDD
EVSS
REGCO
REGC1
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2.6 PortO
This section describes alternative functions and control registers of port 0.
2.6.1 Alternative Functions
(1) Alternative Functions of Port O
Table 2-34 List of Alternative Functions of Port 0
Control Mode (PMC = 1)
Alternative Mode 1 Alternative Mode 2 Alternative Mode 3 Alternative Mode 4

Port (PFC =0, PFCE = 0) (PFC=1, PFCE=0) (PFC=0,PFCE=1) | (PFC=1,PFCE=1)
Mode Input Output Input Output Input Output Input Output
(PMC=0) |(PM=1) [(PM=0) |(PM=1) |(PM=0) |[(PM=1) |(PM=0) |[(PM=1) |(PM=0)
PO_O INTP5/ — — — — — URTHO —

ADCAOQ RXD/

TRG2 INTPO
PO_1 INTP4/ — — — — — — URTHO

ADCAOQ TXD

TRG1
PO_2 INTP3/ — — — — — URTHOSC | URTHOSC

ADCAO

TRGO
PO_3 — CLKOUT | — — — — URTHO —

CTS
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2.6.2 List of Control Registers

1)

Table 2-35 List of Port 0 Control Registers

Port 0 Control Registers

Name

Bits

Number of

8

32

15

14

13

12

11

10

w

N

PO

PSRO

\/

PPRO

PMO

PMCO

PFCO

PFCEO

PNOTO

PMSRO

PMCSRO

PIBCO

PBDCO

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

PIPCO

PUO

< | 2| < | <=

2

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

1 |0
VA
V|
V|
V|
V|
V|
V|
V|
V|
V|
V|
V|
V|
V|
N
V|
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2.7 Portl
This section describes alternative functions and control registers of port 1.
2.7.1 Alternative Functions
(1) Alternative Functions of Port 1
Table 2-36 List of Alternative Functions of Port 1
Control Mode (PMC = 1)

Alternative Mode 1 Alternative Mode 2 Alternative Mode 3 Alternative Mode 4

(PFC =0, PFCE = 0) (PFC =1, PFCE = 0) (PFC =0, PFCE = 1) (PFC =1, PFCE =1)
Port Mode | Input Output Input Output Input Output Input Output
(PMC=0) |(PM=1) (PM =0) (PM = 1) (PM =0) (PM=1) (PM = 0) (PM=1) (PM =0)
P10 NMI CLKOUT | — 0OSTM10 | — — — TSG2007
P1_1 TAUJOIO TAUJOOO | — — — — — TSG2001
P12 TAUJOI1 TAUJOO1 | — — — — — TSG2002
P1_3 TAUJOI2 TAUJOO2 | — — — — — TSG2003
P14 TAUJOI3 TAUJOO3 | — — — — — TSG2004
P15 — — — — — — — TSG2005
P16 — — — — — — — TSG2006
P17 — — CSIGOSI — — — URTHO TSG2007

RXD/
INTPO
P1 8 — TPBOO CSIG0SO™ | csIGoso | — — — URTHO
TXD
P1_9 — — CSIG0SC CSIGOSC | — — URTHOSC | URTHOSC
Note 1. Corresponds to data consistency checking.
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2.7.2 List of Control Registers

1)

Port 1 Control Registers

Table 2-37 List of Port 1 Control Registers

Name

Bits

Number of

8

32

15

14

13

12

11

10

©

[ee]

~

(o]

o1

i

w

N

(IR
o

P1

PSR1

\/

PPR1

PM1

PMC1

PFC1

PFCE1

PNOT1

PMSR1

PMCSR1

PIBC1

PBDC1

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

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

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

PIPC1

PU1

< | 2| 2| <

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

2

<

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

< | 2| 2| 2| 2] 2| 22| 2| <] 2] 2| 2| 2| 2| 2| 2| <

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

< | 2| 2| 2| 2] 2| 2| 2| <] 2] 2| 2| 2| 2| 2| 2| <

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

2| 2| 2| 2| 2] 2| 22| 2| 2] 2] 22| 2| 2| 2| 2| 2| <

<
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2.8

Port 2

This section describes alternative functions and control registers of port 2.

2.8.1 Alternative Functions
(1) Alternative Functions of Port 2
Table 2-38 List of Alternative Functions of Port 2
Control Mode (PMC = 1)

Alternative Mode 1 Alternative Mode 2 Alternative Mode 3 Alternative Mode 4
Port (PFC=0,PFCE=0) | (PFC=1,PFCE=0) | (PFC=0,PFCE=1) | (PFC=1, PFCE=1)
Mode Input Output Input Output Input Output Input Output
(PMC=0) [(PM=1) |(PM=0) |(PM=1) [(PM=0) |(PM=1) |[(PM=0) [(PM=1) |(PM=0)
P2_0 TAUBOI1 TAUBOO1 | TAUBOIO TAUBOOO | URTH1SC |URTH1SC | CSIGORYIl |—
P2_1 TAUBOI3 TAUBOO3 | TAUBOI2 TAUB0O2 | — — CSIG1RYI |—
P2_2 TAUBOI5 TAUBOO5 | TAUBOI4 TAUB0O4 | — TAUB0O10 | — —
P2_3 TAUBOI7 TAUBOO7 | TAUBOI6 TAUBOO6 | — TAUB0O12 | — —
P2_4 TAUBOI9 TAUBOO9 | TAUBOIS TAUBOO8 | — TAUB0O14 | — —
P2_5 TAUBOI11 | TAUBOO11l | TAUBOI10 | TAUBOO10 | — — — —
P2_6 TAUBOI13 | TAUBOO13 | TAUBOI12 | TAUB0O12 | — — — —
P2_7 TAUBOI15 | TAUBOO15 | TAUBOI14 | TAUB0O14 | — — — —
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2.8.2 List of Control Registers

1)

Table 2-39 List of Port 2 Control Registers

Port 2 Control Register

Name

Bits

Number of

8

32

15

14

13

12

11

10

~

o]

()]

I

w

N

[EEY
o

P2

PSR2

\/

PPR2

PM2

PMC2

PFC2

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

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

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

PFCE2

PNOT2

PMSR2

PMCSR2

PIBC2

PBDC2

2| 2| 2 2| & 2| & 22| & & & | & & & =

PIPC2

PU2

PODC2

4444444444'

4<44<44<44|

<<<<4<<4<<|

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

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

< | 2] 2 2| 2| 2| 2| 2| 22| 2| 2| & 22| 2| 2| <& | 2| =

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

44'

PPROTS2

|
2

PPCMD2

<

2

<

<
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2.9

Port 3

This section describes alternative functions and control registers of port 3.

2.9.1 Alternative Functions
(1) Port 3 Control Registers
Table 2-40 List of Alternative Functions of Port 3
Control Mode (PMC = 1)

Alternative Mode 1 Alternative Mode 2 Alternative Mode 3 Alternative Mode 4

(PFC=0,PFCE=0) | (PFC=1,PFCE=0) | (PFC=0,PFCE=1) | (PFC=1, PFCE =1)
Port Mode | Input Output Input Output Input Output Input Output
(PMC=0) |(PM=1) [(PM=0) |(PM=1) |[(PM=0) |(PM=1) |(PM=0) |[(PM=1) |(PM=0)
P3_0 — — — — URTHIRXD | — — —

/INTP1
P3_1 — — — — — URTH1 — —
TXD
P3_2 — — — — CSIG1SI — — —
P3 3 — — — — CSIG1SO ™ | csIG1SO | — TPBOO
P3_4 — — — — CSIG1SC CsIG1isC | — —
P3_5 — — — — — — INTP2 FCN1TX
P3_6 — — — — — — FCN1RX | —
Note 1. Corresponds to data consistency checking.
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2.9.2 List of Control Registers

1)

Table 2-41 List of Port 3 Control Registers

List of Port 3 Control Registers

Name

Bits

Number of

8

32

15

14

13

12

11

10

(o]

o1

IS

w

N

[EEN
o

P3

PSR3

\/

PPR3

PM3

PMC3

PFC3

PFCES

PNOT3

PMSR3

PMCSR3

PIBC3

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

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

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

PBDC3

< | 2| 2| 2] 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| <

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

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

PIPC3

PU3

< | 2] 2| =<

2

<

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

<

2
<

RO1UHO336EJ0102 Rev.1.02

Jul 17, 2014

RENESAS

Page 96 of 1538



V850E2/PG4-L

Section 2 Port Functions

2.10

Port 4

This section describes alternative functions and control registers of port 4.

2.10.1 Alternative Functions
(1) Alternative Functions of Port 4
Table 2-42 List of Alternative Functions of Port 4
Control Mode (PMC = 1)
Alternative Mode 1 Alternative Mode 2 Alternative Mode 3 Alternative Mode 4
Port (PFC=0,PFCE=0) | (PFC=1,PFCE=0) | (PFC=0,PFCE=1) | (PFC =1, PFCE = 1)
Mode Input Output Input Output Input Output Input Output
(PMC=0) |[(PM=1) |(PM=0) |(PM=1) |(PM=0) |[(PM=1) |(PM=0) |(PM=1) |(PM=0)
P4 0 URTH1 — — — — FCNOTX — —
RXD/
INTP1
P4 1 — URTH1 TSG20 — FCNORX — — —
TXD PTSIO/
ENCAOEO
P4 2 CSIG1SI — TSG20 OSTM10 | — — — —
PTSI1/
ENCAOE1
P4 3 CSIG1SO ™ | CSIG1SO | TSG20 OSTMOO | URTH1 — — —
PTSI2/ CTS
ENCAOEC
P4 4 CSIG1SC CSIG1SC | — — — URTH1 ESO0/ CSIGORYO
RTS INTP6
P4 5 — — — — — ADCAO0 INTP7 CSIG1IRYO
CNV2
P4 6 — — — — — ADCAO0 ESO2/ —
CNV1 INTPS
P4 7 NMI — — — — ADCAO0 INTP9 —
CNVO
Note 1. Corresponds to data consistency checking.
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2.10.2 List of Control Registers

1)

Table 2-43 List of Port 4 Control Registers

Port 4 Control Registers

Number of
Bits
Name 8 |16 |32 |15 |14 |13 [12 |11 |10 7 |6 [5 |4 |3 |2 |1 |0
P4 — N = === |= |- |- ViV NN ANV
PSR4 — =V | === ]=1|- |- ViV N NNV
— === |=|—= ViV NN NNV
PPR4 — N === === |- ViV NN ANV
PM4 — N =|=|= == |- |- ViV N NNV
PMC4 — N == == == |- VAN AN AN NNV A
PFC4 — N === === |- ViV NN ANV
PFCE4 — N == === |- |- VAN NN NNV
PNOT4 — N == == |=|- |- VI AN NN NNV
PMSR4 |— |— |V |— |— |— |— |— |— VNN N ANV
— === |=|— ViV NN ANV
PMCSR4 |— |— [V |— |— |— |— |— |— VAN NN NNV
— === |=|— ViV N NNV
PIBC4 — N === |=|=|= |- NN N N AN AN
PBDC4 — N == == |=|- |- VAN NN NNV
PIPC4 — | N === == |= |- — == N |=|=|=
PU4 — N == == |=|- |- VAN NN NNV A
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2.11 Port5
This section describes alternative functions and control registers of port 5.
2.11.1 Alternative Functions
(1) Alternative Functions of Port 5
Table 2-44 List of Alternative Functions of Port 5
Control Mode (PMC = 1)
Alternative Mode 1 Alternative Mode 2 Alternative Mode 3 Alternative Mode 4
Port (PFC=0,PFCE=0) | (PFC=1,PFCE=0) | (PFC=0,PFCE=1) | (PFC=1, PFCE=1)
Mode Input Output Input Output Input Output Input Output
(PMC=0) [(PM=1) |(PM=0) |(PM=1) [(PM=0) |(PM=1) |[(PM=0) [(PM=1) |(PM=0)
P5 0 — — — — URTHO — — —
RXD/
INTPO
P51 — — — — — URTHO ADCAO —
TXD TRGO/
INTP3
P5 2 — — INTP2 — URTHOSC | URTHOSC | ADCAO —
TRG1/
INTP4
P5_3 — — ADCAO — URTHO — ADCAO —
TRGO/ CTS TRG2/
INTP3 INTPS
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2.11.2 List of Control Registers

1)

Table 2-45 List of Port 5 Control Registers

Port 5 Control Registers

Name

Bits

Number of

8

32

15

14

13

12

11

10

P5

PSR5

\/

PPR5

PM5

PMC5

PFC5

PFCES

PNOT5

PMSR5

PMCSR5

PIBC5

2| 2] 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| »w

PBDC5

PIPC5

PU5

< | 2| 2| <

<

2 1 0
VY
" EE
VvV
TR
R
VvV
vV
R
VN
Vv
vV N
VN
Vv
vV |N
N R
v = [=
vV N
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2.12 Port8

This section describes alternative functions and control registers of port 8.

2.12.1 Alternative Functions
(1) Alternative Functions of Port 8

Table 2-46 List of Alternative Functions of Port 8

Control Mode (PMC = 1)

Alternative Mode 1 Alternative Mode 2 Alternative Mode 3 Alternative Mode 4
(PFC =0, PFCE = 0) (PFC =1, PFCE =0) (PFC =0, PFCE =1) (PFC =1, PFCE =1)

Port Mode | Input Output Input Output Input Output Input Output
(PMC=0) [(PM=1) |(PM=0) |(PM=1) ((PM=0) |(PM=1) [((PM=0) |(PM=1) |[(PM=0)
P8_0 — — — TAUB0O15 | — OSTM10 | — —

2.12.2 List of Control Registers
(1) Port 8 Control Registers

Table 2-47 List of Port 8 Control Registers

Number of
Bits

Name 8 |16 |32 |15 |14 |13 |12 |11 |10 |9 |8 |7 |6 |5 |4 |3 (2 |1 |oO
P8 — N == === |=|=|=|=|=|=|=|=|=|-|—-|N
PSR8 — =1V === === 1=|=|=|=|=|=|=|=|= |V

—— = = == Tl=1=1=1=1=1=1=1T=1=1+
PPRS — N = === === |1=|=|=|=|=|=|=|=|—= |V
PM8 — N = === === 1=|=|=|=|=|=|=|=|= |V
PMC8 — N === |=|=|=|=|=|=|=|=-|=|=|-|-|=|N
PFC8 — N = === === |1=|=|=|=|=|=|=|=|= |V
PFCES — N = === === 1=|=|=|=|=|=|=|=|= |V
PNOTS — N === |=|=|=|=|=|=|=|=-|=|=|-|-|= |
PMSR8 — =N === === |=|=|=|=|=|=|=|=|= |V

—— = = == T=1=1=1=1=1=1=1T=1=1+
PMCSR8 |— |— |V |[— |— |[— |—=|—=|—=|—=|=|—=|—=|—=|—=|—=|—|—[Y

o T === 1= 1=1=T1=1=1=1~
PIBCS — N = === === 1=|=|=|=|=|=|=|=|= |V
PBDCS — N === |=|=|=|=|=|=|=|=-|=|=|-|-|= |
PU8 — N = === === |=|=|=|=|=|=|=|=|= |V
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2.13

2.13.1

)

2.13.2

Table 2-48 List of JTAG Port 0 Control Registers

)

JTAG Port O

This section describes alternative functions and control registers of JTAG port

0.

Alternative Functions

Alternative Functions of JTAG Port 0

The JTAG port 0 has no any alternative function pin.

List of Control Registers

JTAG Port 0 Control Registers

Number of
Bits

Name 8 |16 [32 |15 |14 |13 [12 |11 |10 5 3 (2 |1 |o
JPO N == |=|=|-|-|- |- V SR IRV RV
JPSRO e el L e e e e e v A O A

— === | |— v N A A
JPPRO N == |=|=|-|-|- |- V N N Y =
JPMO N e e e e e e e v A O A
JPNOTO Vi === |=|=|=|- |- V N VA VA
JPMSRO e e A e e e e e v N I B

— === |— |- v N A A
JPIBCO Vi i—|=|=|=|=|- |- |- v N O A
JPUO N == |=|=|-|-|- |- V U RV RV
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2.14 Cancelling Noise on Pins

This section describes the noise-filtering insertion pin, filter groups, noise-
cancellation sampling clock, and control registers.

2.14.1 Details of Noise Cancellation

(1) Digital Filter Function
The input signal is sampled with the sampling frequency fs.

If the input is sampled at the same level in a specified number of successive
samples, the signal level is judged as valid and the filter output signal is
changed accordingly.

If the external signal level changes within the specified number of samples (at
the same level), the new signal level is judged to be noise-or a spike—and the
level of the output signal from the filter does not change.

The length of an external signal pulse to be judged as noise depends on the
sampling frequency and the specified number of same level samples.

Both parameters can be specified.

 DNFANCTL.DNFANPRSJ[2:0] allows to select the sampling frequency to
fs = fonparcki / 9DNFANPRS[2:0]
where fonpaTck) IS the frequency of the DNFATCKI clock.

* DNFANCTL.DNFANNFSTS[1:0] specifies the number (2 to 5) of same level
samples.

External signal pulses shorter than.
(DNFANNFSTS[1:0] -1) x 1/fs

Caution If noise is sampled as the same level over the specified number of successive
samples, the noise will not be cancelled.

External signal pulses longer than
DNFANNFSTS[1:0] x 1/fs

are always judged to be valid and passed on to the filter output.

External signal pulses with a width between
(DNFANNFSTS[1:0] — 1) x 1/fs and DNFANNFSTS[1:0] x 1/fs

may be eliminated or judged to be valid.
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(2) Noise Filter Insertion Pins and Filter Groups

Table 2-49 List of Noise Filter Insertion Pins and Filter Groups (1/2)

Port Group Filter Insertion
Name Port Pin Pin Filter Group
PO PO_0O INTPO DNF_INTP-GO
INTPS DNF_INTP-G1
ADCAOTRG2 ADTRG
PO_1 INTP4 DNF_INTP-G1
ADCAOTRG1 ADTRG
PO_2 INTP3 DNF_INTP-G1
ADCAOTRGO ADTRG
P1 P10 NMI DNF_NMI-GO
P11 TAUJOIO DNF_TAUJO-GO
P1_2 TAUJOI1 DNF_TAUJO-GO
P1_3 TAUJOI2 DNF_TAUJO-GO
P1_4 TAUJOI3 DNF_TAUJO-GO
P17 INTPO DNF_INTP-GO
P2 P2_0 TAUBOIO DNF_TAUBO-GO
TAUBOI1 DNF_TAUBO-GO
CSIGORYI DNF_CSI-GO0
P2_1 TAUBOI2 DNF_TAUBO-G1
TAUBOI3 DNF_TAUBO-G1
CSIG1RYI DNF_CSI-GO
P2_2 TAUBOI4 DNF_TAUBO-G2
TAUBOI5 DNF_TAUBO-G2
P2_3 TAUBOI6 DNF_TAUBO-G3
TAUBOI7 DNF_TAUBO-G3
P2_4 TAUBOI8 DNF_TAUBO-G3
TAUBOI9 DNF_TAUBO-G3
P2_5 TAUBOI10 DNF_TAUBO-G5
TAUBOI11 DNF_TAUBO-G5
P2_6 TAUBOI12 DNF_TAUBO-G5
TAUBOI13 DNF_TAUBO-G5
P2_7 TAUBOI14 DNF_TAUBO-G5
TAUBOI15 DNF_TAUBO-G5
P3 P3_0 INTP1 DNF_INTP-GO
P3_5 INTP2 DNF_INTP-GO
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Table 2-49 List of Noise Filter Insertion Pins and Filter Groups (2/2)

Port Group Filter Insertion
Name Port Pin | Pin Filter Group
P4 P4 0 INTP1 DNF_INTP-GO
P4 1 TSG20PTSIO/ DNF_TSG20-G0
ENCAOEO
P4_2 TSG20PTSI1/ DNF_TSG20-GO
ENCAOE1
P4 3 TSG20PTSI2/ DNF_TSG20-G1
ENCAOQOEC
P4 4 ESOO ESO
INTP6 DNF_INTP-G2
P4_5 INTP7 DNF_INTP-G2
P4_6 ESO2 ESO
INTP8 DNF_INTP-G2
P4 7 NMI DNF_NMI-GO
INTP9 DNF_INTP-G2
P5 P50 INTPO DNF_INTP-GO
P51 INTP3 DNF_INTP-G1
P5_2 INTP2 DNF_INTP-GO
INTP4 DNF_INTP-G1
P5_3 INTP3 DNF_INTP-G1
INTP5 DNF_INTP-G1
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(3) Noise Filter Insertion Pins and Filter Groups for

Table 2-50 List of Filter Insertion Pins and Filter Groups for Pins Other than Port

Pin Name Filter Insertion Pin Filter Group

FLMDO FLMDO FLMDO

FLMD1 FLMD1 FLMD1

RESET RESET RESET

DCUTRST DCUTRST DCUTRST
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(4) Noise-Cancelling Intervals and Sampling Clock for Noise Cancellation

Table 2-51 List of Noise-Cancelling Intervals and Sampling Clock for
Noise Cancellation (1/2)

Noise-Cancelling
Intervals and
Sampling Clock for
Noise Cancellation
Type (Analog or (Clock Selection
Filter Group Function Block Target Pin Digital) Group)
RESET RESET RESET Analog filter Min. 100 ns,
DCUTRST Nexus DCUTRST Max. 500 s
FLMDO, FLMD1 MODE FLMDO, FLMD1 Min. 50 ns,
ESO TAPA ESOO Max. 250 ns
ESO2
DNF_NMI-GO NMI NMI Digital filter <INTP group>
DNF_INTP-GO INTC INTPO g igtE/Z
INTP1
INTP2
DNF_INTP-G1 INTP3
INTP4
INTP5
DNF_INTP-G2 INTP6
INTP7
INTP8
INTP9
DNF_TAUBO-GO TAUBO TAUBOIO Digital filter <TAUBO group>
pro
DNF_TAUBO-G1 TAUBOI2 3) TAUBO chO CKEN
TAUBOI3
DNF_TAUBO-G2 TAUBOI4
TAUBOI5
DNF_TAUBO-G3 TAUBOI6
TAUBOI7
TAUBOI8
TAUBOI9
DNF_TAUBO-G5 TAUBI10
TAUBOI11
TAUBOI12
TAUBOI13
TAUBOI14
TAUBOI15
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Table 2-51 List of Noise-Cancelling Intervals and Sampling Clock for
Noise Cancellation (2/2)

Noise-Cancelling
Intervals and
Sampling Clock for
Noise Cancellation
Type (Analog or (Clock Selection
Filter Group Function Block Target Pin Digital) Group)
DNF_TAUJO-GO TAUJO TAUJOIO Digital filter <TAUJO group>
TAUJOI1 1) PCLK
2) PCLK/2
TAUJOI2 3) TAUJO chO CKEN
TAUJOI3
DNF_TSG20-GO TSG20 TSG20PTSIO0/ Digital filter <TSG2,ENC group>
ENCAOEO 1) PCLK
TSG20PTSI1/ 2) PCLK/2
ENCAOE1
DNF_TSG20-G1 TSG20PTSI2/
ENCAOEC
DNF_CSI-GO CSIGO CSIGORY!I <CSlgroup>
1) PCLK
CSIG1 CSIG1RYI 2) PCLK/2

Register addresses

Table 2-52

Addresses of control registers for controlling the digital noise filter are given as
the respective offsets from the base address indicated by <DNFn_base>.

The register base address for the various registers, i.e. <DNFn_base>, is

given below.

Base Address <DNFn_base> of Control Registers for Controlling the
Digital Noise Filter

<DNFn_base> Address

FF41 00004
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2.14.2 Control Registers

The following registers control and run the digital noise filter.

Table 2-53 The List of Registers for the Digital Noise Canceller

Register Function Name Address
Digital noise canceller control register DNFANCTL <DNFn_base> + n x 100y
Digital noise canceller enable register DNFANEN <DNFn_base> + n x 100y + 4
Digital noise canceller enable register L | DNFAnENL <DNFn_base> + n x 1004 + Cy
Digital noise filter sampling clock control DNFSCTL FF4200344
register
n=0to 36

Caution1. Do not change the settings of associated control registers (the DNFANCTL,
DNFANREN, DNFSCTL registers) while DNFANEN.DNFANNFENm = 1, which
enables the digital filter. Changing the settings can lead to the filter generating
unanticipated output.

Caution 2. Many registers include bits to which no function has been allocated. Unless
there is a specific indication to the contrary, do not write values other than the
initial values to such bits. Operation is not guaranteed if other values are set in
these bits.
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(1)
Access

Address

Initial value

Table 2-54

DNFANCTL - Digital Noise Canceller Control Register

This register is used to select the sampling clock for the digital noise canceller.
Readable and writable in 8-bit units.

Refer to Table 2-53, The List of Registers for the Digital Noise Canceller.

00y

7 6 5 4 3 2 1 0

0 DNFANNFSTS[1:0] | 0 0 DNFANPRS[2:0] |

R/W R/W R/W R/W R/W R/W R/W R/W

Contents of Register DNFAnNCTL

Bit Position | Bit Name Function

6,5 DNFAN Number of samples at the same level for judgment to
NFSTS[1:0] validate or invalidate an external pulse

00: Two

01: Three

10: Four

11: Five

2t00 DNFAN Digital filter sampling clock selection
PRS[2:0]
000: DNFATCKI /1
001: DNFATCKI /2
010: DNFATCKI / 4
011: DNFATCKI /8
100: DNFATCKI/ 16
101: DNFATCKI / 32
110: DNFATCKI / 64
111: DNFATCKI / 128

DNFATCKI is the clock signal selected in the
DNFSCTL register.
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Table 2-55 List of DNFANCTL registers

Register Name/

Address Filter Group Target Pin

DNFAOCTL DNF_NMI-GO NMI

FF410000

DNFA1CTL DNF_INTP-GO INTPO, INTP1, INTP2

FF410100

DNFA2CTL DNF_INTP-G1 INTP3, INTP4, INTP5

FF410200

DNFA3CTL DNF_INTP-G2 INTPG6, INTP7, INTPS,

FF410300 INTPY

DNFA4CTL DNF_TAUBO-GO TAUBOIO, TAUBOI1

FF410400

DNFA5CTL DNF_TAUBO-G1 TAUBOI2, TAUBOI3

FF410500

DNFAG6CTL DNF_TAUBO-G2 TAUBOI4, TAUBOI5

FF410600

DNFA7CTL DNF_TAUBO-G3 TAUBOI6, TAUBOI7

FF410700 TAUBOI8, TAUBOI9

DNFA9SCTL DNF_TAUBO-G5 TAUBOI10, TAUBOI11

FF410900 TAUBOI12, TAUBOI13
TAUBOI14, TAUBOI15

DNFA20CTL DNF_TAUJO-GO TAUJOIO, TAUJOI1

FF411400 TAUJOI2, TAUJOI3

DNFA28CTL DNF_TSG20-G0 TSG20PTSIO/ENCAOEO

FF411C00 TSG20PTSI1/ENCAOE1

DNFA29CTL DNF_TSG20-G1 TSG20PTSI2/ENCAQEC

FF411D00

DNFA36CTL DNF_CSI-GO CSIGORYI, CSIG1RYI

FF412400
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(2)
Access

Address

Initial value

Table 2-56

DNFANEN - Digital Noise Canceller Enable Register

This register specifies enabling and disabling of the digital noise cancellers.
Readable and writable in 16-bit units.

Refer to Table 2-53, The List of Registers for the Digital Noise Canceller.
00004

15 14 13 12 11 10 9 8

DNFANNFEN[15:8]

R/W R/W R/W R/W R/W R/W R/W R/W

7 6 5 4 3 2 1 0

DNFANNFEN[7:0]

R/W R/W R/W R/W R/W R/W R/W R/W

DNFANEN Register Contents

Bit Position | Bit Name Function

15t0 0 DNFANNFEN | Each bit enables or disables digital noise cancellation
[15:0] for the signal on the corresponding pin.
+ DNFAOEN to DNFA3EN registers
If the NMI or INTPO to INTP9 is in use, set the
corresponding bit to 1.
- DNFAOEN.DNFAONFENIJO] bit
- DNFA1EN.DNFA1INFEN][2-0] bits
- DNFA2EN.DNFA2NFEN[2-0] bits
- DNFA3EN.DNFA3NFEN[3-0] bits

» DNFAZ2EN register
If the ADCAOTRGO, ADCAOTRGL, or
ADCAOTRG2 multiplexed function is in use, set
the corresponding bit to 0.

- DNFA2EN.DNFA2NFEN[2-0] bits

« DNFA3EN register
If any of the ESO0, ESO2 multiplexed functions is
in use, set the corresponding bit to 0.

- DNFA3EN.DNFA3NFEN[2, 0] bits

« DNFA4EN to DNFA36EN registers

0:Digital noise cancellation is disabled.
1:Digital noise cancellation is enabled.
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Caution1. When writing to DNFANEN registers, be sure to write 0 to
DNFANEN.DNAFnENmMm bits for which “0” is the entry as shown in Table 2-57,
List of DNFANEN Registers. Operation is not guaranteed if any such bit is set
to 1.

Caution 2.  When the output signal from the digital filter is set to an input for an alternative
function, allow at least the following interval to elapse after the digital filter is
enabled (DNFANEN.DNFANNFENm = 1) for the port pin to switch to the
alternative function.

DNFAnNFSTS[lO] x 1/fs + 4 x 1/fDNFATCK|

Caution 3. When a digital filter is used with an interrupt acting as an event output signal,
only enable the digital filter (by setting DNFANEN.DNFAnNNFENmM = 1) while
interrupts are disabled. Furthermore, only enable interrupts after enabling the
digital filter, waiting for the time below to elapse, and then clearing the interrupt
request flag.

DNFAnNFSTS[lO] x 1/fs + 5 x 1/fDNFATCK|

Table 2-57 List of DNFAnEN Registers

Register
Name,
Address 15|14 (13 (12 (11 |10 | 9 8 7 6 5 4 3 2 1 0
DNFAOEN o (o Jo (o |0 O |O O |O |O |O 0 0 0 0 DNFAONFEN
FF410004 O(NMI)
DNFA1EN 0 0 0 0 0 0 0 0 0 0 0 0 0 DNFAINFEN DNFAINFEN DNFALINFEN
FF410104 2(INTP2) 1(INTP1) O(INTPO)
DNFA2EN 0 0 0 0 0 0 0 0 0 0 0 0 0 DNFA2NFEN DNFA2NFEN DNFA2NFEN
FF410204 2 (INTP5/ 1(INTP4/ 0 (INTP3/
ADCAOTRG2) | ADCAOTRG1) | ADCAOTRGO)
DNFA3EN 0 0 0 0 0 0 0 0 0 0 0 0 DNFA3NFEN DNFA3NFEN DNFA3NFEN DNFA3NFEN
FF410304 3 (INTP9) 2 (ESO2, 1 (INTP7) 0 (ESOo0,
INTP8) INTP6)
DNFA4EN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 DNFA4NFEN DNFA4NFEN
FF410404 1 (TAUBOI1) | O (TAUBOIO)
DNFASEN o (o Jo (o |0 O |O O |O |O |O 0 0 0 DNFASNFEN | DNFASNFEN
FF410504 1 (TAUBOI3) 0 (TAUBOI2)
DNFAGEN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 DNFAGNFEN DNFAGNFEN
FF410604 1 (TAUBOI5) 0 (TAUBOI4)
DNFA7EN 0 0 0 0 0 0 0 0 0 0 0 0 DNFA7NFEN DNFA7NFEN DNFA7NFEN DNFA7NFEN
FF410704 3 (TAUBOI9) 2 (TAUBOIS) 1 (TAUBOI7) | 0 (TAUBOI6)
DNFA9EN o (oo (0o |0 (O |O (O |O |O DNFAINFEN | DNFAONFEN | DNFAONFEN | DNFAONFEN | DNFAONFEN | DNFAONFEN
FF410904 5 (TAUBOI15) | 4 (TAUBOI14) | 3 (TAUBOI13) | 2 (TAUBOI12) | 1 (TAUBOI11l) | O (TAUBOI10)
DNFA20EN 0 0 0 0 0 0 0 0 0 0 0 0 DNFA20NFE DNFA20NFE DNFA20NFE DNFA20NFE
FF411404 N3 (TAUJOI3) | N2 (TAUJOI2) | N1 (TAUJOI1) | NO (TAUJOIO)
DNFA28EN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 DNFA28NFE DNFA28NFE
FF411C04 N1 NO

(TSG20PTSI1 | (TSG20PTSIO
JENCAOE1) | /ENCAOEO)

DNFA29EN | O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 DNFA29NFE

FF411D04 NO
(TSG20PTSI2
/ENCAOEC)

DNFA36EN | O 0 0 0 0 0 0 0 0 0 0 0 DNFA36NFE DNFA36NFE 0 0

FF412404 N3 N2

(CSIGIRYl) | (CSIGORYI)
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(3) Digital Noise Canceller Enable Register L
This register is the 8 lower-order bits of DNFANEN register.
Access This register is readable/writable in 8 or 1-bit units.
Address Refer to Table 2-53, The List of Registers for the Digital Noise Canceller.

Initial value 00y

7 6 5 4 3 2 1 0
DNFANNFEN[7:0]
RIW RIW RIW RIW RIW RIW RIW RIW

For details of each bit operation, see DNFANEN register.
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(4) Digital Noise Filter Sampling Clock Control Register
This register selects the digital noise filter sampling clock.
Access Readable and writable in 16-bit units.
Address Refer to Table 2-53, The List of Registers for the Digital Noise Canceller.
Initial value 00004
15 14 13 12 11 10 9 8
0 DNFSCKSL6[1:0] | 0 0 DNFSCKSL4[1:0] |
R/W R/W R/W R/W
6 5 4 3 2 1 0
0 0 DNFSCKS 0 DNFSCKS 0 DNFSCKS
L20 L10 LOO
R R R/W R R/W R R/W

Table 2-58 DNFSCTL Register Contents

Caution

Bit Position | Bit Name Function
13,12 DNFSCKSL Selects the sampling clock of the TAUJO group.
61, 60 00: PCLK
01: PCLK/2
10: TAUJO chO CKEN signal
11: Setting prohibited
9,8 DNFSCKSL Selects the sampling clock of the TAUBO group.
41, 40 00: PCLK
01: PCLK/2
10: TAUBO chO CKEN signal
11: Setting prohibited
4 DNFSCKSL Selects the sampling clock of the CSI group.
20 0: PCLK
1: PCLK/2
2 DNFSCKSL Selects the sampling clock of the TSG2 group.
10 0: PCLK
1: PCLK/2
0 DNFSCKSL Selects the sampling clock of the INTP group.
00 0: PCLK

1: PCLK/2

Only set this register while the operation of the corresponding DNF is not
enabled. Operation cannot be guaranteed if these settings are made while the
operation of a corresponding DNF is enabled.
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2.15 Edge Detection
This section the pins and control registers used with edge detection.
2.15.1 Details of Edge Detection
(1) Pins for Use in Edge Detection
Table 2-59 List of Pins for Use in Edge Detection
Target Pin Control Register Name
NMI FCLAOCTLO
INTPO FCLA1CTLO
INTP1 FCLAL1CTL1
INTP2 FCLA1CTL2
INTP3 FCLA1CTL3
INTP4 FCLAL1CTL4
INTP5 FCLAL1CTL5
INTP6 FCLA1CTL6
INTP7 FCLA1CTL7?
INTP8 FCLA2CTLO
INTP9 FCLA2CTL1
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2.15.2 Control Register

(1) FCLANCTLm-Filter Control Register

This register specifies operation of the edge detection function.

Access Readable and writable in 8-bit units.
Address Refer to Table 2-61, List of FCLANCTLm Registers.

Initial value 00y

7 6 5 4 3 2 1 0
FCLAn | FCLANn

0 0 0 0 0 0 INTFm | INTRm

R R R R R R R/W R/W

Table 2-60 FCLANCTLm Register Contents

Bit Position | Bit Name Function

1 FCLANINTFm | Controls falling edge detection of the input signal
0: Falling edge detection disabled
1: Falling edge detection enabled

0 FCLANINTRm | Controls rising edge detection of the input signal
0: Rising edge detection disabled
1: Rising edge detection enabled

Note If FCLAnINTFm = 0 and FCLANINTRm = 0, no edge detection is done.
If FCLANINTFm =1 and FCLANINTRm = 1, both edges are recognized as
valid.

Table 2-61 List of FCLANCTLm Registers

Generated
FCLAN Register Name Register Address Interrupt
FCLAO FCLAOCTLO FF414000 NMI
FCLA1 FCLA1CTLO FF414100 INTPO
FCLA1CTL1 FF414104 INTP1
FCLA1CTL2 FF414108 INTP2
FCLA1CTL3 FF41410C INTP3
FCLAL1CTL4 FF414110 INTP4
FCLA1CTL5 FF414114 INTPS
FCLA1CTL6 FF414118 INTP6
FCLA1CTL7 FF41411C INTP7
FCLA2 FCLA2CTLO FF414200 INTP8
FCLA2CTL1 FF414204 INTP9

Caution Many registers include bits to which no function has been allocated. Unless
there is a specific indication to the contrary, do not write values other than the
initial values to such bits. Operation is not guaranteed if other values are set in
these bits.
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Section 3 CPU System Function

This section describes the registers of the CPU, the operation modes, the
address space and the memory areas.

For details on the functions of the CPU, refer to manuals as indicated below.

Table 3-1 Descriptions of CPU Functions

V850E2M
Architecture
Function (RO1USO0001E) | This Manual
V850E2 CPU (including instruction set) N -
Processor protection functions \ -
(MPU, SRP, PPU, TSU)
DMA controller (DMAC) - v
Interrupt controller (INTC) - N
Code flash/data flash memory - N
On-chip RAM - d
3.1 Overview
CPU « Core architecture: V850E2M architecture class
* Instruction execution times:
Minimum Instruction

Device Execution Time Maximum CPU Clock
uPD70F4154 12.5ns 80 MHz
nPD70F4155 12.5ns 80 MHz

* Internal 32-bit architecture

» 7-stage pipeline

» 32 x 32-bit general purpose registers

» 2-way superscalar

* Memory space:

— 512-Mbyte linear program space
— 4-Gbhyte linear data space
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* Flash and cache:
— 8 Kbytes, 2-way associative (4 Kbytes per way)
* Interrupt controller (INTC)
» DMA controller (DMAC)
» Processor protection functions

— Memory protection unit (MPU)
Protection against illegal execution from or data manipulation of CPU
memory areas (up to 5 areas in instruction space, up to 6 areas in data
space)

— System register protection (SRP)
Protection against damage to the system registers by a non-trusted
programs

— Peripheral protection unit (PPU)
Protection against illegal access to peripheral modules

— Timing supervision unit (TSU)
Protection against inappropriate CPU time possession by a non-trusted
program, and resources and time of disabling interrupts can be managed

Instruction set + V850E2 instruction set compatible to former V850 instruction sets plus
additional powerful instructions for reduced code size and increasing
execution speed

» Signed multiplication operations in 1 clock
— 16 bits x 16 bits — 32 bits
— 32 bits x 32 bits — 32 bits or 64 bits
— 32 bits x 32 bits — 64 bits
» Saturated operation instructions with overflow/underflow detection
» 32-bit shift instructions in 1 clock
» Bit manipulation instructions (SET1, CLR1, NOT1, TST1)
» Load/store instructions with long/short format
* Signed load instructions

» MAC operation
32 bits x 32 bits + 64 bits — 64 bits
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3.1.1 Peripheral Protection Unit

PPU base address The addresses of the peripheral protection unit registers described in the
“V850E2M Architecture Manual (RO1USO001E)” are given as offset
addresses. The base address is as follows:

<PPU_base> = FFFF 5100y

PPU areas and The control registers for each protected area comprise 4 registers.
registers PPVn — Validating general peripheral device protection

» PPTn - Specification protection type of general peripheral device

» PPPn — Specification of OS peripheral device

» PPSn — Specification of special peripheral device

These registers are numbered with n = 0 to 8.

The bits in these 32-bit wide registers are named with m = 0 to 31.

* PPVNn.PPVNmM

* PPTNn.PPTNmM

* PPPn.PPPnm

* PPSn.PPSnm

The protected address ranges, their control registers and bits and the modules
in the respective address are listed in Table 3-2, PPU Protected Areas and
Modules.

Table 3-2 PPU Protected Areas and Modules (1/4)

Protection Control
Registers Bits
Protection | PPVn, PPTn, | PPVnm, PPTnm,
Range PPPn, PPSn | PPPnm, PPSnm
Size n= m = Module Name Address Range
1120 B 0 0 INTC FFFF 6000y - FFFF 645F
4B 3 System error FFFF 64B0y - FFFF 64B34
1024B 16 TSU/PPU FFFF 50004 - FFFF 53FFy4
256 B 23 DMAC FFFF 7300y - FFFF 73FFy4
256 B 24 FFFF 7400 - FFFF 74FFy
512 B 28 FFFF 7B00y - FFFF 7CFFy
512B 29 FFFF 7D00y - FFFF 7EFFy
64 KB 1 0 Port Pnm control FF40 0000y - FF40 FFFFy
1 Port filters control FF41 0000y - FF41 FFFFy
2 Clock generator FF42 0000y - FF42 FFFFy
Reset controller
3 Code flash ECC FF43 0000y - FF43 FFFFy
Data flash access wait
FLMD control
4 Port JPmn control FF44 0000y - FF44 FFFFy
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Table 3-2 PPU Protected Areas and Modules (2/4)

Protection Control
Registers Bits
Protection | PPVn, PPTn, | PPVnm, PPTnm,
Range PPPn, PPSn | PPPnm, PPSnm
Size n= m = Module Name Address Range
64 KB 1 5 POF/LVI control FF45 0000y - FF45 FFFFy
PBUS error/access control
6 FCN, on-chip RAM FF46 0000y - FF46 FFFFy
ECC
7 Optional byte FF47 0000y - FF47 FFFFy
Product information
8 FCNO FF48 0000y - FF48 FFFFy
FF49 0000y - FF49 FFFFy
10 FCN1 FF4A 0000y - FF4A FFFFy4
11 FF4B 0000y - FF4B FFFFy
28 UARTHO FF5C 0000y - FF5C FFFFy
29 UARTH1 FF5D 0000y - FF5D FFFFy
64 KB 2 16 CSIGO FF70 0000y - FF70 FFFFy
17 CSIG1 FF71 0000y - FF71 FFFF
4 KB 3 0 OSTMO FF80 0000y - FF80 OFFFy
1 OSTM1 FF80 1000y - FF80 1FFFy
2 CLMAO FF80 20004 - FF80 2FFF4
3 CLMA1 FF80 3000y - FF80 3FFFy
4 CLMA2 FF80 4000y - FF80 4FFFy
6 WDTAO FF80 6000y - FF80 6FFF4
8 TAUBO FF80 8000y - FF80 8FFFy
17 TAUJO FF81 1000y - FF81 1FFFy
21 TAPAO FF81 50004 - FF81 5FFF4
23 TAPA2 FF81 70004 - FF81 7FFFy
25 ENCAO FF81 9000y - FF81 9FFFy
28 PIC function FF81 CO00y - FF81 CFFFy
29 ADCAO FF81 D000y - FF81 DFFF4
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Table 3-2 PPU Protected Areas and Modules (3/4)

Protection Control
Registers Bits
Protection | PPVn, PPTn, | PPVnm, PPTnm,
Range PPPn, PPSn | PPPnm, PPSnm
Size n= m = Module Name Address Range
4 KB 4 14 TSG20 FF82 E000y - FF82 EFFFy
18 TPBAO FF83 2000y - FF83 2FFFy
22 DCRAO FF83 60004 - FF83 6FFF4
23 DCRA1 FF83 70004 - FF83 7FFFy
25 BRGAO FF83 9000y - FF83 9FFFy
26 INTC FF83 A00Oy - FF83 AFFFy
27 Self-diagnosis BIST FF83 BO0O - FF83 BFFFy
28 SGA FF83 C000y - FF83 CFFFy
29 FF83 D000y - FF83 DFFFy
30 FF83 E000y, - FF83 EFFFy
31 OSTM input clock select FF83 FOO00y - FF83 FFFFy
SGA error pulse output control
Backup RAM registers
On-chip RAM resumption—
standby control register
256 B 5 0 Port FFFF 8000y - FFFF 80FFy
1 FFFF 8100y - FFFF 81FF
2 FFFF 8200y, - FFFF 82FF
3 FFFF 8300y - FFFF 83FFy
4 FFFF 8400y - FFFF 84FF
5 FFFF 85004 - FFFF 85FF4
6 FFFF 8600y - FFFF 86FFy
7 FFFF 8700y - FFFF 87FF
8 FFFF 8800y, - FFFF 88FF
9 FFFF 8900y - FFFF 89FFy
256 B 7 0 OSTMO FFFF C000y - FFFF COFFy
1 OSTM1 FFFF C1004 - FFFF C1FFy
2 TAUJO FFFF C2004 - FFFF C2FFy
4 TAUBO FFFF C4004 - FFFF C4FFy
5 FFFF C5004 - FFFF C5FFy
6 FFFF C600y - FFFF C6FFy
7 FFFF C7004 - FFFF C7FFy4
12 TSG20 FFFF CCO00y, - FFFF CCFFy
20 TAPAO FFFF D400y - FFFF DAFFy
22 TAPA2 FFFF D600y - FFFF D6FFy
24 ENCAO FFFF D800y - FFFF D8FFy
27 PIC function FFFF DBOOy - FFFF DBFF4
28 ADCAO FFFF DCOOy - FFFF DCFFy
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Table 3-2 PPU Protected Areas and Modules (4/4)

Protection Control
Registers Bits
Protection | PPVn, PPTn, | PPVnm, PPTnm,
Range PPPn, PPSn | PPPnm, PPSnm
Size n= m = Module Name Address Range
256 B 8 4 CSIGO FFFF E400y - FFFF E4FFy
5 CsIG1 FFFF E500 - FFFF E5FFy
10 UARTHO FFFF EAOOy - FFFF EAFF
11 UARTH1 FFFF EBOOy - FFFF EBFFy
16 TPBAO FFFF FOOOy - FFFF FOFFy
17 FFFF F100y - FFFF F1FFy
26 DCRAO FFFF FAOOy - FFFF FAFF
30 Baud-rate detection in FFFF FEOOy - FFFF FEFFy
operation as a slave device for
LIN communications
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3.1.2

@)

3.1.3

TSU base address

Important Reminders

Please be aware of the following points regarding functions as described in the
V850E2M Architecture Manual (ROLUSO001E).

Branching Instructions and Loading Instructions

When a branching instruction and a loading instruction are consecutive in
memory, parallel execution of the pipelines means that the loading instruction
which immediately follows the branching instruction is executed (but discarded
by the CPU) even if the preceding instruction leads to a branch.

An ECC error occurs if the loading instruction that immediately follows the
branching instruction is in an area of on-chip RAM that is not initialized (this
does not apply when the loading instruction is in the flash area).

Applicable branching instructions are Bcond, JARL, JMP, and JR
Applicable loading instructions are LD and SLD
Use any one of the following methods to avoid the above phenomenon.
* Initialize the on-chip RAM area before using it.

* Insert an NOP instruction between each branching instruction and the
loading instruction following it (write this in assembler because it may be
eliminated by optimization if the C language is used).

Timing Supervision Unit

The addresses of the timing supervision unit registers described in the
“V850E2M Architecture Manual (ROLUSOOO1E)” are given as offset
addresses. The base address is as follows:

<TSU_base> = FFFF 5000y
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3.2

Note

Table 3-3

3.2.1

3.2.2

Operation Modes

This section describes the operation modes of this product and how the modes
are selected.

The following operation modes are available:
* Normal operation mode
» Flash programming mode

After reset release by RESET pin, the microcontroller starts to fetch
instructions from an internal boot ROM which contains the internal firmware.
The firmware checks the FLMDO and FLMD1 pins, to set the operation mode
after reset release according to the table below.

When the FLMDO pin is in use, connect a resistor with a value of at least 270
kQ to pull it down to the EVSS level.

Selecting an Operation Mode

Pin
FLMDO FLMD1 Operation Mode

0 0 Operation mode (single-chip mode)

1 0 Flash programming mode

Other than the above | Setting prohibited

Normal Operation Mode

This mode enables to access the on-chip ROM.

In single-chip mode, instruction processing starts with a branch to the reset
entry address in the on-chip ROM after release from the system-reset state.

Flash Programming Mode

This mode allows the programming of on-chip flash memory by the flash writer.
Flash memory is programmable through Nexus communications.

For details, see Section 6, Memory Modules.
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3.2.3 HALT Mode
(1) Setting and Operation of HALT Mode
In normal operation mode, HALT mode is selected by executing a dedicated
instruction (the HALT instruction). In HALT mode, pipeline operation of the
CPU is stopped but clock signals continue to be supplied to the clock
oscillation circuit and other on-chip peripheral modules.
This allows the stopping of program execution while retaining the on-chip RAM
in the same condition as before the HALT mode setting. Furthermore, on-chip
peripheral modules that are independent of instruction processing by the CPU
continue to operate. The average current drawn by the overall system can be
reduced by alternation between the HALT and normal operating modes.
Table 3-4 State of Operations in HALT Mode

Function State of Operations

Clock generator Operating

CPU system clock Operating

Peripheral clock (PCLK) Operating

CPU Stopped

Peripheral 1/0 Operating

Internal data

The states of internal data for which reprogramming is not possible
while the CPU is stopped, such as the values of registers, status bits,
and other data in the CPU and on-chip RAM, are retained from before
the setting of HALT mode.

&)

Cancelling HALT Mode

The transition from HALT mode to normal operating mode is in response to the
input of a reset, or to the generation of an interrupt or other exception.
Following the acceptance of any interrupt or exception, program counting by
the program counter resumes from the address of the instruction after the
HALT instruction.

Input of any of the following resets or the generation of any of the following
interrupts or exceptions constitutes a request for release from HALT mode.

* Reset input (RESET, WDTAORES, CLMAORES to CLMA2RES, LVIRES,
SGARES, DBRES)

» El level maskable interrupt (EIINT)

* FE level maskable interrupt (FEINT)

* FE level non-maskable interrupt (FENMI)

» Peripheral device protection exception (PPI)
» Timing supervision exception (TSI)

» System error exception (SYSERR)
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3.3 Address Space

This section describes the address space of the CPU (sizes and addresses of
the CPU address space and physical address space).

The address range of data space and program space together with their

wraparound properties are presented.

3.3.1 CPU Data Address and Physical Program Address Space

The CPU supports the following address spaces.

* 4-GB CPU data address space

With the 32-bit general purpose registers, addresses for a 4-Gbyte memory
can be generated. This is the maximum address space supported by the

CPU.

» 512-Mbyte physical program address space
The CPU provides 512-Mbyte physical address space to access instruction
codes in program memory. That means that a maximum of 512-Mbyte
internal or external program memory can be accessed.

3.3.2 Program and Data Space

The figure below shows the assignment of the CPU address space to data and

program space.

FFFF FFFF, T
Program area
(256 Mbytes)
F000 0000, | |
Data area not addressable
(4 Ghytes)
1000 0000,
OFFF FFFF, | [T
Program area
(256 Mbytes)
0000 0000, L
Figure 3-1 CPU Address Space
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(1) Wrap-Around of Data Space

If an operand address calculation exceeds 32 bits, only the lower 32 bits of the
result are considered. Therefore, the addresses FFFF FFFF and 0000 00004

are contiguous addresses. This results in a wrap-around of the data space:

A
Data space

FFFF FFFE,

FFFF FFFF, ) 0
0000 0000, direction direction
0000 0001,,

Data space v

Figure 3-2 Wrap-Around of Data Space

(2) Wrap-Around of Program Space

If an instruction address calculation exceeds 28 bits, only the lower 28 bits of
the result are considered. Therefore, the addresses 0000 0000, and OFFF

FFFFy are contiguous addresses. This results in a wrap-around of the
program space:

oFer Frrg, | Program space 1
OFFF FFFF,, S o
0000 0000, direction direction
0000 0001,,

Program space v

Figure 3-3 Wrap-Around of Program Space
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3.4 Conditions for Boundary Operations

3.4.1 Program Space

Branching to the peripheral I/O area or consecutive fetching from the RAM
area to peripheral I/O area should not proceed. Such branching or consecutive
fetching can lead to the fetching of undefined data.

Caution Executing an executable instruction allocated to a location within 48 bytes of
the last address of a memory area (code flash or on-chip RAM) may lead to an
ECC error (undefined instructions are not executed).

3.4.2 Data Space

This product is capable of handling misaligned data.

This allows the allocation of data to any address regardless of the unit of data
(word or half-word). However, for a word or half-word of data, at least 2 bus
cycles are generated unless the data are aligned with the corresponding
boundary, and this decreases bus efficiency.

(1) Access to Data with Half-Word Length
If the lowest-order address bit is 1, 2 cycles of byte-length bus access are
generated.

(2) Access to Data with Word Length

« If the lowest-order address hit is 1, 3 bus cycles are generated in the
following order: byte length, half-word length, and byte length.

 Ifthe 2 lower-order address bits are 10, 2 bus cycles of half-word access are
generated.
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3.5 Memory Mapping

This section describes memory maps for the CPU and the address map for
DMA.

3.5.1 Memory Map for DMA Access

For details, refer to Section 5.3.3, Memory Map for DMA Access.

RO1UH0336EJ0102 Rev.1.02 RENESAS Page 130 of 1538
Jul 17, 2014



Section 3 CPU System Function

V850E2/PG4-L

3.5.2 Memory Map

(1) Memory Map

FFFFFFFR. | pRUS peripheral
I/O area
FFEF 8000, (32 Kbytes)
FFFF 7FFF,
CPU peripheral Program area
I/O area (4 Kbytes) (256 Mbytes)
OFFF FFFF,

FFFF 70004
FFFF 6FFF, On-chip peripheral
I/O area (4 Kbytes)

FFFF 60004
FFFF SFFFy On-chip peripheral

I/O area (4 Kbytes)

FFFF 50004

FFFF 4FFF,
Undefined area

FF84 00004
FF83 FFFFy
PBUS peripheral

I/O area
(256 Kbytes)

FF80 0000y
FF7F FFFFy,
PBUS peripheral

I/O area Undefined area

(4 Mbytes)
Undefined area

FF40 00004

FF3F FFFF,
Undefined area

FEDF FFFF,
On-chip RAM area
(24 Kbytes)

FEDF A000,
FEDF 9FFF,

Undefined area
0200 40004

0200 3FFFy

Data flash area

(16 Kbytes)
0200 0000y
01FF FFFFy,

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
j
FEEO 00004 l'
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|

F000 0000, Program area
(256 Mbytes) Undefined area
0006 0000
0005 FFFFy

Code flash area
(384 Kbytes)

0000 00004

Figure 3-4 Memory Map
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3.6 CPU-Related Registers

This section describes CPU related registers.

3.6.1 Overview of CPU-Related Registers

Table 3-5 List of CPU-Related Registers

Register Name Symbol Address
Processor element identifier register PEID FFFF 6490,
Data flash access wait setting register DCLKWAIT FF43 60004
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3.6.2 CPU-Related Registers in Detail

(1) PEID - Processor Element Identifier Register

The PEID register returns the processor-element identifier of the last
accessing CPU.

Access Readable in 16 bit-units
Address FFFF 6490y

Initial value 00014

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PEID[15:0]
R R R R R R R R R R R R R R R R

Table 3-6 PEID Register

Bit Position | Bit Name Function

15t0 0 PEID[15:0] These bits indicate a processor element ID and are always read as 0001,.

(2) DCLKWAIT - Data Flash Access Wait Setting Register
This register is used to set a waiting time for access to data-flash memory.
Access Readable/writable in 8-bit units.
Address FF43 6000H

Initial value Initialized to the value 1F, by a reset from any source.

4 3 2 1 0
| o | o [ o | WAIT[4:0]
R/W R/W R/W R/W R/W
Table 3-7 DCLKWAIT Register
Bit Position | Bit Name Function
4100 WAIT[4:0] These bits are used to set a waiting time for access to data-flash memory.
Specify the setting that corresponds to the operating frequency of the CPU.
Setting Value Description
114 Setting when the CPU is operating at 48 MHz to
80 MHz
1Fy (Initial value)
Other than the above | Settings are prohibited.

Caution After release from the reset state, set the waiting time for access by the time of
the first access to data-flash memory.
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3.7

System Error Notification Function

This section describes the registers involved in system error notification.

3.7.1 Overview of System Error Notification Registers
Table 3-8 List of System Error Notification Function Registers
Register Name Symbol Address
System error control register SEG_CONT FFFF 64B0y
SEG_CONTL
System error flag register SEG_FLAG FFFF 64B24
SEG_FLAGL
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3.7.2 System Error Notification Function Registers in Detail

(1) SEG_CONT - System Error Control Register (SEG_CONT, SEG_CONTL)

This register is used to set up the generation of SYSERR exceptions due to
system error sources.

Access SEG_CONT is readable/writable in 16-bit units.

SEG_CONTL consists of the 8 lower-order bits of SEG_CONT and is
readable/writable in 8- and 1-bit units.

Address FFFF 64B0y

Initial value 00004

15 14 13 12 11 10
SEG_CONT | o0 o | o 0 0 0 | |
R R R
7 6 5 4 3 2 1 0
(SEG_CONTL) | SEG_ SEG_ | SEG_ SEG_ | SEG_
CONT 0 CONT | CONT 0 CONT | CONT 0
DMAE SEGE | RAME EXTE | FCHE
RIW R RW  RW R RW  RMW R
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Table 3-9 SEG_CONT Register

Bit Position | Bit Name Function

7 SEG_ DMA error notification enable
CONT This bit is used to set the behavior when DMA access leads to the following
DMAE errors.

« Uncorrectable ECC error in access to data in the code-flash area
* Uncorrectable ECC error in access to data in the on-chip RAM area
« Access to the reserved area (undefined area)

0: SYSERR exception is not generated (initial value).
1: SYSERR exception is generated.

5 SEG_ Reserved area access notification enable
CONT This bit is used to set the behavior in response to attempted CPU access to
SEGE data in the reserved area (undefined area).

0: SYSERR exception is not generated (initial value).
1: SYSERR exception is generated.

Note The reserved area (undefined area) in the address range
FFFF 00004 to FFFF 4FFF is for use in future expansion.
The user is unable to use this area. A system error will occur if
access is attempted.

4 SEG_ CPU on-chip RAM area error notification enable
CONT This bit is used to set the behavior when CPU access to data in the on-chip
RAME RAM area leads to an uncorrectable error.

0: SYSERR exception is not generated (initial value).
1: SYSERR exception is generated.

2 SEG_ EXT area error notification enable
CONT This bit is used to set the behavior when CPU access to data in data-flash
EXTE memory or peripheral I/O leads to the following errors.

* An error indicated by data-flash memory at the time the memory is read
(the error occurs due to the execution of 8- and 32-bit loading, i.e. Id.b and
Id.w, from the data-flash area).

¢ Access to peripheral /0O causes an undefined area access error (UAA) or
access time out (ATO) to be generated. The error is specified in the
peripheral /0O bus PSELG control register (APC).

0: SYSERR exception is not generated (initial value).
1: SYSERR exception is generated.

1 SEG_ Code flash error notification enable
CONT This bit is used to set the behavior when CPU access to data in the code-flash
FCHE area leads to an uncorrectable ECC error.

0: SYSERR exception is not generated (initial value).
1: SYSERR exception is generated.

Caution When a bitis setto 1, a SYSERR exception is generated when a
corresponding error occurs. When a bit is set to 0, the error flag corresponding
to the error source is set, but a SYSERR exception is not generated.
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(2) SEG_FLAG - System Error Flag Register (SEG_FLAG, SEG_FLAGL)

This register is used to store results of the detection of system errors. When a
system error is detected, the flag corresponding to the error source is set to 1.
Setting flags by directly writing to the register is also possible, providing a way
to intentionally generate SYSERR exceptions. A flag is cleared by reading it as
1 and then writing O to it. Even when 0 is later written to a flag that was read as
0, the flags will still be set to reflect any errors that occurred between the
reading and writing.

Access SEG_FLAG is readable/writable in 16-bit units.

SEG_FLAGL consists of the 8 lower-order bits of SEG_FLAG and is readable/
writable in 8- and 1-bit units.

Address FFFF 64B2y

Initial value 00004

15 14 13 12 11 10
SEGFIAG [ 0 | o | o | o | o [ o [ o [ o |
7 6 5 4 3 2 1 0
(SEG_FLAGL) | sSEG_ SEG_ | SEG_ SEG_ | SEG_
FLAG 0 FLAG | FLAG 0 FLAG | FLAG 0
DMAF SEGF | RAMF EXTF | FCHF
RIW R RW  RW R RW  RMW R
RO1UH0336EJ0102 Rev.1.02 LENESAS Page 137 of 1538

Jul 17, 2014



V850E2/PG4-L Section 3 CPU System Function

Table 3-10 SEG_FLAG Register

Bit Position | Bit Name Function
7 SEG_ DMA error flag
FLAG This flag is set when DMA access leads to the following errors.
DMAF « Uncorrectable error generated from flash ROM in response to attempted

access to data in the code-flash area
« Uncorrectable error in response to access to data in the on-chip RAM area
« Access to the reserved area (undefined area)

0: DMA error is not generated
1: DMA error is generated

5 SEG_ Reserved area error flag
FLAG This flag is set in response to attempted CPU access to data in the reserved
SEGF area (undefined area).

0: Error in the reserved area is not generated
1: Error in the reserved area is generated

Note The reserved area (undefined area) in the address range
FFFF 00004 to FFFF 4FFF is for use in future expansion.
The user is unable to use this area. A system error will occur if
access is attempted.

4 SEG_ CPU on-chip RAM area error flag
FLAG This flag is set when CPU access to data in the on-chip RAM area leads to an
RAMF uncorrectable ECC error.

0: Error in the on-chip RAM area is not generated
1: Error in the on-chip RAM area is generated

2 SEG_ EXT area error flag
FLAG This flag is set when CPU access to data in data-flash memory or peripheral I/
EXTF O area leads to the following errors.

* An error indicated by data-flash memory at the time the memory is read
(the error occurs due to the execution of 8- and 32-bit loading, i.e. Id.b and
Id.w, from the data-flash area).

» Access to peripheral I/0O causes an undefined area access error (UAA) or
access time out (ATO) to be generated. The error is specified in the
peripheral I/O bus PSELG control register (APC).

0: Error in the EXT area is not generated
1: Error in the EXT area is generated

1 SEG_ Code flash error flag
FLAG This flag is set when CPU access to data in the code-flash area leads to an
FCHF uncorrectable ECC error.

0: Flash ROM error is not generated.
1: Flash ROM error is generated.
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Section 4 Interrupt Functions
4.1 Features
An event where a specific event forces branching from a currently running
program to a different program is called an exception. This section describes
the exception processing functions of this product.
Table 4-1 List of Exception Sources
Exception
Name Symbol Source Priority | Level
CPU initialization RESET Reset input 1 -
Reserved - - 2 -
FE level non-maskable interrupt FENMI FENMI input 3 FE
System error exception SYSERR System error (SYSERR) input*1 | 4 FE
Peripheral device protection PPI Peripheral device protection 5 FE
exception violation
Timing supervision exception TSI Timing supervision violation 6 FE
FE level maskable interrupt FEINT FEINT input 7 FE
Reserved - - 8 -
El level maskable interrupt EIINT EIINT input 9 El
Reserved - - 10 -
Execution protection exception MIP Execution protection violation 11 FE
Memory error exception MEP Instruction access error input*2 12 FE
Data protection exception MDP Data protection violation 13 FE
Reserved - - -
Coprocessor unusable exception UCPOP Coprocessor instruction FE
Reserved instruction exception RIEX Reserved instruction FE
Reserved - - -
FE level software exception FETRAPEX | FETRAP instruction FE
(vector = 14 to Fy)
El level software exception EITRAPO TRAPON instruction El
(vector = 00y to OF)
El level software exception EITRAP1 TRAP1n instruction El
(vector = 10y to 1F)
System call exception SYSCALLEX | SYSCALL instruction El
(vector = 00y to FFy)

Note 1.
Note 2.

Refer to Section 3.7, System Error Notification Function.
An instruction-access error is generated at the point where instruction fetching

for the execution of an instruction includes an address where an error is

actually generated. Listed below are the error sources.

Code flash ECC error
* On-chip RAM ECC error
* Reserved area error (access to an address in the range FFFF0000 to

FFFF4FFF)
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The following three exceptions from Table 4-1 are called interrupts, and are
thus described in this section. All other exceptions and their handling are

described in the VB50E2M Architecture Manual (ROLUSO001E).

o FE level non-maskable interrupt (FENMI): One source
(generating factors: INTCME, INTWDTAONMI, or INTCLMAL, INTCLMA2)

» Resume disabled, recover disabled* (for error report)

o FE level maskable interrupt (FEINT): One source
(generating factors: INTISG pin or NMI pin)
* Resume enabled, recover enabled*

« Highest priority interrupt (except FENMI)

o El level maskable interrupt (EIINT): 131 sources
* Resume enabled, recover enabled.*
* Interrupt masking can be specified per interrupt channel.
« 16 interrupt priority levels can be specified for each interrupt channel

« In this section the EIINT that corresponds to interrupt channel n is indicated by
EIINTN.

Note * Resume:Indicates whether execution restart from the last position at which
program execution was interrupted is possible.

Recover:Indicates whether recovery to the processor status (status of
processor resources including general-purpose registers and system registers)
at the time of program execution interruption is possible.

These interrupt sources are listed in Table 4-2.
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4.3 Interrupt Controller Control Registers

Meaning of xx  xx denotes the identifying names of the individual peripheral units.

4.3.1 ICxx: El Level Interrupt Control Register
An ICxx register is provided for every El level-maskable interrupt (EIINT)
channel, and is used to configure control conditions.

Access Readable/writable in 1-, 8-, or 16-bit units.

However, bit-wise access through SET1, CLR1, NOT1 instructions to bits 15 to
13, bits 11 to 8 and bits 6 to 4 is prohibited.

Address FFFF 6000y to FFFF 61B9y

Initial value 008Fy

A reset from any source will initialize the bits.

Caution Do not access ICxx registers that are not listed in Table 4-2.

ICxx 15(7) 14(6) 13(5) 12(4) 11(3) 10(2) 9(1) 8(0)
o)y [ o | o | o [Rex [ o | o | o | o |
R R R R/W R R R R
7(7) 6(6) 5(5) 4(4) 3(3) 2(2) 1(1) 0(0)
o) | Mk [0 [ o | 0o | Pax [ Pax | PLxx | POXx |
R/W R R R R/W R/W R/W R/W
Bit Position | Bit Name Function
12 RFxx This is an interrupt request flag.

The RFxx bit is writable from a program. If the RFxx bit is set (to 1), an El level
maskable interrupt n (EINTn) will be generated in the same way as when an
interrupt request is received.

0: No interrupt request is made (initial value).

1: Interrupt request is made.

7 MKxx This is an interrupt mask bit. Setting the MKxx bit masks interrupt requests set in
the interrupt request flag (RFxx), i.e. it may be used to obstruct interrupt requests
from the given channel to the CPU core. If the MKxx bit is set for a channel, the
ICSR.PMF bit will not hold indications of interrupts for that channel. The MKxx bit
does not mask input from an interrupt input pin, so the interrupt request flag still
gets set even if the MKxx bit is set. The setting of this bit also reflects the setting
in the interrupt mask register (IMR).

0: Enables interrupt handling.

1: Prohibits interrupt handling (initial value).

3to0 P3xx to POxx | These bits specify the interrupt priority as one of 16 levels, with 0 as the highest
and 15 as the lowest.

When multiple El level-interrupt requests are made simultaneously, the interrupt
from the source with the highest priority setting in these bits is selected and
conveyed to the CPU core. When P3xx to POxx bits for different sources specify
the same priority level, the source with the lower channel number takes priority.
This order is fixed.
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Section 4 Interrupt Functions

Table 4-3 Addresses and Bits of the Interrupt Control Registers (1/6)

Bit

Register Address 7 6 |54 3 2 1 0
ICCMEL FFFF6000, | MKCME 0 |0]O P3CME P2CME P1CME POCME
ICCMEH FFFF6001, | O 0 | 0 | RFCME 0 0 0 0
ICISGL FFFF6002, | MKISG 0 |0f|oO P3ISG P2ISG P1ISG POISG
ICISGH FFFF6003, | O 0 | 0 | RFISG 0 0 0 0
ICWDTAONMIL FFFF6004; | MKWDTAONMI 0 |0]O P3WDTAONMI P2WDTAONMI P1WDTAONMI POWDTAONMI
ICWDTAONMIH FFFF6005, | O 0 |0 | RFWDTAONMI 0 0 0 0
ICWDTAOL FFFF6006, | MKWDTAO 0o |0]O P3WDTAO P2WDTAO P1WDTAO POWDTAO
ICWDTAOH FFFF6007, | O 0 | 0 | RFWDTAO 0 0 0 0
ICCLMA1L FFFF600Ay | MKCLMA1 0 |(0f|oO P3CLMAL P2CLMAL P1CLMAL POCLMA1
ICCLMA1H FFFF600By | O 0 | 0 | RFCLMAL 0 0 0 0
ICCLMA2L FFFF600C | MKCLMA2 0 |0]O P3CLMA2 P2CLMA2 P1CLMA2 POCLMA2
ICCLMA2H FFFF600D, | O 0 | 0 | RFCLMA2 0 0 0 0
ICECCCFECL FFFF600E, | MKECCCFEC 0 |0]0 P3ECCCFEC P2ECCCFEC P1ECCCFEC POECCCFEC
ICECCCFECH FFFF600F, | O 0 | 0 | RFECCCFEC 0 0 0 0
ICECCLREDL FFFF6010y | MKECCLRED 0 |(0f|O P3ECCLRED P2ECCLRED P1ECCLRED POECCLRED
ICECCLREDH FFFF6011, | O 0 | 0 | RFECCREDD 0 0 0 0
ICECCLRECL FFFF6012;; | MKECCLREC 0 (o0]o0 P3ECCLREC P2ECCREC P1ECCLREC POECCLREC
ICECCLRECH FFFF6013y, | 0 0 | 0 | RFECCLREC 0 0 0 0
ICECCCDRED2L FFFF6014y | MKECCCDRED2 |0 [0 |0 P3ECCCDRED2 | P2ECCCDRED2 | P1IECCCDRED2 | POECCCDRED2
ICECCCDRED2H FFFF6015, |0 0 | 0 | RFECCCDRED2 | 0 0 0 0
ICECCCTRED2L FFFF6016, | MKECCCTRED2 |0 [0 [0 P3ECCCTRED2 | P2ECCCTRED2 | PIECCCTRED2 | POECCCTRED2
ICECCCTRED2H FFFF6017, | O 0 | 0 | RFECCCTRED2 |0 0 0 0
ICECCCDRED1L FFFF6018, | MKECCCDRED1 |0 [0 |0 P3ECCCDRED1 | P2ECCCDRED1 | PIECCCDRED1 | POECCCDRED1
ICECCCDRED1H FFFF6019, | O 0 | 0 | RFECCCDRED1 |0 0 0 0
ICECCCTRED1L FFFF601A, | MKECCCTREDL1 |0 [0 |0 P3ECCCTRED1 | P2ECCCTRED1 | PIECCCTRED1 | POECCCTRED1
ICECCCTRED1H FFFF601By | O 0 | 0 | RFECCCTRED1 |0 0 0 0
ICECCCNEDL FFFF601E, | MKECCCNED 0 |0]o0 P3ECCCNED P2ECCCNED P1ECCCNED POECCCNED
ICECCCNEDH FFFF601F, | O 0 | 0 | RFECCCNED 0 0 0 0
ICLVIOL FFFF6020,; | MKLVIO 0 |0]O P3LVIO P2LVIO P1LVIO POLVIO
ICLVIOH FFFF6021, | O 0 | 0 | RFLVIO 0 0 0 0
ICPOL FFFF6022, | MKPO 0 |0]O P3P0 P2P0 P1PO POPO
ICPOH FFFF6023, | O 0 |0 | RFPO 0 0 0 0
ICP1L FFFF6024y | MKP1 0 |0f|oO P3P1 P2P1 P1P1 POP1
ICP1H FFFF6025, |0 0 |0 | RFP1 0 0 0 0
ICP2L FFFF6026,; | MKP2 0 |0]oO P3P2 P2P2 P1P2 POP2
ICP2H FFFF6027, | O 0 |0 | RFP2 0 0 0 0
ICP3L FFFF6028, | MKP3 0 |0]O P3P3 P2P3 P1P3 POP3
ICP3H FFFF6029, |0 0 |0 | RFP3 0 0 0 0
ICP4L FFFF602A, | MKP4 0 |0f|oO P3P4 P2P4 P1P4 POP4
ICP4H FFFF602B, | O 0 |0 | RFP4 0 0 0 0
ICP5L FFFF602Cy | MKP5 0 |0]oO P3P5 P2P5 P1P5 POP5
ICP5H FFFF602Dy | O 0 |0 | RFP5 0 0 0 0
ICP6L FFFF602E, | MKP6 0 |0]O P3P6 P2P6 P1P6 POP6
ICP6H FFFF602F, | O 0 |0 | RFP6 0 0 0 0
ICP7L FFFF6030, | MKP7 0 |0f|oO P3P7 P2P7 P1P7 POP7
ICP7H FFFF6031, |0 0 |0 | RFP7 0 0 0 0
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Table 4-3 Addresses and Bits of the Interrupt Control Registers (2/6)

Bit

Register Address 7 6 |54 3 2 1 0
ICPSL FFFF6032, | MKP8 0 |0]oO P3P8 P2P8 P1P8 POP8
ICP8H FFFF6033, | O 0 |0 | RFP8 0 0 0 0
ICPOL FFFF6034y | MKP9 0|0]o0 P3P9 P2P9 P1P9 POP9
ICP9H FFFF6035, | O 0 |0 | RFP9 0 0 0 0
ICDMAOL FFFF6038, | MKDMAO 0|0]o0 P3DMAO P2DMAO P1DMAO PODMAO
ICDMAOH FFFF6039, | O 0 | 0 | RFDMAO 0 0 0 0
ICDMACTOL FFFF603A, | MKDMACTO 0 |0]oO P3DMACTO P2DMACTO P1DMACTO PODMACTO
ICDMACTOH FFFF603By | O 0 | 0 | RFDMACTO 0 0 0 0
ICDMALL FFFF603Cy | MKDMAL 0|0]o0 P3DMA1 P2DMA1 P1DMA1 PODMA1
ICDMA1H FFFF603Dy | O 0 | 0 | RFDMAl 0 0 0 0
ICDMACT1L FFFF603E, | MKDMACT1 0|0]o0 P3DMACT1 P2DMACT1 P1DMACT1 PODMACT1
ICDMACT1H FFFF603Fy | O 0 | 0 | RFDMACT1 0 0 0 0
ICDMA2L FFFF6040, | MKDMA2 0o |0]oO P3DMA2 P2DMA2 P1DMA2 PODMA2
ICDMA2H FFFF6041, | O 0 | 0 | RFDMA2 0 0 0 0
ICDMACT2L FFFF6042, | MKDMACT2 0|0]o0 P3DMACT?2 P2DMACT?2 P1DMACT2 PODMACT2
ICDMACT2H FFFF6043, |0 0 | 0 | RFDMACT2 0 0 0 0
ICDMAS3L FFFF6044,; | MKDMA3 0|0]o0 P3DMA3 P2DMA3 P1DMA3 PODMA3
ICDMA3H FFFF6045, | O 0 | 0 | RFDMA3 0 0 0 0
ICDMACT3L FFFF6046, | MKDMACT3 0 |0]oO P3DMACT3 P2DMACT3 P1DMACT3 PODMACT3
ICDMACT3H FFFF6047, | O 0 | 0 | RFDMACT3 0 0 0 0
ICDMAAL FFFF6048,; | MKDMA4 0|0]o0 P3DMA4 P2DMA4 P1DMA4 PODMA4
ICDMA4H FFFF6049, |0 0 | 0 | RFDMA4 0 0 0 0
ICDMACTA4L FFFF604A, | MKDMACT4 0|0]o0 P3DMACT4 P2DMACT4 P1DMACT4 PODMACT4
ICDMACT4H FFFF604B, | O 0 | 0 | RFDMACT4 0 0 0 0
ICDMASL FFFF604Cy | MKDMAS 0 |0]oO P3DMA5 P2DMA5 P1DMA5 PODMA5
ICDMASH FFFF604Dy | O 0 | 0 | RFDMAS 0 0 0 0
ICDMACT5L FFFF604E, | MKDMACT5 0|0]o0 P3DMACT5 P2DMACT5 P1DMACTS PODMACTS
ICDMACTS5H FFFF604F, |0 0 | 0 | RFDMACT5 0 0 0 0
ICDMA6L FFFF6050, | MKDMAG 0|0]o0 P3DMAG P2DMAG P1DMAG PODMAG
ICDMAGH FFFF6051, | O 0 | 0 | RFDMAG 0 0 0 0
ICDMACT6L FFFF6052,; | MKDMACT6 0 |0]O P3DMACT6 P2DMACT6 P1DMACT6 PODMACT6
ICDMACT6H FFFF6053, | O 0 | 0 | RFDMACT6 0 0 0 0
ICDMAT7L FFFF6054, | MKDMA7 0|0]o0 P3DMA7 P2DMA7 P1DMA7 PODMA7
ICDMATH FFFF6055, |0 0 | 0 | RFDMAY 0 0 0 0
ICDMACT7L FFFF6056, | MKDMACT7 0|0]o0 P3DMACT? P2DMACT? P1DMACT? PODMACT?
ICDMACT7H FFFF6057, | O 0 | 0 | RFDMACT? 0 0 0 0
ICOSTMOL FFFF6058, | MKOSTMO 0|0]o0 P30STMO P20STMO P1OSTMO POOSTMO
ICOSTMOH FFFF6059, | O 0 | 0 | RFOSTMO 0 0 0 0
ICOSTM1L FFFF605A, | MKOSTM1 0|0]o0 P30STM1 P20STM1 P10STM1 POOSTM1
ICOSTM1H FFFF605B, | O 0 | 0 | RFOSTM1 0 0 0 0
ICTAUJOIOL FFFF605Cy | MKTAUJOIO 0 |0]o0 P3TAUJOIO P2TAUJOIO P1TAUJOIO POTAUJOIO
ICTAUJOIOH FFFF605Dy | O 0 | 0 | RFTAUJOIO 0 0 0 0
ICTAUJOILL FFFF605E, | MKTAUJOIL 0 |0]O P3TAUJOI1 P2TAUJOI1 P1TAUJOI1 POTAUJOIL
ICTAUJOITH FFFF605F | O 0 | 0 | RFTAUJOI1 0 0 0 0
ICTAUJOI2L FFFF6060, | MKTAUJOI2 0|0]o0 P3TAUJOI2 P2TAUJOI2 P1TAUJOI2 POTAUJOI2
ICTAUJOI2H FFFF6061, |0 0 | 0 | RFTAUJOI2 0 0 0 0
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Table 4-3 Addresses and Bits of the Interrupt Control Registers (3/6)

Bit

Register Address 7 6 |54 3 2 1 0
ICTAUJOI3L FFFF6062, | MKTAUJOI3 0 |0]O P3TAUJOI3 P2TAUJOI3 P1TAUJOI3 POTAUJOI3
ICTAUJOI3H FFFF6063, | O 0 | 0 | RFTAUJOI3 0 0 0 0
ICTAUBOIOL FFFF606Cy | MKTAUBOIO 0|0]o0 P3TAUBOIO P2TAUBOIO P1TAUBOIO POTAUBOIO
ICTAUBOIOH FFFF606Dy | O 0 | 0 | RFTAUBOIO 0 0 0 0
ICTAUBOILL FFFF606E, | MKTAUBOI1 0|0]o0 P3TAUBOI1 P2TAUBOI1 P1TAUBOI1 POTAUBOI1
ICTAUBOILH FFFF606Fy | O 0 | 0 | RFTAUBOI1 0 0 0 0
ICTAUBOI2L FFFF6070, | MKTAUBOI2 0 |0]oO P3TAUBOI2 P2TAUBOI2 P1TAUBOI2 POTAUBOI2
ICTAUBOI2H FFFF6071, | O 0 | 0 | RFTAUBOI2 0 0 0 0
ICTAUBOI3L FFFF6072y | MKTAUBOI3 0|0]o0 P3TAUBOI3 P2TAUBOI3 P1TAUBOI3 POTAUBOI3
ICTAUBOI3H FFFF6073y | O 0 | 0 | RFTAUBOI3 0 0 0 0
ICTAUBOI4L FFFF6074y | MKTAUBOI4 0|0]o0 P3TAUBOI4 P2TAUBOI4 P1TAUBOI4 POTAUBOI4
ICTAUBOI4H FFFF6075, | O 0 | 0 | RFTAUBOI4 0 0 0 0
ICTAUBOISL FFFF6076, | MKTAUBOIS 0 |0]oO P3TAUBOI5 P2TAUBOI5 P1TAUBOIS POTAUBOIS
ICTAUBOISH FFFF6077, | O 0 | 0 | RFTAUBOI5 0 0 0 0
ICTAUBOI6L FFFF6078, | MKTAUBOI6 0|0]o0 P3TAUBOI6 P2TAUBOI6 P1TAUBOI6 POTAUBOI6
ICTAUBOIGH FFFF6079, | O 0 | 0 | RFTAUBOI6 0 0 0 0
ICTAUBOI7L FFFF607Ay | MKTAUBOI7 0|0]o0 P3TAUBOI7 P2TAUBOI7 P1TAUBOI7 POTAUBOI7
ICTAUBOI7H FFFF607By | O 0 | 0 | RFTAUBOI7 0 0 0 0
ICTAUBOISL FFFF607Cy | MKTAUBOIS 0 |0]oO P3TAUBOIS P2TAUBOI8 P1TAUBOIS POTAUBOIS
ICTAUBOISH FFFF607Dy | O 0 | 0 | RFTAUBOI8 0 0 0 0
ICTAUBOIOL FFFF607E, | MKTAUBOI9 0|0]o0 P3TAUBOI9 P2TAUBOI9 P1TAUBOI9 POTAUBOI9
ICTAUBOI9H FFFF607Fy | O 0 | 0 | RFTAUBOI9 0 0 0 0
ICTAUBOI10L FFFF6080, | MKTAUBOI10 0|0]o0 P3TAUBOI10 P2TAUBOI10 P1TAUBOI10 POTAUBOI10
ICTAUBOIZ0H FFFF6081, | O 0 | 0 | RFTAUBOI10 0 0 0 0
ICTAUBOI11L FFFF6082, | MKTAUBOI11 0 |0]oO P3TAUBOI11 P2TAUBOI11 P1TAUBOI11 POTAUBOI11
ICTAUBOI11H FFFF6083, | O 0 | 0 | RFTAUBOI11 0 0 0 0
ICTAUBOI12L FFFF6084, | MKTAUBOI12 0|0]o0 P3TAUBOI12 P2TAUBOI12 P1TAUBOI12 POTAUBOI12
ICTAUBOI12H FFFF6085, |0 0 | 0 | RFTAUBOI12 0 0 0 0
ICTAUBOI13L FFFF6086, | MKTAUBOI13 0|0]o0 P3TAUBOI13 P2TAUBOI13 P1TAUBOI13 POTAUBOI13
ICTAUBOI13H FFFF6087, | O 0 | 0 | RFTAUBOI13 0 0 0 0
ICTAUBOI14L FFFF6088, | MKTAUBOI14 0 |0]oO P3TAUBOI14 P2TAUBOI14 P1TAUBOI14 POTAUBOI14
ICTAUBOI14H FFFF6089, | O 0 | 0 | RFTAUBOI14 0 0 0 0
ICTAUBOI15L FFFF608A, | MKTAUBOI15 0|0]o0 P3TAUBOI15 P2TAUBOI15 P1TAUBOI15 POTAUBOI15
ICTAUBOI15H FFFF608B, | O 0 | 0 | RFTAUBOI15 0 0 0 0
ICADCAOERRL FFFF60ACy | MKADCAOERR 0|0]o0 P3ADCAOERR P2ADCAOERR P1ADCAOERR POADCAOERR
ICADCAOERRH FFFF60ADy | O 0 | 0 | RFADCAOERR |0 0 0 0
ICADCAOIOL FFFF60AE, | MKADCAOIO 0 (0|0 P3ADCAO0IO P2ADCAOIO P1ADCAO0IO POADCAO0IO
ICADCAOIOH FFFF60AF | O 0 | 0 | RFADCAOIO 0 0 0 0
ICADCAOI1L FFFF60B0, | MKADCAOIL o |00 P3ADCAOIL P2ADCAOI1 P1ADCAOI1 POADCAOIL
ICADCAOI1H FFFF60B1, | O 0 | 0 | RFADCAOI1 0 0 0 0
ICADCAOI2L FFFF60B2, | MKADCAOI2 o|0|oO P3ADCAOI2 P2ADCAOI2 P1ADCAOI2 POADCAOI2
ICADCAOI2H FFFF60B3, | O 0 | 0 | RFADCAOI2 0 0 0 0
ICADCAOLLTL FFFF60B4y | MKADCAOLLT 0 |0]oO P3ADCAOLLT P2ADCAOLLT P1ADCAOLLT POADCAOLLT
ICADCAOLLTH FFFF60B5, | O 0 | 0 | RFADCAOLLT 0 0 0 0
ICCSIGOIREL FFFF60C6, | MKCSIGOIRE o|0|oO P3CSIGOIRE P2CSIGOIRE P1CSIGOIRE POCSIGOIRE
ICCSIGOIREH FFFF60C7y | O 0 | 0 | RFCSIGOIRE 0 0 0 0
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Table 4-3 Addresses and Bits of the Interrupt Control Registers (4/6)

Bit

Register Address 7 6 |54 3 2 1 0
ICCSIGOIRL FFFF60C8y | MKCSIGOIR o |00 P3CSIGOIR P2CSIGOIR P1CSIGOIR POCSIGOIR
ICCSIGOIRH FFFF60C9y | O 0 | 0 | RFCSIGOIR 0 0 0 0
ICCSIGOICL FFFF60CAy | MKCSIGOIC o|0|o P3CSIGOIC P2CSIGOIC P1CSIGOIC POCSIGOIC
ICCSIGOICH FFFF60CBy | O 0 | 0 | RFCSIGOIC 0 0 0 0
ICCSIG1IREL FFFF60CCy | MKCSIG1IRE o |00 P3CSIG1IRE P2CSIG1IRE P1CSIG1IRE POCSIG1IRE
ICCSIG1IREH FFFF60CDy | O 0 | 0 | RFCSIG1IRE 0 0 0 0
ICCSIG1IRL FFFF60CE, | MKCSIG1IR 0 (0|0 P3CSIG1IR P2CSIG1IR P1CSIG1IR POCSIG1IR
ICCSIG1IRH FFFF60CFy | O 0 | 0 | RFCSIG1IR 0 0 0 0
ICCSIG1ICL FFFF60D0y | MKCSIGLIC o|0|o P3CSIG1IC P2CSIG1IC P1CSIG1IC POCSIG1IC
ICCSIG1ICH FFFF60D1, | O 0 | 0 | RFCSIG1IC 0 0 0 0
ICURTHOISL FFFF60D8y | MKURTHOIS o|0|o P3URTHOIS P2URTHOIS P1URTHOIS POURTHOIS
ICURTHOISH FFFF60D9y | O 0 | 0 | RFURTHOIS 0 0 0 0
ICURTHOIRL FFFF60DAy | MKURTHOIR 0 (0|0 P3URTHOIR P2URTHOIR P1URTHOIR POURTHOIR
ICURTHOIRH FFFF60DBy, | O 0 | 0 | RFURTHOIR 0 0 0 0
ICURTHOITL FFFF60DCy | MKURTHOIT o|0|oO P3URTHOIT P2URTHOIT PLURTHOIT POURTHOIT
ICURTHOITH FFFF60DDy | O 0 | 0 | RFURTHOIT 0 0 0 0
ICURTH1ISL FFFF60DE | MKURTH1IS o|0|o P3URTH1IS P2URTH1IS P1URTH1IS POURTH1IS
ICURTHLISH FFFF60DFy | O 0 | 0 | RFURTH1IS 0 0 0 0
ICURTH1IRL FFFF60EO, | MKURTH1IR 0 (0|0 P3URTH1IR P2URTH1IR P1URTH1IR POURTHLIR
ICURTH1IRH FFFF60E1l, | O 0 | 0 | RFURTH1IR 0 0 0 0
ICURTHLITL FFFF60E2, | MKURTHL1IT o|0|oO P3URTHLIT P2URTHLIT PLURTHLIT POURTH1IT
ICURTH1ITH FFFF60E3, | O 0 | 0 | RFURTHLIT 0 0 0 0
ICFCNOERRL FFFF60EA, | MKFCNOERR 0|0]o0 P3FCNOERR P2FCNOERR P1FCNOERR POFCNOERR
ICFCNOERRH FFFF60EB, | O 0 | 0 | RFFCNOERR 0 0 0 0
ICFCNOWUPL FFFF60EC, | MKFCNOWUP 0o |0]oO P3FCNOWUP P2FCNOWUP P1FCNOWUP POFCNOWUP
ICFCNOWUPH FFFF60EDy | O 0 | 0 | RFFCNOWUP 0 0 0 0
ICFCNORECL FFFF60EE, | MKFCNOREC 0|0]o0 P3FCNOREC P2FCNOREC P1FCNOREC POFCNOREC
ICFCNORECH FFFF60EFy | O 0 | 0 | RFFCNOREC 0 0 0 0
ICFCNOTRXL FFFF60FOy | MKFCNOTRX o |00 P3FCNOTRX P2FCNOTRX P1FCNOTRX POFCNOTRX
ICFCNOTRXH FFFF60F1y | O 0 | 0 | RFFCNOTRX 0 0 0 0
ICFCN1ERRL FFFF60F2, | MKFCN1ERR 0 |0]O P3FCN1ERR P2FCN1ERR P1FCN1ERR POFCN1ERR
ICFCN1ERRH FFFF60F3y | O 0 | 0 | RFFCN1ERR 0 0 0 0
ICFCN1WUPL FFFF60F4y | MKFCN1WUP 0|0]o0 P3FCN1WUP P2FCN1WUP P1FCN1WUP POFCN1WUP
ICFCN1WUPH FFFF60F5, | O 0 | 0 | RFFCN1WUP 0 0 0 0
ICFCN1RECL FFFF60F6, | MKFCN1REC 0|0]o0 P3FCN1REC P2FCN1REC P1FCN1REC POFCN1REC
ICFCN1RECH FFFF60F7y | O 0 | 0 | RFFCN1REC 0 0 0 0
ICFCNL1TRXL FFFF60F8y | MKFCN1TRX 0 (0|0 P3FCN1TRX P2FCN1TRX P1FCN1TRX POFCN1TRX
ICFCN1TRXH FFFF60F9y | O 0 | 0 | RFFCN1TRX 0 0 0 0
ICBRGOL FFFF60FA, | MKBRGO 0|0]o0 P3BRGO P2BRGO P1BRGO POBRGO
ICBRGOH FFFF60FBy | 0 0 | 0 | RFBRGO 0 0 0 0
ICFLL FFFF60FEy | MKFL 0|0]o0 P3FL P2FL P1FL POFL
ICFLH FFFF60FF, | O 0 | 0 | RFFL 0 0 0 0
ICSWNL FFFF6100, | MKSWN 0 |0]oO P3SWN P2SWN P1SWN POSWN
ICSWNH FFFF6101, | O 0 |0 | RFSWN 0 0 0 0
ICTSG20100L FFFF6102, | MKTSG20100 0|0]o0 P3TSG20100 P2TSG20100 P1TSG20100 POTSG20100
ICTSG20I100H FFFF6103, |0 0 | 0 | RFTSG20I00 0 0 0 0

RO1UHO0336EJ0102 Rev.1.02 RENESAS Page 153 of 1538

Jul 17, 2014




V850E2/PG4-L

Section 4 Interrupt Functions

Table 4-3 Addresses and Bits of the Interrupt Control Registers (5/6)

Bit

Register Address 7 6 |54 3 2 1 0
ICTSG20101L FFFF6104y | MKTSG20I01 0 |0]oO P3TSG20101 P2T7SG20101 P1TSG20101 POTSG20101
ICTSG20101H FFFF6105, |0 0 | 0 | RFTSG20I01 0 0 0 0
ICTSG20102L FFFF6106 | MKTSG20102 0|0]o0 P3TSG20102 P2TSG20102 P1TSG20102 POTSG20102
ICTSG20102H FFFF6107y | O 0 | 0 | RFTSG20I02 0 0 0 0
ICTSG20103L FFFF6108 | MKTSG20103 0|0]o0 P3TSG20103 P2TSG20103 P1TSG20103 POTSG20103
ICTSG20103H FFFF6109, |0 0 | 0 | RFTSG20I03 0 0 0 0
ICTSG20104L FFFF610A, | MKTSG20I04 0 |0]oO P3TSG20104 P2TSG20104 P1TSG20104 POTSG20104
ICTSG20104H FFFF610By | O 0 | 0 | RFTSG20I04 0 0 0 0
ICTSG20105L FFFF610Cy | MKTSG20105 0|0]o0 P3TSG20105 P2TSG20105 P1TSG20105 POTSG20105
ICTSG20105H FFFF610Dy | O 0 | 0 | RFTSG20I05 0 0 0 0
ICTSG20106L FFFF610E, | MKTSG20106 0|0]o0 P3TSG20106 P2TSG20106 P1TSG20106 POTSG20106
ICTSG20106H FFFF610F, | O 0 | 0 | RFTSG20I06 0 0 0 0
ICTSG20I107L FFFF61104 | MKTSG20107 0 |0]oO P3T7SG20107 P2T7SG20107 P1TSG20107 POTSG20107
ICTSG20107H FFFF6111, |0 0 | 0 | RFTSG20I07 0 0 0 0
ICTSG20108L FFFF6112,; | MKTSG20108 0|0]o0 P3TSG20108 P2TSG20108 P1TSG20108 POTSG20108
ICTSG20108H FFFF6113, |0 0 | 0 | RFTSG20I08 0 0 0 0
ICTSG20109L FFFF6114y | MKTSG20109 0|0]o0 P3TSG20109 P2TSG20109 P1TSG20109 POTSG20109
ICTSG20109H FFFF6115, |0 0 | 0 | RFTSG20I09 0 0 0 0
ICTSG20110L FFFF6116, | MKTSG20I10 0 |0]oO P3TSG20110 P2T7SG20110 P1TSG20110 POTSG20110
ICTSG20I10H FFFF6117, |0 0 | 0 | RFTSG20I10 0 0 0 0
ICTSG20111L FFFF6118y | MKTSG20I11 0|0]o0 P3TSG20I11 P2TSG20I11 P1TSG20I11 POTSG20111
ICTSG20I11H FFFF6119y | O 0 | 0 | RFTSG20I11 0 0 0 0
ICTSG20112L FFFF611A, | MKTSG20112 0|0]o0 P3TSG20112 P2TSG20112 P1TSG20112 POTSG20112
ICTSG20112H FFFF611By | O 0 | 0 | RFTSG20I12 0 0 0 0
ICTSG20IPEKL FFFF611Cy | MKTSG20IPEK 0 |0]oO P3TSG20IPEK P2TSG20IPEK P1TSG20IPEK POTSG20IPEK
ICTSG20IPEKH FFFF611Dy | O 0 | 0 | RFTSG20IPEK |0 0 0 0
ICTSG20IVLYL FFFF611Ey, | MKTSG20IVLY 0|o0]o0 P3TSG20IVLY P2TSG20IVLY P1TSG20IVLY POTSG20IVLY
ICTSG20IVLYH FFFF611F, | O 0 | 0 | RFTSG20IVLY 0 0 0 0
ICTSG20IERL FFFF6120, | MKTSG20IER 0|o0]o0 P3TSG20IER P2TSG20IER P1TSG20IER POTSG20IER
ICTSG20IERH FFFF6121, | O 0 | 0 | RFTSG20IER 0 0 0 0
ICTSG20IWNL FFFF6122, | MKTSG20IWN 0 |0]oO P3TSG20IWN P2TSG20IWN P1TSG20IWN POTSG20IWN
ICTSG20IWNH FFFF6123, | O 0 | 0 | RFTSG20IWN 0 0 0 0
ICENCAOQIOVL FFFF6146, | MKENCAOIOV 0|0]o0 P3ENCAOIOV P2ENCAOQIOV P1ENCAOQIOV POENCAOQIOV
ICENCAOIOVH FFFF6147y |0 0 | 0 | RFENCAOIOV 0 0 0 0
ICENCAOIOL FFFF6148, | MKENCAOIO o|0|oO P3ENCAOIO P2ENCAOIO0 P1ENCAOIO POENCAOIO
ICENCAOIOH FFFF6149, | O 0 | 0 | RFENCAOIO 0 0 0 0
ICENCAOI1L FFFF614A, | MKENCAOI1 0 (0|0 P3ENCAOIL P2ENCAO0IL P1ENCAOI1 POENCAOIL
ICENCAOI1H FFFF614By | O 0 | 0 | RFENCAOI1 0 0 0 0
ICENCAOQIUDL FFFF614Cy | MKENCAOIUD o |00 P3ENCAOQIUD P2ENCAOQIUD P1ENCAOQIUD POENCAOIUD
ICENCAOIUDH FFFF614Dy | O 0 | 0 | RFENCAOIUD 0 0 0 0
ICENCAOIECL FFFF614E | MKENCAOIEC 0|0]o0 P3ENCAOIEC P2ENCAOIEC P1ENCAOIEC POENCAOIEC
ICENCAOIECH FFFF614F, | O 0 | 0 | RFENCAOIEC 0 0 0 0
ICTPBAOIPRDL FFFF615A, | MKTPBAOIPRD 0 (0|0 P3TPBAOIPRD | P2TPBAOIPRD | PITPBAOIPRD | POTPBAOIPRD
ICTPBAOIPRDH FFFF615By | 0 0 | 0 | RFTPBAOIPRD |0 0 0 0
ICTPBAOIDTYL FFFF615Cy | MKTPBAOIDTY 0|o0]o0 P3TPBAOIDTY P2TPBAOIDTY P1TPBAOIDTY POTPBAOIDTY
ICTPBAOIDTYH FFFF615Dy | O 0 | 0 | RFTPBAOIDTY |0 0 0 0
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Table 4-3 Addresses and Bits of the Interrupt Control Registers (6/6)

Bit

Register Address 7 6 |54 3 2 1 0
ICTPBAOIPATL FFFF615E, | MKTPBAOIPAT 0 |0]oO P3TPBAOIPAT P2TPBAOIPAT P1TPBAOIPAT POTPBAOIPAT
ICTPBAOIPATH FFFF615Fy | O 0 | 0 | RFTPBAOIPAT 0 0 0 0
ICTAPAOIPEKOL FFFF616A, | MKTAPAOIPEKO 0|0]o0 P3TAPAOIPEKO | P2TAPAOIPEKO | PATAPAOIPEKO | POTAPAOIPEKO
ICTAPAOIPEKOH FFFF616B, | O 0 | 0 | RFTAPAOIPEKO |0 0 0 0
ICTAPAOIVLYOL FFFF616Cy | MKTAPAOIVLYO 0|0]o0 P3TAPAOIVLYO | P2TAPAOIVLYO | PATAPAOIVLYO | POTAPAOIVLYO
ICTAPAOIVLYOH FFFF616Dy | O 0 | 0 | RFTAPAOIVLYO |0 0 0 0
ICSWoL FFFF6182, | MKSWO 0 |0]oO P3SWO0 P2SWO0 P1SWO0 POSWO
ICSWOH FFFF6183y, 0 | 0 | RFSWO 0 0 0 0
ICSW1L FFFF6184y, | MKSW1 0|0]o0 P3Sw1 P2Sw1 P1SW1 POSW1
ICSW1H FFFF6185, 0 |0 | RFSW1 0 0 0 0
ICsSw2L FFFF6186, | MKSW2 0|0]o0 P3SwW2 P2SwW2 P1SW2 POSW2
ICSW2H FFFF6187 0 |0 | RFSW2 0 0 0 0
ICSW3L FFFF6188, | MKSW3 0 |0]oO P3SwW3 P2SW3 P1SW3 POSW3
ICSW3H FFFF6189y 0 | 0 | RFSW3 0 0 0 0
ICSWAL FFFF618A, | MKSW4 0|0]o0 P3sSw4 P2Sw4 P1SW4 POSW4
ICSW4H FFFF618By 0 | 0 | RFSW4 0 0 0 0
ICSW5L FFFF618Cy | MKSW5 0|0]o0 P3SW5 P2SW5 P1SW5 POSW5
ICSW5H FFFF618Dy 0 | 0 | RFSW5 0 0 0 0
ICSW6L FFFF618E, | MKSW6 0 |0]oO P3SW6 P2SW6 P1SW6 POSW6
ICSW6H FFFF618Fy 0 | 0 | RFSW6 0 0 0 0
ICSW7L FFFF6190, | MKSW7 0|0]o0 P3sSw7 P2sw7 P1SW7 POSW7
ICSW7H FFFF6191, 0 | 0 | RFSW7 0 0 0 0
ICsSwsL FFFF6192, | MKSW8 0|0]o0 P3sws P2sws P1SW8 POSW8
ICSW8H FFFF6193,, 0 | 0 | RFSW8 0 0 0 0
ICSW9IL FFFF6194, | MKSW9 0 |0]oO P3SW9 P2SW9 P1SW9 POSW9
ICSW9H FFFF6195, 0 | 0 | RFSW9 0 0 0 0
ICSGACMEDIAGL | FFFF61B8;, | MKSGACMEDIAG [0 |0 |0 P3SGACMEDIA | P2SGACMEDIA | PISGACMEDIA | POSGACMEDIA

G G G G
ICSGACMEDIAGH | FFFF61B9y, 0|0 EFSGACMEDIA 0 0 0 0

RO1UHO0336EJ0102 Rev.1.02 RENESAS Page 155 of 1538

Jul 17, 2014




V850E2/PG4-L Section 4 Interrupt Functions

4.3.2 IMRm (m = 0to 13): El Level Interrupt Mask Register

These registers are for aggregating the ICxx.MKxx bits. Bits of the IMRm
register reflect settings of the corresponding ICxx.MKxx bits. Corresponding
ICxx.MKxx bits also reflect the settings of IMRm registers.

Caution The IMRm.IMRmMEIMKDn bits for interrupt sources not listed in Table 4-2 must
always be set to 1.

(1) EIl Level Interrupt Mask Register 0 (IMRO)

Access Readable/writable in 1-, 8-, or 16-bit units. All of the corresponding IMROEIMK
[15:0] bits are updated simultaneously in response to writing in 8- or 16-bit
units.

Address FFFF 64004

Initial value FFFFy

A reset from any source will initialize the bits.

IMRO 15(7) 14(6) 13(5) 12(4) 11(3) 10(2) 9(1) 8(0)
(IMROH) IMROEIMK 1 IMROEIMK | IMROEIMK | IMROEIMK | IMROEIMK | IMROEIMK | IMROEIMK
15 13 12 11 10 9 8
R/W R R/W R/W R/W R/W R/W R/W
7(7) 6(6) 5(5) 4(4) 3(3) 2(2) 1(1) 0(0)
(IMROL) IMROEIMK | IMROEIMK | IMROEIMK 1 IMROEIMK | IMROEIMK | IMROEIMK | IMROEIMK
7 6 5 3 2 1 0
R/W R/W R/W R R/W R/W R/W R/W
Bit Position | Bit Name Function
15t0 0 IMROEIMK15 | These are mask bits for El level maskable interrupt (EIINT) channels 0 to 15
to (IMROEIMK15 to IMROEIMKO correspond to EIINT15 to EIINTO).
IMROEIMKO 0: Enables interrupt servicing
1: Disables interrupt servicing
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(2) El Level Interrupt Mask Register 1 (IMR1)
Access Readable/writable in 1-, 8-, or 16-bit units. All of the corresponding IMR1EIMK
[31:16] bits are updated simultaneously in response to writing in 8- or 16-bit
units.
Address FFFF 6402y
Initial value FFFFy
A reset from any source will initialize the bits.
IMR1 15(7) 14(6) 13(5) 12(4) 11(3) 10(2) 9(1) 8(0)
IMR1H) |/MRIEIMK|IMRIEIMK | IMR1EIMK | IMR1EIMK 1 IMR1EIMK | IMRLEIMK | IMR1EIMK
( ) 31 30 29 28 26 25 24
R/W R/W R/W R/W R R/W R/W R/W
7(7) 6(6) 5(5) 4(4) 3(3) 2(2) 1(1) 0(0)
IMR1L) [MRIEIMK|IMRIEIMK |IMRLEIMK | IMRIEIMK| IMRIEIMK | IMRIEIMK | IMRIEIMK | IMR1EIMK
( ) 23 22 21 20 19 18 17 16
R/W R/W R/W R/W R/W R/W R/W R/W
Bit Position | Bit Name Function
15t00 IMR1EIMK31 | These are mask bits for El level maskable interrupt (EIINT) channels 16 to 31
to (IMR1EIMK31 to IMR1EIMK16 correspond to EIINT31 to EIINT16).
IMR1EIMK16 | O: Enables interrupt servicing
1: Disables interrupt servicing
(3) El Level Interrupt Mask Register 2 (IMR2)
Access Readable/writable in 1-, 8-, or 16-bit units. All of the corresponding IMR2EIMK
[47:32] bits are updated simultaneously in response to writing in 8- or 16-bit
units.
Address FFFF 6404y
Initial value FFFFy
A reset from any source will initialize the bits.
IMR2 15(7) 14(6) 13(5) 12(4) 11(3) 10(2) 9(1) 8(0)
(IMR2H) IMR2EIMK | IMR2EIMK | IMR2EIMK | IMR2EIMK | IMR2EIMK | IMR2EIMK | IMR2EIMK | IMR2EIMK
47 46 45 44 43 42 41 40
R/W R/W R/W R/W R/W R/W R/W R/W
7(7) 6(6) 5(5) 4(4) 3(3) 2(2) 1(1) 0(0)
(IMR2L) IMR2EIMK | IMR2EIMK | IMR2EIMK | IMR2EIMK | IMR2EIMK | IMR2EIMK | IMR2EIMK | IMR2EIMK
39 38 37 36 35 34 33 32
R/W R/W R/W R/W R/W R/W R/W R/W
Bit Position | Bit Name Function
15t0 0 IMR2EIMK47 | These are mask bits for El level maskable interrupt (EIINT) channels 32 to 47
to (IMR2EIMKA47 to IMR2EIMK32 correspond to EIINT47 to EIINT32).
IMR2EIMK32 | 0: Enables interrupt servicing
1: Disables interrupt servicing
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(4) El Level Interrupt Mask Register 3 (IMR3)

Access Readable/writable in 1-, 8-, or 16-bit units. All of the corresponding IMR3EIMK
[63:48] bits are updated simultaneously in response to writing in 8- or 16-bit
units.

Address FFFF 64064
Initial value FFFFy

This register is initialized by any reset.

IMR3 15(7) 14(6) 13(5) 12(4) 11(3) 10(2) 9(1) 8(0)
(IMR3H) IMR3EIMK | IMR3EIMK | IMR3EIMK | IMR3EIMK | IMR3EIMK | IMR3EIMK | IMR3EIMK | IMR3EIMK
63 62 61 60 59 58 57 56
R/W R/W R/W R/W R/W R/W R/W R/W
7(7) 6(6) 5(5) 4(4) 3(3) 2(2) 1(1) 0(0)
IMR3EIMK | IMR3EIMK IMR3EIMK | IMR3EIMK
(IMR3L) 55 54 1 1 1 1 49 48
R/W R/W R R R R R/W R/W
Bit Position | Bit Name Function
15t0 0 IMR3EIMKG63 | These are mask bits for El level maskable interrupt (EIINT) channels 48 to 63
to (IMR3EIMK63 to IMR3EIMK48 correspond to EIINT63 to EIINT48).
IMR3EIMK48 | 0: Enables interrupt servicing
1: Disables interrupt servicing

(5) EIl Level Interrupt Mask Register 4 (IMR4)

Access Readable/writable in 1-, 8-, or 16-bit units. All of the corresponding IMR4EIMK
[79:64] bits are updated simultaneously in response to writing in 8- or 16-bit
units.

Address FFFF 6408y
Initial value FFFFy

A reset from any source will initialize the bits.

IMR4 15(7) 14(6) 13(5) 12(4) 11(3) 10(2) 9(1) 8(0)
(MRaH)| 12 | 12 | 1 | 1 | 1 | 1 | 1 [ 1 |
R R R R R R R R
7(7) 6(6) 5(5) 4(4) 3(3) 2(2) 1(1) 0(0)
IMR4EIMK | IMR4EIMK | IMR4EIMK | IMR4EIMK | IMR4EIMK | IMR4EIMK
(IMR4L) 1 t 69 68 67 66 65 64
R R R/W R/W R/W R/W R/W R/W
Bit Position | Bit Name Function
15t00 IMR4EIMK79 | These are mask bits for El level maskable interrupt (EIINT) channels 64 to 79
to (IMR4EIMK79 to IMR4EIMK64 correspond to EIINT79 to EIINT64).
IMR4EIMKG64 | 0: Enables interrupt servicing
1: Disables interrupt servicing
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(6) EIl Level Interrupt Mask Register 5 (IMR5)
Access Readable/writable in 1-, 8-, or 16-bit units. All of the corresponding IMR5EIMK
[95:80] bits are updated simultaneously in response to writing in 8- or 16-bit
units.
Address FFFF 640Ay4
Initial value FFFFy
A reset from any source will initialize the bits.
IMR5 15(7) 14(6) 13(5) 12(4) 11(3) 10(2) 9(1) 8(0)
IMRSEIMK | IMRSEIMK | IMRSEIMK
(IMR5H) 1 1 1 1 1 % 80 o8
R R R R R R/W R/W R/W
7(7) 6(6) 5(5) 4(4) 3(3) 2(2) 1(1) 0(0)
IMRSEIMK | IMRSEIMK
(IMR5L) o 86 1 1 1 1 1 1
R/W R/W R R R R R R
Bit Position | Bit Name Function
15t0 0 IMR5EIMK95 | These are mask bits for El level maskable interrupt (EIINT) channels 80 to 95
to (IMR5EIMK95 to IMR5EIMKS80 correspond to EIINT95 to EIINT80).
IMR5EIMKS80 | 0: Enables interrupt servicing
1: Disables interrupt servicing
(7) El Level Interrupt Mask Register 6 (IMR6)
Access Readable/writable in 1-, 8-, or 16-bit units. All of the corresponding IMRGEIMK
[111:96] bits are updated simultaneously in response to writing in 8- or 16-bit
units.
Address FFFF 640Cy
Initial value FFFFy
A reset from any source will initialize the bits.
IMR6 15(7) 14(6) 13(5) 12(4) 11(3) 10(2) 9(1) 8(0)
IMRGEIMK | IMRGEIMK | IMRBEIMK | IMRBEIMK IMRGEIMK
(IMR6H) 11 110 109 108 1 1 L 104
R/W R/W R/W R/W R R R R/W
7(7) 6(6) 5(5) 4(4) 3(3) 2(2) 1(1) 0(0)
IMRGEIMK | IMRGEIMK | IMRBEIMK | IMRBEIMK | IMRBEIMK
(IMRSL) 103 102 101 100 99 1 L 1
R/W R/W R/W R/W R/W R R R
Bit Position | Bit Name Function
15t0 0 IMR6EIMK111 | These are mask bits for El level maskable interrupt (EIINT) channels 96 to 111
to (IMR6EIMK111 to IMR6EIMK96 correspond to EIINT111 to EIINT96).
IMRGEIMK96 0: Enables interrupt servicing
1: Disables interrupt servicing
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(8) EIl Level Interrupt Mask Register 7 (IMR7)

Access Readable/writable in 1-, 8-, or 16-bit units. All of the corresponding IMR7EIMK
[127:112] bits are updated simultaneously in response to writing in 8- or 16-bit
units.

Address FFFF 640Ey
Initial value FFFFy

A reset from any source will initialize the bits.

IMR7 15(7) 14(6) 13(5) 12(4) 11(3) 10(2) 9(1) 8(0)
(IMR7H) IMR7EIMK 1 IMR7EIMK | IMR7EIMK | IMR7EIMK | IMR7EIMK | IMR7EIMK | IMR7EIMK
127 125 124 123 122 121 120
R/W R R/W R/W R/W R/W R/W R/W
7(7) 6(6) 5(5) 4(4) 3(3) 2(2) 1(1) 0(0)
IMR7EIMK | IMR7EIMK | IMR7EIMK IMR7EIMK [ IMR7EIMK
(IMR7L) 119 118 117 1 1 1 113 112
R/W R/W R/W R R R R/W R/W
Bit Position | Bit Name Function
15t0 0 IMR7EIMK127 | These are mask bits for El level maskable interrupt (EIINT) channels 112 to
to 127 (IMR7EIMK127 to IMR7EIMK112 correspond to EIINT127 to EIINT112).
IMR7EIMK112 0: Enables interrupt servicing
1: Disables interrupt servicing

(9) El Level Interrupt Mask Register 8 (IMR8)

Access Readable/writable in 1-, 8-, or 16-bit units. All of the corresponding IMRBEIMK
[143:128] bits are updated simultaneously in response to writing in 8- or 16-bit
units.

Address FFFF 6410y
Initial value FFFFy

A reset from any source will initialize the bits.

IMR8 15(7) 14(6) 13(5) 12(4) 11(3) 10(2) 9(1) 8(0)
(IMR8H) IMR8EIMK | IMR8EIMK | IMR8EIMK | IMR8EIMK | IMR8EIMK | IMR8SEIMK | IMR8SEIMK | IMRSEIMK
143 142 141 140 139 138 137 136
R/W R/W R/W R/W R/W R/W R/W R/W
7(7) 6(6) 5(5) 4(4) 3(3) 2(2) 1(1) 0(0)
(IMRSL) IMR8EIMK | IMR8EIMK [ IMR8EIMK | IMR8SEIMK | IMR8EIMK | IMR8SEIMK | IMR8SEIMK | IMRSEIMK
135 134 133 132 131 130 129 128
R/W R/W R/W R/W R/W R/W R/W R/W
Bit Position | Bit Name Function
15t0 0 IMRBEIMK143 | These are mask bits for El level maskable interrupt (EIINT) channels 128 to
to 143 (IMR8BEIMK143 to IMR8EIMK128 correspond to EIINT143 to EIINT128).
IMR(EIMK128 0: Enables interrupt servicing
1: Disables interrupt servicing
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(10) El Level Interrupt Mask Register 9 (IMR9)
Access Readable/writable in 1-, 8-, or 16-bit units. All of the corresponding IMROEIMK
[159:144] bits are updated simultaneously in response to writing in 8- or 16-bit
units.
Address FFFF 6412,
Initial value FFFFy
A reset from any source will initialize the bits.
IMR9 15(7) 14(6) 13(5) 12(4) 11(3) 10(2) 9(1) 8(0)
(MROH)[ 12 | 12 | 1 | 1 | 1 | 1 [ 1 [ 1 |
R R R R R R R R
7(7) 6(6) 5(5) 4(4) 3(3) 2(2) 1(1) 0(0)
(IMROL) | 1 1 1 1 1 1 |MROEIMICIMRIEIMI
R R R R R R R/W R/W
Bit Position | Bit Name Function
15t0 0 IMROEIMK159 | These are mask bits for El level maskable interrupt (EIINT) channels 144 to
to 159 (IMROEIMK159 to IMROEIMK144 correspond to EIINT159 to EIINT144).
IMROEIMK144 0: Enables interrupt servicing
1: Disables interrupt servicing
(11) El Level Interrupt Mask Register 10 (IMR10)
Access Readable/writable in 1-, 8-, or 16-bit units. All of the corresponding
IMR10EIMK[175:160] bits are updated simultaneously in response to writing in
8- or 16-bit units.
Address FFFF 6414
Initial value FFFFy
A reset from any source will initialize the bits.
IMR10  15(7) 14(6) 13(5) 12(4) 11(3) 10(2) 9(1) 8(0)
IMR10EIMK [ IMR10EIMK | IMR10EIMK
(IMR10H) | ™~ 72 174 175 1 1 1 1 1
R/W R/W R/W R R R R R
7(7) 6(6) 5(5) 4(4) 3(3) 2(2) 1(1) 0(0)
IMR10EIMK | IMR10EIMK | IMR10EIMK | IMR10EIMK | IMR10EIMK
(IMR]‘OL) 167 166 165 164 163 1 1 1
R/W R/W R/W R/W R/W R R R
Bit Position | Bit Name Function
15t00 IMR10OEIMK These are mask bits for El level maskable interrupt (EIINT) channels 160 to
175to 175 (IMR10EIMK175 to IMR10EIMK160 correspond to EIINT175 to EIINT160).
IMR10EIMK 0: Enables interrupt servicing
160 1: Disables interrupt servicing
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(12) El Level Interrupt Mask Register 11 (IMR11)
Access Readable/writable in 1-, 8-, or 16-bit units. All of the corresponding
IMR11EIMK][191:176] bits are updated simultaneously in response to writing in
8- or 16-bit units.
Address FFFF 64164
Initial value FFFFy
A reset from any source will initialize the bits.
IMR11 15(7) 14(6) 13(5) 12(4) 11(3) 10(2) 9(1) 8(0)
(MRuH)[ 1 | 1 | 1 | 1 [ 1 | 1 | 1 1|
R R R R R R R R
7(7) 6(6) 5(5) 4(4) 3(3) 2(2) 1(1) 0(0)
IMR11EIMK | IMR11EIMK
(IMR11L) 1 182 181 1 1 1 1 1
R R/W R/W R R R R R
Bit Position | Bit Name Function
15t00 IMR11EIMK191 | These are mask bits for El level maskable interrupt (EIINT) channels 176 to
to 191 (IMR11EIMK191 to IMR11EIMK176 correspond to EIINT191 to EIINT176).
IMR11EIMK176 | O: Enables interrupt servicing
1: Disables interrupt servicing
(13) EIl Level Interrupt Mask Register 12 (IMR12)
Access Readable/writable in 1-, 8-, or 16-bit units. All of the corresponding
IMR12EIMK[207:192] bits are updated simultaneously in response to writing in
8- or 16-bit units.
Address FFFF 6418y
Initial value FFFFy
A reset from any source will initialize the bits.
IMR12 15(7) 14(6) 13(5) 12(4) 11(3) 10(2) 9(1) 8(0)
IMR12EIMK|IMR12EIMK|IMR12EIMK
(IMR12H) 1 1 1 1 1 502 501 500
R R R R R R/W R/W R/W
7(7) 6(6) 5(5) 4(4) 3(3) 2(2) 1(2) 0(0)
(IMR12L) IMR12EIMK|IMR12EIMK|IMR12EIMK|IMR12EIMK|IMR12EIMK|IMR12EIMK|IMR12EIMK 1
199 198 197 196 195 194 193
R/W R/W R/W R/W R/W R/W R/W R
Bit Position | Bit Name Function
15t0 0 IMR12EIMK202 | These are mask bits for El level maskable interrupt (EIINT) channels 192 to
to 207 (IMR12EIMK202 to IMR12EIMK192 correspond to EIINT202 to

IMR12EIMK192

EIINT192).
0: Enables interrupt servicing
1: Disables interrupt servicing
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(14) El Level Interrupt Mask Register 13 (IMR13)
Access Readable/writable in 1-, 8-, or 16-bit units. All of the corresponding
IMR12EIMK[223:208] bits are updated simultaneously in response to writing in
8- or 16-bit units.
Address FFFF 641A4
Initial value FFFFy
A reset from any source will initialize the bits.
IMR12  15(7) 14(6) 13(5) 12(4) 11(3) 10(2) 9(1) 8(0)
IMR13EIMK
(IMR13H) 1 1 1 220 1 1 1 1
R R R R/W R R R R
7(7) 6(6) 5(5) 4(4) 3(3) 2(2) 1(1) 0(0)
(MR1BL)| 1 [ 1 | 1 1 1 1 1 [ 1|
R R R R R R R R
Bit Position | Bit Name Function
15t00 IMR12EIMK223 | These are mask bits for El level maskable interrupt (EIINT) channels 223 to

to

IMR12EIMK208

208 (IMR13EIMK223 to IMR13EIMK208 correspond to EIINT223 to
EIINT208).

0: Enables interrupt servicing

1: Disables interrupt servicing
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4.3.3 ISPR -In-Service Priority Register

This register holds the interrupt priority of El level maskable interrupt (EIINT)
that is being processed by the CPU. When this register receives a response to
interrupt request reception from the CPU core, the bit corresponding to the
interrupt priority of that interrupt request is set. When this register receives a
notification that interrupt servicing is complete, the highest priority bit from
among the set bits is automatically cleared. The bits are not cleared on
recovery from an FE level interrupt. When multiple El level maskable interrupts
(EIINT) are generated, this register sets the bits in sequence corresponding to
the received priority levels and thus holds a history of the interrupt priority
levels.

Access This register can be read* in 8- or 16-bit units.

Either the eight higher-order bits [15:8] or lower-order bits [7:0] may be
accessed by reading in 8-bit units.

Address FFFF 64404
Initial value 00004

A reset from any source will initialize the bits.

ISPR 15(7) 14(6) 13(5) 12(4) 11(3) 10(2) 9(1) 8(0)
(ISPRH) [ ISPR15 | ISPR14 | ISPR13 | ISPR12 | ISPR11 | ISPR10 | ISPR9 | ISPRS |
R* R* R* R* R* R* R* R*
7(7) 6(6) 5(5) 4(4) 3(3) 2(2) 1(1) 0(0)
(ISPRL) | ISPR7 | ISPR6 | ISPR5 | ISPR4 | ISPR3 | ISPR2 | ISPR1 | ISPRO |
R* R* R* R* R* R* R* R*
Bit Position | Bit Name Function
15t0 0 ISPR15 to These bits indicate the priority of the interrupt being acknowledged.
ISPRO 0: Interrupt request of the priority corresponding to the bit position is not
acknowledged.
1: Interrupt request of the priority corresponding to the bit position is being
processed by the CPU core.

Note All of the bits in ISPR can be cleared by simultaneously writing 1 to all bits of
register ISPC and then simultaneously writing 0 to all bits of ISPR (i.e. by using
16-bit operations). Clearing and setting individual bits as required by software
writing to this register is not possible. Once the bits are cleared, the original
values are not retrievable. For details on ISPC register, refer to Section 4.3.5,
ISPC — In-Service Priority Clear Register.
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4.3.4 PMR -Priority Mask Register

This register specifies an interrupt priority by which an interrupt request flag of
El level maskable interrupt (EIINT) is to be masked. It disables all at once the
interrupt requests from the EIINT channel for which the interrupt priority
specified by this register is set.

The position of each bit of this register corresponds to an interrupt priority. For
example, if 1 is set to bit 0, channel of interrupt priority O can be masked.

Access Readable/writable in 1-, 8-, or 16-bit units.

Either the eight higher-order bits [15:8] or lower-order bits [7:0] may be
accessed by reading in 8-bit units.

Address FFFF 6448
Initial value 00004

A reset from any source will initialize the bits.

PMR 15(7) 14(6) 13(5) 12(4) 11(3) 10(2) 9(1) 8(0)
(PMRH) | PMR15 | PMR14 | PMR13 | PMR12 | PMR11 | PMR10 | PMR9 | PMRS |
RIW RIW RIW RIW RIW RIW RIW RIW
7(7) 6(6) 5(5) 4(4) 3(3) 2(2) 1(1) 0(0)
(PMRL) | PMR7 | PMR6 | PMR5 | PMR4 | PMR3 | PMR2 | PMR1 | PMRO |
RIW RIW RIW RIW RIW RIW RIW RIW
Bit Position | Bit Name Function
15to 0 PMR15 to These bits specify an interrupt priority by which an interrupt request flag is
PMRO masked:

0 : Enables interrupt servicing of the priority corresponding to a specified bit
position (initial value).

1 : Disables interrupt servicing of the priority corresponding to a specified bit
position.
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4.3.5 ISPC-In-Service Priority Clear Register
This register is for the clearing of settings for interrupt priority and for the
control of operations.
Follow the procedure below to clear ISPR.
1. Write FFFFy to ISPC.ISCPC[15:0] (as a 16-bit unit).
2. Write 00004 to ISPR.ISPR[15:0] (as a 16-bit unit).
At the same time, the bits indicating processing of an FE level NMI, FE level-
maskable interrupt (FEINT), and El level-maskable interrupt (EIINT) are
cleared in ICSR. This clears all interrupt processing mode registers within the
interrupt controller that control the processing in progress of interrupt requests
by the CPU core. Once the bits have been cleared (to 0), their original values
are not retrievable by software.
When the ISPR is cleared by writing 0 to it, the value in the ISPC is also
automatically cleared to 0. When register ISPC is read, the value 1 is read
from all bits after 1 has been written to all bits, and the value 0 is read from all
bits after a reset or clearing of the ISPR. Writing other than writing 1 to all bits
or O to all bits leaves the register's value unchanged. Furthermore, although
writing 0 to all bits while all bits currently have the value 1 clears all bits of
register ISPC to O but leaves the value in ISPR unchanged.
Access Readable/writable in 16-bit units only.
Address FFFF 64504
Initial value 00004
A reset from any source will initialize the bits.
ISPC 15 14 13 12 11 10 9 8
ISPC15 | ISPC14 | ISPC13 | ISPC12 | ISPC11 | ISPC10 ISPC9 ISPCS8
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
ISPC7 ISPC6 ISPC5 ISPC4 ISPC3 ISPC2 ISPC1 ISPCO
R/W R/W R/W R/W R/W R/W R/W R/W
Bit Position | Bit Name Function
15to 0 ISPC15 to Controls clearing of bits of the in-service priory register (ISPR.ISPR[15:0]).
ISPCO When the register is read, either all bits are read as 1 or all bits are read as 0.

When 1 is read from all of the bits, writing O to all bits of the ISPR will clear the
ISPR.
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4.3.6 SCR - Selected Channel Hold Register

This register holds the channel number of the EI level maskable interrupt
(EIINT). The value of this register is updated when an interrupt vector is
reported to the CPU core.

Access This register is read-only and is read in 8- or 16-bit units.

Either the eight higher-order bits [15:8] or lower-order bits [7:0] may be
accessed by reading in 8-bit units.

Address FFFF 6458,
Initial value 00004

A reset from any source will initialize the bits.

SCR 15 14 13 12 11 10
0 0 0 0 0 0
7 6 5 4 3 2 1 0
(SCRL) | SCRY7 SCR6 SCR5 SCR4 SCR3 SCR2 SCR1 SCRO
R R R R R R R R
Bit Position | Bit Name Function
7t00 SCR7 to Holds the channel number of the maskable interrupt that has been acknowledged
SCRO by the CPU.

Caution 1. It is overwritten when multiple interrupts of El level maskable interrupt
(EIINT) are acknowledged.

Caution 2. These bits are not updated when an FE level interrupt is
acknowledged.
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4.3.7 ICSR - Interrupt Controller Status Register
This register indicates the operation status of the interrupt controller.
Access This register is read-only and is read in 1-, 8-, or 16-bit units.
Either the eight higher-order bits [15:8] or lower-order bits [7:0] may be
accessed by reading in 8-bit units.
Address FFFF 645A
Initial value 00004
A reset from any source will initialize the bits.
ICSR 15 14 13 12 11 10 9 8
(ICSRH) | 0 0 0 0 0 0 0 |ICSRPMF
R R
7 6 5 4 3 2 1 0
(ICSRL) | 0 ICSRFNR| ICSRFIR | ICSREIR 0 ICSRFNE| ICSRFIE | ICSREIE
R R R R R R R R
Bit Position | Bit Name Function
8 ICSRPMF Indicates 1 if the request flag of a channel of El level maskable interrupt (EIINT) that has
the interrupt priority prohibited by the setting of PMR from being serviced is set.
6 ICSRFNR Indicates 1 if an FE level non-maskable interrupt (FENMI) has been issued to the CPU.
5 ICSRFIR Indicates 1 if an FE level maskable interrupt (FEINT) has been issued to the CPU.
4 ICSREIR Indicates 1 if an El level maskable interrupt (EIINT) has been issued to the CPU.
2 ICSRFNE Indicates 1 if an CPU is processing the FE level non-maskable interrupt (FENMI).
1 ICSRFIE Indicates 1 if an CPU is processing the FE level maskable interrupt (FEINT).
0 ICSREIE Indicates 1 if an CPU is processing the El level maskable interrupt (EIINT).

RO1UHO336EJ0102 Rev.1.02

Jul 17, 2014

RENESAS Page 168 of 1538



V850E2/PG4-L

Section 4 Interrupt Functions

4.3.8 FNC-FE Level NMI Status Register
This register is a flag register that indicates the state of control for FE level
non-maskable interrupt (FENMI).
Access This register is read-only and is read in 1-, 8-, or 16-bit units.
Either the eight higher-order bits [15:8] or lower-order bits [7:0] may be
accessed by reading in 8-bit units.
Address FFFF 645C
Initial value 00004
A reset from any source will initialize the bits.
FNC 15 14 13 12 11 10
(FNCH) [ 0 0 0 FNRF 0 0
R
4
0
Bit Position | Bit Name Function
12 FNRF Interrupt request flag

0: No interrupt request (initial value)
1: Interrupt request occurred

RO1UHO336EJ0102 Rev.1.02

Jul 17, 2014

RENESAS

Page 169 of 1538



V850E2/PG4-L

Section 4 Interrupt Functions

4.3.9 FIC-FE Level INT Status Register
This register is a flag register that indicates the state of control for FE level
maskable interrupt (FEINT).
Access This register is read-only and is read in 1-, 8-, or 16-bit units.
Either the eight higher-order bits [15:8] or lower-order bits [7:0] may be
accessed by reading in 8-bit units.
Address FFFF 645Ey
Initial value 00004
A reset from any source will initialize the bits.
FIC 15 14 13 12 11 10
(FICH) 0 0 0 FIRF 0 0
R
4
0
Bit Position | Bit Name Function
12 FIRF Interrupt request flag
0: No interrupt request (initial value)
1: Interrupt request occurred
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4.3.10

Access

Address

Initial value

INTCFGB|INTCFGSLO 0 0

INTCFGB - FE level Interrupt Switch Register
This register specifies the destination for output from an interrupt source that is
switchable between FE-level and El-level operation.

Once a value has been written to this register, the value is locked into the
register until a reset.

This register is readable and writable in 1- and 8-bit units. Do not write 1 to any
bit for which no function is indicated.

Bits 6 to 0 are always returned as 0 when this register is read.
FF83 A000

004

A reset from any source will initialize the bits.

7 6 5 4 3

o
o
o

R/W

Bit Position

Bit Name

Function

7

INTCFGSLO 0: The INTCME, INTWDTAONMI, INTCLMA1 and INTCLMAZ interrupts

generate an FENMI. The INTISG interrupt generates a FEINT.
1: The INTCME interrupt is output as the EIINTO interrupt,

the INTISG interrupt is output as the EIINT1 interrupt,

the INTWDTAONMI interrupt is output as the EIINT2 interrupt,

the INTCLMAL interrupt is output as the EIINT5 interrupt, and

the INTCLMAZ interrupt is output as the EIINT6 interrupt.

Caution

Procedure for settings

The procedure for switching an FE level interrupt to an El level interrupt is
given below.

1. Release from reset.

2. Disable output of interrupt signals from the safety guardian (INTISG
signals); output is disabled with the initial value.

3. Select El-level operation by writing to this register (INTCFGB).

4. Enable operation of WDTAO, CLMA1 and CLMAZ2, and output of interrupt
signals from the safety guardian.

When changing the setting of this register, only do so when the state is such
that interrupts from none of the following sources will be generated (i.e. before
their operation is enabled).

* INTISG
* INTWDTAONMI
* INTCLMAL, INTCLMAZ2
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4.3.11 INTSTROB — Error Interrupt Source Storage Register
This register identifies whether an interrupt request is generated or not from an
interrupt source that is switchable between FE-level and El-level operation.

An individual bit is set by either the generation of an interrupt from the
corresponding source or writing to the corresponding bit in the INTSTSO0B
register.

An individual bit is cleared by either writing 1 to the corresponding bit in the
error interrupt source flag clearing trigger register INTSTCOB) or a reset.

Access This register is read-only and may be read in 1- or 8-bit units.
Address FF83 A004y

Initial value 00y

A reset from any source will initialize the bits.

6 5 4 3 2 1 0
INTSTROB 0 0 INTISTF5 | INTISTF4 0 INTISTF2 | INTISTF1 | INTISTFO
R R R R R R R
Bit Position | Bit Name Function
5 INTISTF5 0: The INTCLMAZ interrupt is not requested.
1: The INTCLMAZ interrupt is requested.
4 INTISTF4 0: The INTCLMAL interrupt is not requested.
1: The INTCLMAL interrupt is requested.
2 INTISTF2 0: The INTWDTAONMI interrupt is not requested.
1: The INTWDTAONMI interrupt is requested.
1 INTISTF1 0: The INTISG interrupt is not requested.
1: The INTISG interrupt is requested.
The INTISG interrupt signal is masked.
0 INTISTFO 0: The INTCME interrupt is not requested.

1: The INTCME interrupt is requested.
The INTCME interrupt signal is masked.

Caution1l. Whenthe INTSTROB.INTISTF1 or O bit is 1, the given interrupt source is
masked to avoid the generation of multiple interrupts. With INTCLMA2,
INTCLMA1 and INTWDTAONMI, further interrupts will not be generated once
one interrupt has been generated and until a reset is input. Clear the bit if the
generation of multiple interrupts or a new interrupt is required.

Caution 2. When a CPU comparison error occurs, an SGA status register (specifically the
SGAMESSTR0.SGAMSSEOO5 bit) must be read to determine whether the
error has occurred because in some cases the error indicator will not be set in
register INTSTROB (interrupt error source storage register).
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4.3.12 INTSTCOB - Interrupt Request Flag Clearing Register

This register is used to clear error interrupt source flags.

Writing 1 to a bit corresponding to an interrupt request flag that you wish to
clear causes clearing of the corresponding flag in the interrupt request flag
storage register (INTSTROB) and the value of the bit in this register reverts to
0.

Access This register is write-only with writing in 1- or 8-bit units. Do not write 1 to any
bit for which no function is indicated.

This register always returns 0 when read.
Address FF83 A008y

Initial value 00y

A reset from any source will initialize the bits.

6 5 4 3 2 1 0
INTSTCOB 0 0 INTISTC5 | INTISTC4 0 INTISTC2 | INTISTC1 | INTISTCO
W W W W W W W W
Bit Position | Bit Name Function
5 INTISTCS 0: No processing.

This bit is always read as 0.
1: Clears the INTISTF5 flag.

4 INTISTC4 0: No processing.
This bit is always read as 0.
1: Clears the INTISTFA4 flag.

2 INTISTC2 0: No processing.
This bit is always read as 0.
1: Clears the INTISTF2 flag.

1 INTISTC1 0: No processing.
This bit is always read as 0.
1: Clears the INTISTF1 flag.

0 INTISTCO 0: No processing.
This bit is always read as 0.
1: Clears the INTISTFO flag.
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4.3.13 INTSTSOB - Interrupt Request Flag Setting Register

This register sets an interrupt error source flag.

Writing 1 to a bit corresponding to an interrupt request flag that you wish to set
causes setting of the corresponding flag in the interrupt error source storage
register to 1 and the value of the bit in this register reverts to 0.

An interrupt will not be generated when a bit in this register is set to 1.

Access This register is write-only with writing in 1- or 8-bit units. Do not write 1 to any
bit for which no function is indicated. This register always returns 0 when read.

Address FF83 AOOCH
Initial value 00y

A reset from any source will initialize the bits.

6 5 4 3 2 1 0
INTSTSO0B 0 0 INTISTSS | INTISTS4 0 INTISTS2 | INTISTS1 | INTISTSO
W W W W W W W W
Bit Position | Bit Name Function
5 INTISTS5 0: No processing.

This bit is always read as 0.
1: Sets INTISTFS5 flag.

4 INTISTS4 0: No processing.
This bit is always read as 0.
1: Sets INTISTF4 flag.

2 INTISTS2 0: No processing.
This bit is always read as 0.
1: Sets INTISTF2 flag.

1 INTISTS1 0: No processing.
This bit is always read as 0.
1: Sets INTISTF1 flag.

0 INTISTSO 0: No processing.
This bit is always read as 0.
1: Sets INTISTFO flag.
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4.4 Interrupt Acknowledgment and Restoring

This section describes the operation during interrupt acknowledgment and
restoring from interrupt servicing.

4.4.1 FE Level Non-Maskable Interrupt Caused by FENMI Interrupt
Request

When an FENMI interrupt is requested, an FE level non-maskable interrupt is
generated in CPU. This FE level non-maskable interrupt is used when a fatal
system error occurs.

Caution  Upon acknowledgment of the FENMI interrupt, generation of the next FENMI,
FEINT, or EIINT interrupt is pended until the FERET instruction is executed
(interrupt request is acknowledged and held.)
FENMI can be acknowledged even when the NP bit is set to 1. Therefore, if the
FENMI interrupt occurs during the processing of an FEINT exception, PPI
exception, or other FE level exceptions, the save address is lost and cannot be
restored. After a FENMI interrupt is requested and the required processing has
been completed, execute a system reset.
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T (FENMI interrupt request>

INTC acknowledged |

FNC.FNRF =— 1

No

ICSR.FNR —=— 1

FE Ieve! non-maskable Interrupt request is retained
interrupt

FEPC <— PC value on return
FEPSW —=— PSW

FEIC -<— Exception code
PSWNP < 1

PSW.ID —=— 1

CPU processing

PSWEP =— 0

Yes

MPM.AUE = 1? ~

No PSWPP =
PSWNPV =
PSW.DMP =
PSW.IMP =

o O oo

PC —<— Handler
address
ICSR.FNE =— 1
FNC.FNRF =— 0
ICSRFNR =— 0

C Interrupt processing )

Note If a processor protection exception (MDP or MIP) occurs, the PSW.PP, NPV, DMP,
and IMP bits are always cleared (0), regardless of the status of MPM.AUE.

Figure 4-1 Processing upon Occurrence of FENMI Interrupt Request
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4.4.2 Restore from FE Level Non-Maskable Interrupt (FENMI)

An FE level non-maskable interrupt (FENMI) cannot be restored since it is an
interrupt used in cases such as when a fatal system error occurs. Execute a
system reset after exception processing.

4.4.3 FE Level Maskable Interrupt Caused by FEINT Interrupt
Request

When an FEINT interrupt is requested by the FEINT pin, an FE level maskable
interrupt is generated. This interrupt is a recoverable FE level interrupt.

Upon acknowledgment of the FEINT interrupt, generation of the next FEINT or
EIINT interrupt is pended until the FERET instruction is executed. Interrupt
request is acknowledged and held.
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INTC acknowledged

CPU processing

Note

T (FEINT interrupt request >

FNC.FNRF —=— 1

ICSR.FNE =1 or
ICSR.FIE=1?

No

ICSR.FNR  =— 1

FE level maskable

+ )

Yes

Clnterru pt request is retained>

No

interrupt
PSW.NP =0
Yes

FEPC <— PC value on return
FEPSW —=— PSW
FEIC -<— Exception code
PSW.NP —=— 1
PSW.ID =1

Clnterrupt request is retained)

PSWEP —=— 0

*

Yes

MPM.AUE = 17

No

PSW.PP -— 0
PSW.NPV =— 0
PSW.DMP =— 0
PSW.IMP  =— 0

PC ~<— Handler
address

ICSR.FNE =— 1

FNC.FNRF =— 0

ICSRFNR =— 0

( Interrupt processing )

If a processor protection exception (MDP or MIP) occurs, the PSW.PP, NPV, DMP,
and IMP bits are always cleared (0), regardless of the status of MPM.AUE.

Figure 4-2 Processing upon Occurrence of FEINT Interrupt Request

RO1UHO0336EJ0102 Rev.1.02
Jul 17, 2014

RENESAS

Page 178 of 1538




V850E2/PG4-L

Section 4 Interrupt Functions

4.4.4

Caution

Restore from FE Level Maskable Interrupt (FEINT) Servicing

Restore from FE level maskable interrupt (FEINT) servicing is performed using
the FERET instructions. Execution of the FERET instruction while the PSW.EP
bit status is cleared (0) causes restore processing from the FE level maskable
interrupt (FEINT). Completely restoring from interrupt servicing when the
PSW.EP bit is "1" is not possible (clearing of the ICSR, ISPR, and other
registers is not performed). For return from FE level maskable interrupts
(FEINT), execute the FERET instruction with the PSW.EP bit always cleared

(0).

Although this CPU core incorporates an RETI instruction, this is only provided
for backward compatibility with the VB50E1 and V850E2 architectures and its
use is, in principle, prohibited.

Replace all RETI instructions other than existing programs that cannot be
modified with EIRET or FERET instructions.

( Starts FERET execution )

| ICSRFNE =— 0

| ICSR.FIE -— 0 |

The highest currently
set priority level bit
in the ISPR is cleared (to 0)|

. No
All bits of ISPR = 0? -

i Yes

| ICSR.EIE -— 0 |

| '
e

PC < FEPC
PSW —=— FEPSW

Completes FERET
instruction execution

Note The shaded portions indicate processing which does not branch during

return from servicing of an FE level maskable interrupt (FEINT).

Figure 4-3 Restore from FE Level Maskable Interrupt (FEINT) Servicing
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4.4.5

Caution

El Level Maskable Interrupt Caused by EIINT Interrupt
Request

An El level-maskable interrupt leads to an EIINT interrupt request for the CPU:
the transition to the interrupt handler is in accord with the setting of the IMR
register in the interrupt controller (INTC). This interrupt is a recoverable El
level interrupt.

In the case of an EIINT interrupt, the channel number where the interrupt input
occurred is set to the SCR register. As a result, the channel number can be
easily known when wishing to share the same interrupt vectors among several
channels.

Upon acknowledgment of the El level interrupt, the priority level of the currently
acknowledged interrupt is registered to the ISPR register (in-service priority
register). Then, until execution of the EIRET instruction, interrupt with a priority
level lower than that of this ISPR register are not generated. Interrupt request
is acknowledged and held.

Registration of the priority level of the currently acknowledged interrupt and
deletion of the priority level of the interrupt during EIRET to/from the ISPR
register are automatically performed by the hardware. Write to the ISPR
register cannot be performed by software. Write operations are ignored.
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INTC
acknowledged

CPU processing

— C EIINT interrupt request)

EICEIRF —=— 1

IINT interrupt reques
with priority level lower
than ISPR2

Priority level masked
by PMR?

ICSR.PMF  =— 1

Yes

ICSR.FNE =1 or
ICSR.FIE=1?

ICSREIR = 1

- C

El level maskable
interrupt request

Yes
< rmn "
Yes
EIPC ~—PC value on return Cnterrupt request is retainecD
EIPSW ~— PSW
ElIC ~— Exception code
PSW.ID -1

\
PSW.EP -— 0

MPM.AUE = 1?

o O oo

No PSW.PP
PSW.NPV
PSW.DMP
PSW.IMP
|
PC ~— Handler
address

ICSR.EIE -1

EIC.EIRF -0

ICSR.EIR -—0

Corresponding bit of SCR =— 1

Corresponding bit of ISPR <— 1

C Interrupt processing )

Figure 4-4 Processing upon Occurrence of EIINT Interrupt Request
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4.4.6 Restore from El Level Maskable Interrupt (EIINT)

Restore from El level maskable interrupt (EIINT) is performed using the EIRET
instruction. Execution of the EIRET instruction while the PSW.EP bit status is

cleared (0) causes restore processing from the interrupt. Completely restoring
from interrupt servicing when the PSW.EP bit is "1" is not possible (clearing of
the ICSR, ISPR, and other registers is not performed). For return from El level
maskable interrupt, execute the EIRET instruction with the PSW.EP bit always
cleared (0).

Caution Although this CPU core incorporates an RETI instruction, this is only provided
for backward compatibility with the VB50E1 and V850E2 architectures and its
use is, in principle, prohibited.

Replace all RETI instructions other than existing programs that cannot be
modified with EIRET or FERET instructions.

( Starts EIRET execution )

| ICSR.FIE -— 0 |

No The highest currently
set priority level bit in
the ISPR is cleared (to 0)

PC -— EIPC
PSW =— EIPSW

Completes EIRET
instruction execution

Note The shaded portions indicate processing which does not branch during

return from servicing of an El level maskable interrupt (EIINT).

Figure 4-5 Restore from El Level Maskable Interrupt (EIINT)
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4.5 Interrupt Operation

4.5.1 Mask Function of El Level Maskable Interrupt (EIINT)

Interrupt masking can be specified for each respective interrupt channel of
EIINT. Interrupt masking is performed by doing the following register settings.

ICxx.MKxx Operation
1 Masks interrupt.
0 Enables interrupt.

An ICxx.MKxx bit works in conjunction with the corresponding IMRMEIMKn (n
= 223) bit, so values can be read from and written to the IMRm (m = 0 to 13)
registers.

1. Writing 1 to an IMRmEIMKn bit prohibits interrupts on the corresponding
channel.

2. When an ICxx.MKxx bit is read, it is read as 1.

Caution For ICxx.MKxx and IMRm.IMRmEIMKn bits, processing subsequent to
retention of the interrupt is masked. Acceptance and holding of interrupt
requests still proceeds if the ICxx.MKxx and IMRm.IMRmMEIMKn bits are set to
1. Furthermore, when an interrupt is blocked by setting of the ICxx.MKxx or
IMRmM.IMRmMEIMKn bit, an interrupt will not be generated even if software
requests an interrupt. Moreover, when the value 0 is restored to an ICxx.MKxx
and IMRm.IMRmEIMKn bit that is blocking an interrupt request while the
request is held pending, the interrupt will be generated at that time. To delete a
pending interrupt request that is currently held pending, clear the
corresponding ICxx.RFxx bit.

4.5.2 Interrupt Priority Level Judgment

When an FE level non-maskable interrupt (FENMI), FE level maskable
interrupt (FEINT), or El level maskable interrupt (EIINT) is input, the priority
levels of other exceptions are taken into account in determining which is to
proceed, and the request becomes that for the exception with the highest
priority (including the interrupt).

Exceptions requested at the same time (including interrupts) are processed in
a pre-allocated priority order (the default priority order). The priority orders of
FENMI, FEINT, and EIINT interrupts are as follows.

FENMI > FEINT > EIINT

(For other exceptions, see Table 4-2, List of Interrupt Sources, and V850E2M
Architecture Manual (ROLUSO0O01E).)

The priority of EIINT interrupts can be set for each interrupt source. The
interrupt priority is set in the range from 0 to 15 by the ICxx.P3xx to ICxx.POxx
bits. 0 is for the highest priority level and 15 is for the lowest. If two or more
EIINT interrupts have the same priority level, the interrupt with the lowest
channel number takes the priority.
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Table 4-4 Example of EIINT Interrupt Priority Level Settings and Priority Levels

EIINT P3xx to POxx Setting Priority Level During Operation
EIINTO 10

EIINT1
EIINT2
EIINT3
EIINT4
EIINTS
EIINT6
EIINT7
EIINT8
EIINT9
EIINT10

[N
[N

NIN|IFRP|IFRPINI NP OIOIAM ®
Ol 0| | N|O| W[N]

During interrupt servicing, the interrupt controller also processes multiple
interrupts acknowledging other interrupts. When multiple EIINT interrupts are
requested at the same time, the interrupt to be acknowledged is determined
with the following procedure.

(1) Comparison with the Priority Level as the Interrupt Currently Being
Serviced

Interrupts with the same or lower priority level as the interrupt currently being
serviced are held.

The priority level of the interrupt currently being serviced is held in the ISPR
register.

Interrupts with a higher priority level than the interrupt currently being serviced
go on to the next priority judgment stage.

(2) Masking through Priority Mask Register (PMR)

Only interrupts enabled by the PMR register go on to the next priority judgment
stage.

(3) Of the Requested Interrupt Sources, that with the Highest Priority Level
is Selected

In the case of simultaneous interrupt requests at the highest priority level from
multiple sources, that with the lowest interrupt channel number is selected.

(4) Interrupt Hold by CPU

Interrupt acknowledgment is pended according to the state of the NP and ID
bits of the PSW register. At this time, priority judgment among EIINT interrupts,
and priority judgment among EIINT interrupts, FEINT interrupts, and FENMI
interrupts is performed even while interrupt acknowledgment is pended, and
the interrupt with the highest priority is selected upon realization of the
acknowledgment condition.

Example  When a priority level 5 EIINT interrupt has already been requested and interrupt
generation is pended because the value of the PSW.ID bit is "1", a subsequent priority
level 3 EIINT interrupt is requested. Then, if the PSW.ID bit is cleared (0), the priority level
3 EIINT interrupt is generated.
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Multiple interrupt servicing in which an interrupt is acknowledged while another
interrupt is being serviced is shown in Figure 4-6.

When an interrupt request signal is acknowledged, the PSW.ID flag is
automatically set to 1. Therefore, when multiple interrupts are to be used, clear
the ID flag to 0 beforehand (for example, by placing the El instruction in the
interrupt service program) to set the interrupt enable mode.
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( Main

routine )

Interrupt request a —
(level 3)

Interrupt request ¢ —
(level 3)

Interrupt request e —
(level 2)

|

Interrupt
request b
(level 2) —

Interrupt
request d
(level 2) —

/4

Interrupt
request f
level 3) —

\ /)

N

Servicing of a Servicing of b

Interrupt request b is acknowledged because the
priority of b is higher than that of a and interrupts
are enabled.

Servicing of ¢

Although the priority of interrupt request d is higher
than that of ¢, d is held pending because interrupts
are disabled.

Servicing of d

Servicing of e

Interrupt request f is held pending even if interrupts
are enabled because its priority is lower than that of
e.

Servicing of f

Servicing of g

Interrupt request g — Interrupt
(level 1) request h—= Interrupt request h is held pending even if interrupts
% are enabled because its priority is the same as that of
g.
\ Servicing of h
Caution  To perform multiple interrupt servicing, the values of the EIPC and EIPSW registers must be
saved before executing the El instruction. When returning from multiple interrupt servicing,
restore the values of EIPC and EIPSW after executing the DI instruction.
Note 1. The letters a to h in the figure are simply labels for convenient reference to the
interrupt requests in the explanation.
Note 2. The default priority in the figure indicates the relative priority between two interrupt
request signals.
Figure 4-6 Example of Processing in which Another Interrupt Request Signal is

Issued while an Interrupt is being Serviced (1/2)
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‘ Servicing of i

ferrupt request j

Interrupt request i — (level 3) =

level 2 terrupt request k
(level 1) —
Servicing of
/ Servicing of |
rrupt request m
Interrupt request | — (level 3) =
(level 2) Interrupt request n

level 1) =

Servicing of n

/ﬂ

Servicing of m

(level 3)

(level2) ™ \menupt requestq

Servicing of s

Interrupt request s —
(level 1)

Interrupt request u
level 2)

—

Servicing of u

Servicing of t

(level 1) =" Interrupt request r
(level 0) =

Servicing of k

Interrupt request j is held pending because its
priority is lower than that of i.

k that occurs after j is acknowledged because it
has the higher priority.

Interrupt requests m and n are held pending
because servicing of | is performed in the interrupt
disabled status.

Pending interrupt requests are acknowledged after
servicing of interrupt request I.

At this time, interrupt request n is acknowledged
first even though m has occurred first because the
priority of n is higher than that of m.

Serwcmg ofo
Semcmg of p .
Interrupt request o — Servicing of q .
terrupt request p El Servicing of r

If levels 3 to 0 are acknowledged

Pending interrupt requests t and u are
acknowledged after servicing of s.

Because the priorities of t and u are the same, u is
acknowledged first because it has the higher
default priority, regardless of the order in which the
interrupt requests have been generated.

Caution  To perform multiple interrupt servicing, the values of the EIPC and EIPSW registers must be
saved before executing the El instruction. When returning from multiple interrupt servicing,
restore the values of EIPC and EIPSW after executing the DI instruction.

*1. Lower default priority.
*2. Higher default priority.
Note 1. The lettersito u in the figure are simply labels for convenient reference to the
interrupt requests in the explanation.
Note 2. The default priority in the figure indicates the relative priority between two interrupt
request signals.
Figure 4-6 Example of Processing in which Another Interrupt Request Signal is

Issued while an Interrupt is being Serviced (2/2)
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Main routine

i

Interrupt request a (level 2)
Interrupt request b (level 1)~

Servicing of interrupt request b Interrupt request b and c are
Interrupt request c (level 1) 'cing ot interrupt requ ' P.req

acknowledged first according to their
priorities.

¢ Because the priorities of b and ¢ are
the same, b is acknowledged first

Default priority according to the default priority.

a>b>c

Servicing of interrupt request ¢

Servicing of interrupt request a

/il

Caution  To perform multiple interrupt servicing, the values of the EIPC and EIPSW registers must be
saved before executing the El instruction. When returning from multiple interrupt servicing,
restore the values of EIPC and EIPSW after executing the DI instruction.

Note 1. The letters a to c in the figure are simply labels for convenient reference to the
interrupt requests in the explanation.

Note 2. The default priority in the figure indicates the relative priority between two interrupt
request signals.

Figure 4-7 Example of Servicing Interrupt Request Signals Simultaneously
Generated
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4.5.3 Priority Mask Function
The priority mask function prohibits in batch EIINT interrupts of the specified
interrupt priority level.

The interrupt masking priority level is specified with the PMR register. Masking
and acknowledgment can be set for each priority level.

The following operations are possible using this function.

» Temporary prohibition of interrupts that have a priority level that is lower
than a given priority level

» Temporary prohibition of interrupts that have a given priority level

PMR.PMRm Operation

0 Acknowledges requests from priority level m interrupt source.

1 Masks requests from priority level m interrupt source.
Note: m=0to 15

The PMR register prohibits interrupt occurrence. Interrupt request is
acknowledged and held even while the interrupt occurrence is prohibited.

The presence of EIINT interrupts held pending with this function can be
checked with Section 4.5.4, Pending Interrupt Report Function.
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4.5.4 Pending Interrupt Report Function

The state of the currently pending interrupt can be checked with the pending
interrupt report function.

This function allows checking of the following states.

« When interrupts that are masked only by the priority mask function (PMR)
exist

The ICSR.PMF bit is set to 1.

The only case where the ICSR.PMF bit is not set to 1 is when the setting in
the ISPR register is masking interrupts at the given priority level or the
interrupt is masked by settings of the ICxx.MKxx and IMRm.IMRmEIMKn
bits. Thus, the existence of priority requests pended through the priority
mask function can be checked while interrupts are prohibited through
priority masking.

* When El level maskable interrupt request is not output to the CPU

The ICSR.EIR bit is set to 1.

By looking at the ICSR.EIR bit in the interval during which PSW.ID = 1, itis
possible to check whether an EIINT interrupt request exists.

» When FE level maskable interrupt request is not output to the CPU

ICSR.FIR bit is set to 1.

By looking at the ICSR.FIR bit in the interval during which PSW.NP =1, itis
possible to check whether a FEINT interrupt request exists.

4.5.5 In-Service Priority Clear Function

This function initializes the internal status of the interrupt controller. It operates
when the ISPC register is accessed. The following operations are possible
using this function.

e Clear all contents of ISPR register
» Clear ICSR.EIE, FIE, and FNE bits

All the bits of ISPR register can be cleared to 0 by writing “1” to all bits of this
register and then writing “0” to all bits of ISPR. Moreover, the ICSR.EIE, FIE,
and FNE bits, which all indicate state in which an interrupt request is being
processed by the CPU core, are all cleared.

The value of the ISPC register is automatically cleared to 0 by writing 0 to all
the bits of ISPR. The values of the bits of ISPR remain unchanged when the
same value is not written to all of the bits.

RO1UHO336EJ0102 Rev.1.02 RENESAS Page 190 of 1538
Jul 17, 2014



V850E2/PG4-L

Section 4 Interrupt Functions

4.6 Exception Handler Address Switching Function

Interrupt handler addresses can be switched by software.

For details, refer to VB50E2M Architecture Manual (ROLUSOO0O1E).

4.7 Interrupt Response Times

Response times from the generation of an interrupt request until activation of interrupt
servicing are described below.

CPU clock
(HEAPCLK)

Instruction (first instruction

of the interrupt service routine) <

oy

Interrupt acknowledgement

|

Instruction 1| IF DP ID EX AT DF | WB
Instruction 2 IF DP ID EX [(invalid) | (Invalid)| (Invalid)
Interrupt acknowledgement operation INT1 | INT2 | INT3 | INT4 | INT5 | INT6 | INT7

IF [ boP [ D | EX |

7 CPU-clock cycles

Interrupt Response Times

Minimum

Maximum

Internal interrupt

7 HEAPCLK

12 HEAPCLK

External interrupt

THEAPCLK + (digital noise
cancellation time + 1HEAPCLK)

12HEAPCLK + (digital noise

cancellation time + 1HEAPCKL)

Pins.

Note 1. In addition to the times described above, the internal interrupt requires from a
minimum of 1HEAPCLK to a maximum of 3HEAPCLK for the interval between
generation and acknowledgement of the interrupt request.

Note 2. INT1 to INT7 in the figure indicate interrupt acknowledgement.

Note 3. The following cases are excluded:
—When successive interrupt non-sample instructions are being executed
—Access to peripheral input/output registers
—When the timing supervision function is in use

Note 4. For the digital noise cancellation time, refer to Section 2.14, Cancelling Noise on

Figure 4-8 Pipeline Behavior on acknowledgement of an Interrupt Request (Outline)
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Section 5 DMA Module

The direct memory access (DMA) module is described in this section.

5.1 DMA in Overview

DMA channels: This product has 8 DMA channels.

Instances index n, n, m, and | are used as shown below:

m, and | For the DMA function, n indicates the channel numbers: n=0to 7.

» For the DMA function, m indicates the DMA trigger-source numbers: m =0
to 107.

» For the DMA function: | indicates the highest number for a DMA trigger
source: | =107

(1) DMA Trigger Sources

Assignment of DMA trigger sources to DMA channel n is set by the
DTFRn.IFC[6:0] bits.

All DMA trigger sources and the settings in the trigger source register (DTFRn)
are listed in the following table.
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Table 5-1 List of DMA Trigger Sources (1/3)

DTFRN.IFCN[6:0] DMA Trigger

6 |5 (4 |3 (2 |1 |0 Register Source

0o |0 (O |O |O (O |O |O INTINOOO INTPO

0 |0 (O |O |O |0 |1 |1 INTINOO1 INTP1

0 (0 (O (O (O |1 |O |2 INTINOO2 INTP2

o [0 (O |O |O |2 |1 |3 INTINOO3 INTP3

0 |0 (O |O |1 (O |O |4 INTINOO4 INTP4

0O (0 (O (O (1 |O |1 |5 INTINOOS INTP5

0O |0 (O |O |1 |2 |0 |6 INTINOOG INTP6

o [0 (O |O |1 |2 |1 (7 INTINOO7 INTP7

o (0 (O (2 (O |O |O |8 INTINOOS INTP8

0 [0 (O |1 |O |O |1 |9 INTINOO9 INTP9

o [0 (O |1 |O (1 |O |10 INTINO10O Reserved

0 (0 (O (2 (O |1 |1 |11 INTINO11 INTDMAO

0 |0 (O |1 |1 (O |O |12 INTINO12 INTDMAL

o (0 (O (2 (2 (O |1 |13 INTINO13 INTDMA2

0O (0 (O (2 (1 (1 |0 |14 INTINO14 INTDMAS

0 [0 (O |1 |1 |12 |1 |15 INTINO15 INTDMA4

0O (0 |2 (O (O (O |O |16 INTINO16 INTDMAS

o (0 |2 (O (O (O |1 |17 INTINO17 INTDMAG

0 |0 (2 |O |[O |2 |O |18 INTINO18 INTDMA7

0O (0 |2 (0O (O (1 |1 |19 INTINO19 INTTAUJOIO

0O (0 |2 (0O (12 (O |O |20 INTINO20 INTTAUJOI1

0 |0 (2 |O |1 |0 |1 |21 INTINO21 INTTAUJOI2

0O (0 |2 (0O (1 (1 |0 |22 INTINO22 INTTAUJOI3

o (0 (1 (0 |21 |1 |1 |23 INTINO23 Reserved

0 [0 (1 |1 |0 (O |O |24 INTINO24 Reserved

0O (0 |2 (2 (0O (0O |1 |25 INTINO25 Reserved

o (0 |2 (2 (O (1 |0 |26 INTINO26 Reserved

o [0 (2 |1 (O |2 |1 |27 INTINO27 INTTAUBOIO

o (0 (2 (2 (2 (O |[O |28 INTINO28 INTTAUBOI1

0 0 1 1 1 0 1 29 INTINO29 INTTAUBOI2

0 [0 (1 |1 |1 (1 |O |30 INTINO30 INTTAUBOI3

o (0 (2 (2 (12 (1 |1 |3 INTINO31 INTTAUBOI4

0 1 0 0 0 |0 0 32 INTINO32 INTTAUBOIS

0 (1 (0O |O |O |O |1 |33 INTINO33 INTTAUBOI6

0O (12 (0O (O (O |1 |0 |34 INTINO34 INTTAUBOI7

0 1 0 0 0 1 1 35 INTINO35 INTTAUBOI8

0 |1 (0O |O |1 (O |O |36 INTINO36 INTTAUBOI9

o (2 (O (O (2 (O |1 |37 INTINO37 INTTAUBOI10

0 1 0 0 1 1 0 38 INTINO38 INTTAUBOI11

0 (1 (0 |O |1 |1 |1 (39 INTINO39 INTTAUBOI12
RO1UHO0336EJ0102 Rev.1.02 RENESAS Page 193 of 1538

Jul 17, 2014



V850E2/PG4-L

Section 5 DMA Module

Table 5-1 List of DMA Trigger Sources (2/3)

DTFRN.IFCN[6:0] DMA Trigger

6 |5 (4 |3 (2 |1 |0 Register Source

0 (1 (0O |1 |0 (O |O |40 INTINO40 INTTAUBOI13

0 (1 (0 |1 |0 |0 |1 |41 INTINO41 INTTAUBOI14

0O (1 (0 |1 |0 |1 |0 (42 INTINO42 INTTAUBOI15

o0 (1 (0 |1 |0 |1 |1 |43 INTINO43 Reserved

0O (1 (0 |1 |1 (0O |0 |44 INTINO44 Reserved

0O |1 (0 |1 |1 |0 |1 (45 INTINO45 Reserved

0O |1 (0 |1 |1 |1 |0 |46 INTINO46 Reserved

o (1 (0 |1 |1 |1 |1 |47 INTINO47 Reserved

0O [1 |1 |0 |O |O |O |48 INTINO48 Reserved

0 |1 1 |0 |0 (0O |1 |49 INTINO49 Reserved

0 |1 1 |0 |0 (1 |O |50 INTINOS0 Reserved

0 |1 1 /0 |0 |1 |1 |51 INTINO51 Reserved

0 |1 1 |0 |1 [0 |0 |52 INTINO52 Reserved

0 |1 1 |0 |1 (0 |1 |53 INTINO53 Reserved

0 |1 1 |0 |1 |1 |0 |54 INTINO54 Reserved

0 |1 1 |0 |1 (1 |1 |55 INTINO55 Reserved

0 |1 1 |1 |0 |0 |0 |56 INTINO56 Reserved

0 |1 1 |1 |0 |0 |1 |57 INTINO57 Reserved

0 |1 1 |1 |0 |1 |0 |58 INTINOS8 Reserved

0 |1 1 |1 |0 |1 |1 |59 INTINO59 INTADCAOERR

0 |1 1 |1 |1 |0 |0 |60 INTINOGO INTADCAOIO

0 |1 1 |1 |1 (0 |1 |61 INTINO61 INTADCAOI1

0 |1 1 |1 |1 |1 |0 |62 INTINO62 INTADCAOI2

o (1 (1 (1 |1 |1 |1 |63 INTINO63 Reserved

1 (0 |O |0 (O |O |0 |64 INTINO64 Reserved

110 |0 |O |O |O |1 |65 INTINO65 Reserved

1 (0 |0 |O (O |1 (0O |66 INTINO66 Reserved

1 (0 |O |O (O |1 |1 |67 INTINOG7 Reserved

110 |0 |O |1 |O |O |68 INTINO68 Reserved

1 0 |0 0 1 0 1 69 INTINO69 INTCSIGOIR

1 (0 |O |O |2 |1 |0 |70 INTINO70 INTCSIGOIC

1 |0 |0 |O |1 |1 |1 |71 INTINO71 INTCSIG1IR

1 0 |0 1 0 |0 0 72 INTINO72 INTCSIG1IC

1 (0 |O |1 (O |O |1 |73 INTINO73 Reserved

1 |0 |0 |1 |O |1 |O |74 INTINO74 Reserved

1 0 |0 1 0 1 1 75 INTINO75 INTURTHOIS

1 (0 |O |1 (2 |0 |O |76 INTINO76 INTURTHOIR

1 |0 |0 |1 |1 |O |1 |77 INTINO77 INTURTHOIT

1 0 |0 1 1 1 0 78 INTINO78 INTURTHL1IS

1 (0 |O |1 (2 |1 |1 |79 INTINO79 INTURTH1IR
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Table 5-1 List of DMA Trigger Sources (3/3)

DTFRN.IFCN[6:0] DMA Trigger

6 |5 (4 |3 (2 |1 |0 Register Source

1 (0 |1 |0 (O |O |O |80 INTINOS8O INTURTHLIT

1 (0 |1 |0 (O |O |1 |8 INTINO81 Reserved

1 (0 |1 |0 (O |1 |0 |82 INTINO82 Reserved

1 (0 |1 |0 (O |1 |1 |83 INTINO83 Reserved

1 (0 |1 |0 (12 |0 |0 |84 INTINO84 INTTSG20111

1 (0 |1 |0 (12 |O |1 |85 INTINO85 INTTSG20112

1 (0 |1 |0 (12 |1 |0 |86 INTINO86 INTTSG20IPEK

1 (0 |1 |O (2 |1 |1 |87 INTINO87 INTTSG20IVLY

1 |0 |1 |1 |O |O |O |88 INTINO88 Reserved

1 (0 |1 |1 (O |O |1 |89 INTINO89 Reserved

1 (0 |1 |1 (0O |1 |0 |90 INTINO9O Reserved

1 ]/0 |1 |1 |O |1 |1 |91 INTINO91 Reserved

1 (0 |1 |1 (12 |0 |0 |92 INTINO92 INTENCAOIOV

1 |0 |1 |1 |1 |O |1 |93 INTINO93 INTENCAOIO

1 |0 |1 |1 |1 |1 |0 |94 INTINO94 INTENCAOI1

1 (0 |1 |1 (1 |1 |1 |95 INTINO95 INTENCAOIUD

1 |1 |0 |O |O |O |O |96 INTINO96 INTENCAOIEC

1|1 |0 |0 |O |O |1 |97 INTINO97 Reserved

1 (1 |0 |0 (O |1 |0 |98 INTINO98 Reserved

1|1 |0 |0 |O |1 |1 |99 INTINO99 Reserved

1|1 |0 (O |1 (O (O |[100 INTIN100 Reserved

1 (1 |0 |0 (1 |0 |1 |101 INTIN101 Reserved

1|1 |0 |O |1 |1 |O [|102 INTIN102 INTTPBAOIPRD

1|1 |0 |O |1 |1 |1 |103 INTIN103 INTTPBAOIDTY

1 (1 |0 |1 (0O |O |0 |104 INTIN104 INTTPBAOIPAT

1|1 |0 |1 |0 |O |1 |105 INTIN105 Reserved

1 {12 |0 (12 |0 |1 |O |106 INTIN106 Reserved

1 (1 |0 |1 (O |1 |1 |107 INTIN107 Reserved
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5.2 Definitions

The following terms are defined for use in this section,.

Table 5-2 List of Term Definitions

Terms Meaning
DMA transfer The period from the start of a DMA cycle until assertion of INTDMA
DMA cycle Period taken to transfer a single transfer unit once, from the start of the cycle of

reading by the on-chip system bus to completion of the write cycle. In the case of
128-bit transfer, completion takes 4 cycles of reading or 4 cycles of writing.

Hardware DMA transfer DMA transfer request in the form of any interrupt signal

request

Software DMA transfer DMA transfer request through an internal register (the DTSnSR bit in DTSn
request register)

DMA transfer request Hardware DMA transfer request or software DMA transfer request

Single transfer The DMAC executes a single DMA cycle per transfer request.

Single-step transfer The number of transfers specified by the transfer count setting register (DTCn) is

executed per software DMA transfer request. Since the bus is released after
each transfer, the CPU is able to generate interrupts. When a transfer request
with higher priority is received during single-step transfer, single-step transfer is
stopped and execution of the higher-priority request proceeds.
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5.3 Overview

Direct memory access (DMA) is used to access data without going through the
CPU.

Internally, the subsystem of this product consists of two units: the DMAC and
DTFR (DMA trigger factor register).

The DMAC is capable of transferring data at high speeds using the internal
system bus.

The DTFR has the function of selecting DMA transfer sources from interrupt
requests.

5.3.1 Functions of the DMA Controller (DMAC)
» The DMAC includes registers for storing transfer information (transfer
address, transfer unit size, etc.) and for control.

* When a DMA transfer request is accepted, a transfer request is output to the
DMAT, according to the transfer information it contains.

» Hardware DMA transfer requests, DMA acknowledge signals, and DMA
transfer completion interrupts are input and output.

» Write-back information is written back to the registers.

5.3.2 Function of the DMA Trigger Factor Register (DTFR)

» This register selects DMA transfer sources from among the interrupt signals
(triggers for the 8 channels are selected from among the m =108 interrupt
signals).

Table 5-3 Target Spaces for DMA Transfer

Destination | Peripheral 1/0 On-Chip Code | On-Chip Data
Source (PBUS) On-chip RAM Flash Flash
Peripheral I/O (PBUS) OK OK NG NG
On-chip RAM OK OK NG NG
On-chip code flash OK OK NG NG
On-chip data flash OK OK NG NG

Note For the addresses of the target areas for transfer, refer to Figure 5-2, Memory
Map as Seen from the DMA.
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DMAC transfer factor [0]
DMAC transfer factor [1]
DMAC transfer factor [2]

DMAC transfer factor [ 1]

INTIN[1:0]

DTFR

INTIN[O]
INTIN[1]
INTIN[2]

INTI;\J[\]

DMA controller

DMAC transfer requests [7:0]

DMACO

» DMAC transfer factors [1: 0]

INTDMA7:0]

» DMAC transfer completion interrupts
(INTDMA[7:0])

INTCT[7:0]

Figure 5-1 Connection of Interrupt Signals

» DMAC transfer count match interrupts
(INTCT[7:0))
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5.3.3 Memory Map for DMA Access

A memory map of the areas accessible by the DMA is given below.

FFFF_FFFFH

FFFF_8000H
FFFF_7FFFH

FF84_0000H
FF83_FFFFy

FF40_0000H
FF3F_FFFFy

FEEQ_0000y
FEDF_FFFFH

FEDF_AOOOH
FEDF_9FFFy

FO00_0000H

Memory Map
(Upper 256 Mbytes)

On-chip peripheral
1/0 (PBUS) area

Access prohibited

On-chip peripheral
1/0 (PBUS) area

Access prohibited

On-chip RAM area
(24 Kbytes)

Access prohibited

OFFF_FFFFy

0200_4000H
0200_3FFFH

0200_0000H
01FF_FFFFy

0006_0000
0005_FFFFy

0000_0000H

Figure 5-2 Memory Map as Seen from the DMA

5.3.4 Channel Priority

Memory Map
(Lower 256 Mbytes)

Access prohibited

On-chip data-flash
ROM area (16 Kbytes)

Access prohibited

On-chip code-flash
ROM area (384 Kbytes)

The priority is fixed and follows this relation: CHO > CH1 > CH2 > CH3 > CH4
> CH5 > CH6 > CH7. Accordingly, CHO has the top priority.
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5.4

5.4.1

Channels

Unit of
data transfer

Caution

Transfer data

Maximum
transfer count

Channel priority
control

Targets
for transfer

Transfer type

DMAC Function

Characteristics

8 (0 channel to 7 channel)

8 bits
16 bits
32 bits
128 bits

When data-flash memory is selected as the source for transfer, specify the unit
of data transfer as 32 or 128 bits.

Fixed to little endian

Misaligned data are not supported.

32768(2'°) times (the highest order bit of the16-bit register is used for next
address function)

Fixed priority (highest priority (CHO) — lowest priority (CH7))

Code-flash
On-chip RAM
Data-flash

Peripheral 1/0 area

Two-cycle transfer (dual-address transfer)

The addresses at both the transfer source and destination are accessed. Two
bus cycles are required to execute transfer once (read cycles + write cycles).
The bus is not locked between the read cycles and write cycles, so processing
can be interrupted to insert a different cycle of transfer. Also, 128-bit access
requires the execution of 4 bus cycles of reading followed by 4 bus cycles of
writing. The bus is not locked between the cycles of reading and the cycles of
writing, so processing for this transfer may be interrupted at this time.
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Transfer mode < Single transfer mode (when a hardware DNA transfer request is generated)

When a hardware DMA transfer request is generated, the controller
acquires bus mastership and then releases the bus after one cycle of
transfer. If another hardware DMA transfer request is subsequently
generated, transfer is executed again. This operation is repeated until
transfer has been executed the number of times specified in the transfer
count register (DTCn).

» Single-step transfer mode (when a software DMA transfer request is
generated)

When a software DMA transfer request is generated, the bus mastership is
acquired, and the bus is released per unit transfer. Once a software DMA
transfer request has been acknowledged, this operation is repeated until
unit transfers have been executed the number of times specified by the
transfer count register (DTCn).

Transfer address Incrementation
control .
Decrementation

Fixed

Transfer error When the data from the transfer source contains an error or an error occurs at
support the transfer destination, DMA transfer is stopped and a SysError exception is
issued to notify the CPU.

DMA transfer A hardware DMA transfer request or software DMA transfer request can be
request selected for each channel (by setting the DTRSn register). A software DMA
transfer request can be set by software (by setting the DTS register). This
register also has a status bit (DTS register) to indicate when a hardware DMA
transfer request has been generated.

Interrupt output  This function has a transfer count compare register (DTCCn) for each channel
upon a match of and outputs an interrupt signal (INTDMACT7 to INTDMACTO) when the value
transfer count in this register matches that in the transfer count register (DTCn) for any
channel.

Interrupt output on  This function outputs a transfer completion interrupt signal (INTDMA7 to
completion of INTDMAO) when DMA unit transfer on any channel has been completed the
transfer number of times specified in the transfer count register (DTCn).

Next address Setting of the next address is handled by equipping each channel with two sets
setting of registers: one for setting the transfer address and transfer count (current
transfer registers) of the DMA transfer currently being executed, and the other
for setting the transfer address and transfer count (next transfer registers) for
the next DMA transfer, i.e. that will follow completion of the DMA transfer that
is currently in progress. The registers also have a bit for setting whether to
copy values from the “next” to the “current” registers on completion of DMA
transfer.

DMA transfer This function supports DMA transfer suspension by software.
suspension
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5.4.2 Setting Registers

Table 5-4 DMAC Setting Registers (1/5)

Bit Width for
Operations Initial
Address Symbol Register Name RW (1 |8 |16 |32 | Value
FFFF7300, | DTRCO DMA transfer request control register 0 RW [V |V 004
FFFF73104 DTRSO DMA transfer request select register CHO S 0000y
FFFF7314y DSAO0 DMA source address register CHO v | 00000000y
FFFF7314 | DSAOL DMA source address register LCHO V 00004
FFFF73164 | DSAOH DMA source address register HCHO V 0000y
FFFF73184 DSCO DMA source chip select register CHO J 0001y
FFFF731Ch DNSAO0 DMA next source address register CHO v | 00000000y
FFFF731C, | DNSAOL | DMA next source address register LCHO V 0000y
FFFF731E, | DNSAOH | DMA next source address register HCHO v 0000y
FFFF73204 DNSCO DMA next source chip select register CHO \/ 00014
FFFF7324y DDAO DMA destination address register CHO v | 00000000y
FFFF7324, | DDAOL DMA destination address register LCHO v 0000y
FFFF73264 | DDAOH DMA destination address register HCHO \/ 00004
FFFF73284 DDCO DMA destination chip select register CHO S 00014
FFFF732CH DNDAO DMA next destination address register CHO v | 00000000y
FFFF732C, | DNDAOL | DMA next destination address register V 00004
LCHO
FFFF732E, | DNDAOH | DMA next destination address register V 0000y
HCHO
FFFF73304 DNDCO DMA next destination chip select register V 00014
CHO
FFFF73324 DTCO DMA transfer count register CHO V 0000y
FFFF73344 DNTCO DMA next transfer count register CHO J 0000y
FFFF73364 DTCCO DMA transfer count compare register CHO \/ 00004
FFFF73384 DTCTO DMA transfer control register CHO V 0000y
FFFF733A, |DTSO DMA transfer status register CHO VO [Y 00y
FFFF73404 DTRS1 DMA transfer request select register CH1 \/ 00004
FFFF73444, DSA1l DMA source address register CH1 v | 00000000
FFFF7344, | DSAL1L DMA source address register LCH1 J 0000y
FFFF7346, | DSA1H DMA source address register HCH1 \/ 00004
FFFF73484 DSC1 DMA source chip select register CH1 V 00014
FFFF734Cy DNSA1 DMA next source address register CH1 v | 00000000y
FFFF734C, | DNSALL | DMA next source address register LCH1 \/ 00004
FFFF734E, | DNSA1IH | DMA next source address register HCH1 V 0000y
FFFF73504 DNSC1 DMA next source chip select register CH1 J 0001y
FFFF73544, DDAl DMA destination address register CH1 v | 00000000y
FFFF7354, | DDALL DMA destination address register LCH1 V 0000y
FFFF7356, | DDA1H DMA destination address register HCH1 J 0000y
FFFF73584 DDC1 DMA destination chip select register CH1 \/ 00014
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Table 5-4 DMAC Setting Registers (2/5)

Bit Width for
Operations Initial
Address Symbol Register Name RW |1 |8 |16 |32 |Value
FFFF735Cy DNDA1 DMA next destination address register CH1 | R/W v | 00000000y
FFFF735C, | DNDA1L | DMA next destination address register V 0000y
LCH1
FFFF735E, | DNDA1H | DMA next destination address register V 0000y
HCH1
FFFF73604 DNDC1 DMA next destination chip select register V 00014
CH1
FFFF73624 DTC1 DMA transfer count register CH1 V 0000y
FFFF73644 DNTC1 DMA next transfer count register CH1 J 0000y
FFFF73664 DTCC1 DMA transfer count compare register CH1 S 00004
FFFF73684 DTCT1 DMA transfer control register CH1 V 0000y
FFFF736A, |DTS1 DMA transfer status register CH1 V[N 00y
FFFF73704 DTRS2 DMA transfer request select register CH2 \/ 00004
FFFF73744 DSA2 DMA source address register CH2 v | 00000000
FFFF7374, | DSA2L DMA source address register LCH2 J 0000y
FFFF73764 | DSA2H DMA source address register HCH2 \/ 00004
FFFF73784 DSC2 DMA source chip select register CH2 V 00014
FFFF737CH DNSA2 DMA next source address register CH2 v | 00000000y
FFFF737Cy | DNSA2L | DMA next source address register LCH2 \/ 00004
FFFF737Ey, | DNSA2H | DMA next source address register HCH2 V 0000y
FFFF73804 DNSC2 DMA next source chip select register CH2 J 0001y
FFFF73844 DDA2 DMA destination address register CH2 v | 00000000y
FFFF7384, | DDA2L DMA destination address register LCH2 V 0000y
FFFF7386, | DDA2H DMA destination address register HCH2 J 0000y
FFFF73884 DDC2 DMA destination chip select register CH2 \/ 00014
FFFF738Cq DNDA2 DMA next destination address register CH2 v | 00000000
FFFF738C, | DNDA2L | DMA next destination address register V 0000y
LCH2
FFFF738Ey, | DNDA2H | DMA next destination address register V 0000y
HCH2
FFFF73904 DNDC2 DMA next destination chip select register \/ 0001y
CH2
FFFF7392, DTC2 DMA transfer count register CH2 V 0000y
FFFF73944 DNTC2 DMA next transfer count register CH2 v 0000y
FFFF73964 DTCC2 DMA transfer count compare register CH2 \/ 00004
FFFF7398, DTCT2 DMA transfer control register CH2 Xl 0000y
FFFF739A, |DTS2 DMA transfer status register CH2 R 00y
FFFF73A04 DTRS3 DMA transfer request select register CH3 \/ 00004
FFFF73A4, DSA3 DMA source address register CH3 v | 00000000y
FFFF73A4, | DSA3L DMA source address register LCH3 v 0000y
FFFF73A6, | DSA3H DMA source address register HCH3 \/ 00004
FFFF73A8y DSC3 DMA source chip select register CH3 S 00014
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Table 5-4 DMAC Setting Registers (3/5)

Bit Width for
Operations Initial
Address Symbol Register Name RW |1 (8 |16 |32 | Value
FFFF73AC, | DNSA3 DMA next source address register CH3 R/W v | 00000000y
FFFF73ACH | DNSA3L | DMA next source address register LCH3 V 00004
FFFF73AE, | DNSA3H | DMA next source address register HCH3 V 0000y
FFFF73B0y DNSC3 DMA next source chip select register CH3 J 0001y
FFFF73B4y DDA3 DMA destination address register CH3 v | 00000000y
FFFF73B4y | DDA3L DMA destination address register LCH3 V 0000y
FFFF73B6y | DDA3H DMA destination address register HCH3 J 0000y
FFFF73B8y DDC3 DMA destination chip select register CH3 \/ 0001y
FFFF73BCy | DNDA3 DMA next destination address register CH3 v | 00000000
FFFF73BCy | DNDA3L | DMA next destination address register V 0000y
LCH3
FFFF73BEy | DNDA3H | DMA next destination address register V 0000y
HCH3
FFFF73C0y4 DNDC3 DMA next destination chip select register \/ 0001y
CH3
FFFF73C24 DTC3 DMA transfer count register CH3 \/ 00004
FFFF73C4y DNTC3 DMA next transfer count register CH3 V 0000y
FFFF73C64 DTCC3 DMA transfer count compare register CH3 J 0000y
FFFF73C8y DTCT3 DMA transfer control register CH3 \/ 00004
FFFF73CA, | DTS3 DMA transfer status register CH3 VoY 004
FFFF73D0y DTRS4 DMA transfer request select register CH4 J 0000y
FFFF73D4y DSA4 DMA source address register CH4 v | 00000000y
FFFF73D4y | DSA4AL DMA source address register LCH4 V 0000y
FFFF73D6y | DSA4H DMA source address register HCH4 J 0000y
FFFF73D8y DSC4 DMA source chip select register CH4 \/ 00014
FFFF73DCy | DNSA4 DMA next source address register CH4 v | 00000000
FFFF73DCy | DNSA4L | DMA next source address register LCH4 J 0000y
FFFF73DEL | DNSA4H | DMA next source address register HCH4 \/ 00004
FFFF73EOy DNSC4 DMA next source chip select register CH4 V 00014
FFFF73E4y DDA4 DMA destination address register CH4 v | 00000000y
FFFF73E4y | DDA4L DMA destination address register LCH4 \/ 00004
FFFF73E6, | DDA4H DMA destination address register HCH4 V 0000y
FFFF73E8H DDC4 DMA destination chip select register CH4 J 0001y
FFFF73ECH | DNDA4 DMA next destination address register CH4 v | 00000000y
FFFF73EC,, | DNDA4L | DMA next destination address register V 0000y
LCH4
FFFF73EEy | DNDA4H | DMA next destination address register V 00004
HCH4
FFFF73F0y DNDC4 DMA next destination chip select register V 00014
CH4
FFFF73F2y DTC4 DMA transfer count register CH4 \/ 00004
FFFF73F4y DNTC4 DMA next transfer count register CH4 V 0000y
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Table 5-4 DMAC Setting Registers (4/5)

Bit Width for
Operations Initial
Address Symbol Register Name RW |1 (8 |16 |32 | Value
FFFF73F6y DTCC4 DMA transfer count compare register CH4 | RIW J 0000y
FFFF73F8y DTCT4 DMA transfer control register CH4 V 00004
FFFF73FA, | DTS4 DMA transfer status register CH4 R 004
FFFF74004 DTRS5 DMA transfer request select register CH5 J 0000y
FFFF74044 DSA5 DMA source address register CH5 v | 00000000y
FFFF7404, | DSA5L DMA source address register LCH5 V 0000y
FFFF7406, | DSA5H DMA source address register HCH5 J 0000y
FFFF7408, DSC5 DMA source chip select register CH5 \/ 00014
FFFF740Cy | DNSA5 DMA next source address register CH5 V| 00000000y
FFFF740C, | DNSASL | DMA next source address register LCHS J 0000y
FFFF740E, | DNSA5H | DMA next source address register HCH5 \/ 00004
FFFF74104 DNSC5 DMA next source chip select register CH5 S 00014
FFFF7414y DDA5 DMA destination address register CH5 v | 00000000y
FFFF7414, | DDA5L DMA destination address register LCH5 \/ 00004
FFFF7416y | DDA5H DMA destination address register HCH5 V 0000y
FFFF7418y DDC5 DMA destination chip select register CH5 v 0001y
FFFF741Cy DNDAS5 DMA next destination address register CH5 v | 00000000y
FFFF741C,, | DNDA5L | DMA next destination address register V 0000y
LCH5
FFFF741E, | DNDA5SH | DMA next destination address register \/ 0000y
HCH5
FFFF74204 DNDC5 DMA next destination chip select register \/ 00014
CH5
FFFF7422y DTC5 DMA transfer count register CH5 J 0000y
FFFF7424, DNTC5 DMA next transfer count register CH5 \/ 00004
FFFF74264 DTCC5 DMA transfer count compare register CHS V 0000y
FFFF7428y DTCT5 DMA transfer control register CH5 J 0000y
FFFF742A, | DTS5 DMA transfer status register CH5 SR 004
FFFF74304 DTRS6 DMA transfer request select register CH6 V 0000y
FFFF74344 DSA6 DMA source address register CH6 v | 00000000y
FFFF7434, | DSAG6L DMA source address register LCH6 \/ 00004
FFFF7436, | DSAG6H DMA source address register HCH6 V 0000y
FFFF7438y DSC6 DMA source chip select register CH6 J 0001y
FFFF743Cq DNSA6 DMA next source address register CH6 v | 00000000y
FFFF743C,, | DNSAGL | DMA next source address register LCH6 V 0000y
FFFF743E, | DNSAG6H | DMA next source address register HCH6 J 0000y
FFFF74404 DNSC6 DMA next source chip select register CH6 \/ 00014
FFFF7444, DDAG DMA destination address register CH6 v | 00000000
FFFF7444, | DDA6L DMA destination address register LCH6 J 0000y
FFFF7446, | DDAGH DMA destination address register HCH6 \/ 00004
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Table 5-4 DMAC Setting Registers (5/5)

Bit Width for
Operations Initial
Address Symbol Register Name RW |1 (8 |16 |32 | Value
FFFF7448y DDC6 DMA destination chip select register CH6 R/W J 0001y
FFFF744Cy DNDAG6 DMA next destination address register CH6 v | 00000000y
FFFF744C,, | DNDA6L | DMA next destination address register V 0000y
LCHG6
FFFF744E, | DNDAG6H | DMA next destination address register \/ 0000y
HCH6
FFFF74504 DNDC6 DMA next destination chip select register \/ 00014
CH6
FFFF7452y DTC6 DMA transfer count register CH6 J 0000y
FFFF7454, DNTC6 DMA next transfer count register CH6 Xl 0000y
FFFF74564 DTCC6 DMA transfer count compare register CH6 V 0000y
FFFF7458y DTCT6 DMA transfer control register CH6 J 0000y
FFFF745A, | DTS6 DMA transfer status register CH6 SR 004
FFFF74604 DTRS7 DMA transfer request select register CH7 V 0000y
FFFF74644 DSA7 DMA source address register CH7 v | 00000000y
FFFF7464, | DSA7L DMA source address register LCH7 \/ 00004
FFFF7466, | DSA7TH DMA source address register LCH7 V 0000y
FFFF7468y DSC7 DMA source chip select register CH7 J 0001y
FFFF746Cy DNSA7 DMA next source address register CH7 v | 00000000y
FFFF746C,, | DNSA7L | DMA next source address register LCH7 V 0000y
FFFF746E, | DNSA7H | DMA next source address register HCH7 J 0000y
FFFF74704 DNSC7 DMA next source chip select register CH7 \/ 00014
FFFF74744 DDA7 DMA destination address register CH7 v | 00000000
FFFF7474, | DDATL DMA destination address register LCH7 J 0000y
FFFF7476, | DDATH DMA destination address register HCH7 \/ 00004
FFFF7478y DDC7 DMA destination chip select register CH7 V 00014
FFFF747Cy DNDA7 DMA next destination address register CH7 v | 00000000y
FFFF747C, | DNDA7L | DMA next destination address register V 00004
LCH7
FFFF747E, | DNDA7H | DMA next destination address register \/ 0000y
HCH7
FFFF74804 DNDC7 DMA next destination chip select register V 00014
CH7
FFFF74824 DTC7 DMA transfer count register CH7 v 0000y
FFFF7484, DNTC7 DMA next transfer count register CH7 \/ 00004
FFFF74864 DTCC7 DMA transfer count compare register CH7 S 0000y
FFFF7488y DTCT7 DMA transfer control register CH7 v 0000y
FFFF748A, |DTS7 DMA transfer status register CH7 SR 004
Caution If an unmapped address is accessed, a write access is ignored and 0 is

returned in response to a read access.
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5.4.3 Availability of Writing to Control Registers

Control registers can be classified into the two groups shown in the table
below: those which are always writable and those for which writing is
prohibited while DMA transfer is enabled. However, all of the registers are
always readable.

Table 5-5 Availability of Writing to Control Registers

Availability of Writing Register Name

Always writable DTRCO, DNSAnNL, DNSAnH, DNSCn, DNDAnL,
DNDAnNH, DNDCn, DNTCn, DTSn

Writing prohibited while DMA transfer is enabled DTRSNn, DSAnL, DSAnH, DSCn, DDAnNL,

(DTSnDTE =1) DDAnNH, DDCn, DTCn, DTCCn, DTCTn

Operation is not guaranteed if writing to these registers is

attempted during while DMA transfer.

Note:n=0to 7
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5.5 DMAC Control Registers
5.5.1 DTRCO: DMA Transfer Request Control Register 0
This eight-bit register includes an error flag and controls the suspension of
DMA transfer that is currently in progress.
Access This register is readable/writable in 8- or 1-bit units.
Address FFFF 73004
Initial value 00y
This register is initialized by a reset from any source.
7 6 5 4 3 2 1 0
DTRCO DTRCO
ERR 0 0 0 0 0 0 ADS
R/W R R R R R R R/W
Bit Position | Bit Name Function
7 DTRCOERR DMA transfer error status
This bit indicates that an error response has been received from a target for
transfer during DMA transfer.
To clear this bit, write O to it.
0: No DMA transfer error
1: DMA transfer error
Note: If an error response is received, the DTRCOERR and DTRCOADS bits are
set and a SysError exception is generated for the CPU.
0 DTRCOADS DMA transfer suspended
This bit indicates that DMA transfer has been suspended by a transfer stop
request. In addition, writing 1 to this bit suspends DMA transfer that is currently
in progress.
0: DMA transfer is not suspended.
1: DMA transfer is suspended (reading) /DMA transfer suspension request
(writing)
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5.5.2 DTRSn (n =0to 7): DMA Transfer Request Select Register
This 16-bit register selects requests from the DMA transfer software and
hardware.

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

Address DTRS7: FFFF 7460y, DTRS6: FFFF 7430y, DTRS5: FFFF 7400y,
DTRS4: FFFF 73D0y, DTRS3: FFFF 73A0y, DTRS2: FFFF 7370y,
DTRS1: FFFF 73404, DTRSO: FFFF 7310y

Initial value 00004

This register is initialized by a reset from any source.

15 14 13 12 11 10
0 0 0 0 0 0
7 6 5 4 3 2 1 0
0 0 0 0 DTRSn DTRSn DTRSn DTRSn
DTR3 DTR2 DTR1 DTRO
R R R R R/W R/W R/W R/W
Bit Position Bit Name Function
3t00 DTRSnDTR3 | DMA transfer request assignment
to These bits specify the assignment of a DMA transfer request to channel n.
DTRSnDTRO

DTRSn |DTRSn |DTRSn |DTRSn
DTR3 DTR2 DTR1 DTRO DAM Transfer Request

0 0 0 0 Software DMA transfer request
0 0 0 1 Hardware DMA transfer request
Other than the above Setting prohibited

Caution1l. Writing to these bits is prohibited while DMA transfer is enabled (DTSnDTE bit
= 1). Operation is not guaranteed if this is attempted.

Caution 2. Operation is also not guaranteed if a prohibited setting is made in
DTRSnDTRJ[3:0].
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5.5.3 DSANnL (n=0to 7): DMA Source Address Register L
This 16-bit register forms the 16 lower-order bits of a 32-bit register used to set
a source for transfer over the corresponding DMA channel.
Access This register is readable/writable in 16-bit units.

Address DSAT7L: FFFF 7464, DSA6L: FFFF 7434, DSA5L: FFFF 7404,
DSAA4L: FFFF 73D4y, DSA3L: FFFF 73A4,, DSA2L: FFFF 7374y,
DSALL: FFFF 7344, DSAOL: FFFF 73144

Initial value 00004

This register is initialized by a reset from any source.

15 14 13 12 11 10 9 8
DSANn DSAnN DSANn DSANn DSAnNn DSANn DSANn DSAn
SA15 SA14 SA13 SA12 SAl1l SA10 SA9 SA8
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
DSAn DSAnN DSAnN DSAN DSANn DSAN DSANn DSANn
SA7 SA6 SA5 SA4 SA3 SA2 SA1l SAO0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit Position Bit Name Function
15t00 DSANnSA15to | DMA source address
DSANSAO The 16 lower-order bits of the source address for transfer on channel n are set

in these bits. If this register is read during DMA transfer, the value read is the
corresponding part of the next address from which data is to be transferred. We
recommend access to this register in combination with DSAnH as a 32-bit unit.
If the DNSANNSAV bit of the DNSANH register is not set (to 1) on completion of
DMA transfer, these bits revert to their previous values (those when DMA
transfer was started).

Caution1. Writing to these bits is prohibited while DMA transfer is enabled (DTSnDTE bit
= 1). Operation is not guaranteed if this is attempted.

Caution 2. Set addresses by access in 32-bit units while the DTSnDTE bit is 0 because
data transfer is not possible from an address for which setting is in progress.

Caution 3. DMA transfer of misaligned data is not supported. The 4 lower-order bits of
addresses corresponding to the transfer data size are as follows (x indicates
any value).

Operation is not guaranteed if settings other than the following are made.

Data Size DSAnSA3 | DSAnSA2 |DSAnSAl1 | DSAnSAO
8 bits X X X X
16 bits X X 0
32 bits 0
128 bits 0 0 0
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5.5.4 DSAnH (n =0to 7): DMA Source Address Register H
This 16-bit register forms the 16 higher-order bits of a 32-bit register used to
set a source for transfer over the corresponding DMA channel.
Access This register is readable/writable in 16-bit units.

Address DSATH: FFFF 7466, DSA6H: FFFF 7436y, DSA5H: FFFF 7406,
DSA4H: FFFF 73D6y, DSA3H: FFFF 73A6y, DSA2H: FFFF 73764,
DSA1H: FFFF 7346y, DSAOH: FFFF 73164

Initial value 00004

This register is initialized by a reset from any source.

15 14 13 12 11 10 9 8
0 0 0 DSAnN DSAnNn DSAN DSAN DSAnNn
SA28 SA27 SA26 SA25 SA24
R R R R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
DSAnNn DSAN DSAN DSAnN DSAnNn DSAN DSAN DSAnNn
SA23 SA22 SA21 SA20 SA19 SA18 SAl17 SA16
R/W R/W R/W R/W R/W R/W R/W R/W
Bit Position Bit Name Function
12to 0 DSANnSA28to | DMA source address

DSANSA16 The 13 higher-order bits of the source address for transfer on channel n are set
in these bits. If this register is read during DMA transfer, the value read is the
corresponding part of the next address from which data is to be transferred. We
recommend access to this register in combination with DSANL as a 32-bit unit. If
the DNSANNSAV bit of the DNSAnNH register is not set (to 1) on completion of
DMA transfer, these bits revert to their previous values (those when DMA
transfer was started).

Caution1. Writing to these bits is prohibited while DMA transfer is enabled (DTSnDTE bit
= 1). Operation is not guaranteed if this is attempted.

Caution 2. Set addresses by access in 32-bit units while the DTSnDTE bit is 0 because
data transfer is not possible from an address for which setting is in progress.
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5.5.5 DSCn (n =0to 7): DMA Source Chip Select Register
This 16-bit register selects the target chip-select area containing the transfer
source.
Access This register is readable/writable in 16-bit units.

Address DSC7: FFFF 7468, DSC6: FFFF 7438, DSC5: FFFF 7408,
DSC4: FFFF 73D8y, DSC3: FFFF 73A8y, DSC2: FFFF 7378,
DSC1: FFFF 7348y, DSCO: FFFF 7318

Initial value 00014

This register is initialized by a reset from any source.

15 14 13 12 11 10
0 0 0 0 0 0
7 6 5 4 3 2 1 0
DSCn DSCn DSCn
0 0 0 0 0 SCS1 SCSO0 SCSE
R R R R R R/W R/W R/W
Bit Position | Bit Name Function
2 DSCnSCS1 DMA source chip select
1 DSCnSCSO0 These bits specify an area to be selected as the source for transfer on channel n.

0 DSCnSCSE

DSCnS | DSCnS | DSCnS
Csi1 CS0 CSE Selected Area

0 0 1 Data-flash, peripheral I/O area
0 1 0 Code-flash, on-chip RAM
Other than the above Setting prohibited

Caution1. Writing to these bits is prohibited while DMA transfer is enabled (DTSnDTE bit
= 1). Operation is not guaranteed if this is attempted.

Caution 2. Set the DSCnSCS0 and DSCnSCSE bits so that only one of them is 1.
Operation is not guaranteed if both bits are set to 1.

Caution 3. Be sure to set the DSCnSCS1 bit to 0.
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5.5.6 DNSAnNL (n =0to 7): DMA Next Source Address Register L

This 16-bit register forms the 16 lower-order bits of a 32-bit register used to set
the next source for transfer over the corresponding DMA channel.

Access This register is readable/writable in 16-bit units.
Address DNSA7L: FFFF 746Cy, DNSA6L: FFFF 743C,;, DNSA5L: FFFF 740C,

DNSAA4L: FFFF 73DCy, DNSASL: FFFF 73ACH, DNSA2L: FFFF 737Cy,
DNSA1L: FFFF 734CH, DNSAOL: FFFF 731Cy

Initial value 00004

This register is initialized by a reset from any source.

15 14 13 12 11 10 9 8
DNSAn | DNSAn | DNSAn | DNSAn | DNSAn | DNSAn | DNSAn | DNSAn
NSA15 NSA14 NSA13 NSA12 NSA11 NSA10 NSA9 NSAS8
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
DNSAn | DNSAn | DNSAn | DNSAn | DNSAn | DNSAn | DNSAn | DNSAn
NSA7 NSA6 NSA5 NSA4 NSA3 NSA2 NSA1 NSAO
R/W R/W R/W R/W R/W R/W R/W R/W
Bit Position | Bit Name Function
15t0 0 DNSANNSA15 | DMA next source address

to The 16 lower-order bits of the source address for the next transfer on channel n

DNSANNSAO are set in these bits.

Caution DMA transfer of misaligned data is not supported. The 4 lower-order bits of
addresses corresponding to the transfer data size are as follows (x indicates
any value).

Operation is not guaranteed if settings other than the following are made.
Data Size DNSANNSA3 | DNSANNSA2 | DNSAnNNSA1 | DNSAnNNSAO
8 bits X X X X
16 bits X X X 0
32 bits X 0 0
128 bits 0 0 0 0
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5.5.7

Access
Address

Initial value

DNSANnH (n =0to 7). DMA Next Source Address Register H

This 16-bit register forms the 16 higher-order bits of a 32-bit register used to

set the next source for transfer over the corresponding DMA channel.

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

DNSA7H: FFFF 746E, DNSA6H: FFFF 743E, DNSA5H: FFFF 740E,
DNSA4H: FFFF 73DEy, DNSA3H: FFFF 73AEy, DNSA2H: FFFF 737E,

DNSA1H: FFFF 734E, DNSAOH: FFFF 731EH

0000,

This register is initialized by a reset from any source.

0: Does not copy/copying completed
1: Copies/copying not completed

15 14 13 12 11 10 9 8
DNSAnN 0 0 DNSAnN DNSAnN DNSAnN DNSAnN DNSAnN
NSAV NSA28 NSA27 NSA26 NSA25 NSA24
R/W R R R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
DNSAnN DNSAnN DNSAnN DNSAnN DNSAnN DNSAnN DNSAnN DNSAnN
NSA23 NSA22 NSA21 NSA20 NSA19 NSA18 NSA17 NSA16
R/W R/W R/W R/W R/W R/W R/W R/W
Bit Position | Bit Name Function
15 DNSANNSAV DMA next source address valid

This bit controls whether to copy the address from the DMA next source
address register to the DMA source address register on completion of DMA
transfer. It is cleared once the address has been copied.

to

12t0 0 DNSANNSA28 | DMA next source address
These bits specify the 13 higher-order bits of the source address for the next
DNSANNSA16 | transfer on channel n.
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5.5.8 DNSCn (n =0to 7). DMA Next Source Chip Select Register

This 16-bit register selects the target area containing the source for the next
transfer.

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

Address DNSCT7: FFFF 7470y, DNSC6: FFFF 7440y, DNSC5: FFFF 74104,
DNSC4: FFFF 73EOy, DNSC3: FFFF 73B0y, DNSC2: FFFF 7380y,
DNSC1: FFFF 73504, DNSCO: FFFF 7320y

Initial value 0001H

This register is initialized by a reset from any source.

15 14 13 12 11 10 9 8
DNSCn
NSCV 0 0 0 0 0 0 0
R/W R R R R R R R
7 6 5 4 3 2 1 0
DNSCn DNSCn DNSCn
0 0 0 0 0 NSCS1 NSCS0 NSCSE
R R R R R R/W R/W R/W
Bit Position | Bit Name Function
15 DNSCnNSCV DMA next source address select valid

This bit controls whether to copy the chip select signal from the DMA next
source chip select register to the DMA source chip select register on completion
of DMA. It is cleared once the chip select signal has been copied.

0: Does not copy/copying completed

1: Copies/copying not completed

2 DNSCnNSCS1 | DMA next source chip select
1 DNSCnNSCSO0 | These bits specify the area to be selected as the transfer source for the next
0 DNSCnNSCSE | transfer on channel n.

DNSCn | DNSCn | DNSCn
NSCS1 [ NSCSO | NSCSE | Selected Area

0 0 1 Data-flash, peripheral I/O area
0 1 0 Code-flash, on-chip RAM
Other than the above Setting prohibited

Caution1l. Setthe DNSCnNSCSO0 and DNSCnNSCSE bits so that only one of them is 1.
Operation is not guaranteed if both bits are set to 1.

Caution 2. Be sure to set the DNSCnNSCS1 bit to 0.
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5.5.9 DDAnNL (n =0to 7): DMA Destination Address Register L
This 16-bit register forms the 16 lower-order bits of a 32-bit register used to set
a destination for transfer over a DMA channel.
Access This register is readable/writable in 16-bit units.

Address DDA7L: FFFF 7474y, DDAG6L: FFFF 7444,,, DDASL: FFFF 7414y,
DDAAL: FFFF 73E4y, DDA3L: FFFF 73B4y, DDA2L: FFFF 7384,
DDA1L: FFFF 7354y, DDAOL: FFFF 73244

Initial value 00004

This register is initialized by a reset from any source.

15 14 13 12 11 10 9 8
DDAnN DDAnN DDAnN DDAnN DDAnN DDAN DDAnN DDAnN
DA15 DA14 DA13 DA12 DA11 DA10 DA9 DA8
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
DDAnN DDAnN DDAnN DDAnN DDAnN DDAN DDAnN DDAnN
DA7 DA6 DA5 DA4 DA3 DA2 DAl DAO
R/W R/W R/W R/W R/W R/W R/W R/W
Bit Position Bit Name Function
15t00 DDANnDA15to | DMA destination address
DDANDAO The 16 lower-order bits of the destination address for transfer on channel n are

set in these bits. If this register is read during DMA transfer, the value read is the
corresponding part of the next address from which data is to be transferred. We
recommend access to this register in combination with DDANH as a 32-bit unit.
If the DNDANNDAV bit in the DNDAnNH register is not set (to 1) on completion of
DMA transfer, these bits revert to their previous values (those when DMA
transfer was started).

Caution1. Writing to these bits is prohibited while DMA transfer is enabled (DTSnDTE bit
=1). Operation is not guaranteed if this is attempted.

Caution 2. Set addresses by access in 32-bit units while the DTSnDTE bit is 0 because
data transfer is not possible from an address for which setting is in progress.

Caution 3. If an error occurs in the target for transfer in a cycle of reading for DMA
transfer, the corresponding write cycle is not executed but the destination
address is still updated.

Caution 4. DMA transfer of misaligned data is not supported. The 4 lower-order bits of
addresses corresponding to the transfer data size are as follows (x indicates
any value).

Operation is not guaranteed if settings other than the following are made.

Data Size DDAnDA3 | DDAnDA2 | DDAnDAl1 | DDAnDAO
8 bits X X X X
16 bits X X X 0
32 bits X X 0 0
128 bits 0 0 0 0
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5.5.10

Access
Address

Initial value

DDANH (n =0to 7): DMA Destination Address Register H

This 16-bit register forms the 16 higher-order bits of a 32-bit register used to

set a destination for transfer over the corresponding DMA channel.

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

DDA7H: FFFF 7476y, DDAGH: FFFF 7446y, DDASH: FFFF 7416,
DDA4H: FFFF 73E6y, DDA3H: FFFF 73B6, DDA2H: FFFF 7386,

DDA1H: FFFF 73564, DDAOH: FFFF 7326

0000,

This register is initialized by a reset from any source.

15

14

13

12

11

10

9

8

0

DDAN
DA28

DDAnN
DA27

DDAN
DA26

DDAnN
DA25

DDAN
DA24

R

R/W

R/W

R/W

R/W

R/W

DDAnN

DA23

DDAnN
DA22

DDAN
DA21

DDAN
DA20

DDAnN
DA19

DDAN
DA18

DDAnN
DA17

DDAN
DA16

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

Bit Position

Bit Name

Function

12to 0 DDANnDA28 to
DDANDA16

DMA destination address
The 13 higher-order bits of the destination address for transfer on channel n are
set in these bits. If this register is read during DMA transfer, the value read is the
corresponding part of the next address from which data is to be transferred. We
recommend access to this register in combination with DDANL as a 32-bit unit.
If the DNDANNDAV bit in the DNDAnNH register is not set (to 1) on completion of
DMA transfer, these bits revert to their previous values (those when DMA

transfer was started).

Caution 1.

Caution 2.

Caution 3.

Writing to these bits is prohibited while DMA transfer is enabled (DTSnDTE bit
= 1). Operation is not guaranteed if this is attempted.

Set addresses by access in 32-bit units while the DTSnDTE bit is 0 because
data transfer is not possible from an address for which setting is in progress.

If an error occurs in the target for transfer in a cycle of reading for DMA

transfer, the corresponding write cycle is not executed but the destination
address is still updated.
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5.5.11 DDCn (n =0to 7): DMA Destination Chip Select Register

This 16-bit register selects the target area containing the transfer destination.

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

Address DDC7: FFFF 7478y, DDC6: FFFF 7448,,, DDC5: FFFF 7418,
DDC4: FFFF 73E8y, DDC3: FFFF73B8y, DDC2: FFFF 7388y,
DDC1: FFFF 7358y, DDCO: FFFF 7328y

Initial value 00014

This register is initialized by a reset from any source.

15 14 13 12 11 10
0 0 0 0 0 0
7 6 5 4 3 2 1 0
DDCn DDCn DDCn
0 0 0 0 0 DCS1 DCSO0 DCSE
R R R R R R/W R/W R/W
Bit Position Bit Name Function
2 DDCnDCS1 DMA destination chip select
1 DDCnDCSO0 These bits specify an area to be selected as the transfer destination of channel
0 DDCnDCSE n.

DDCnD | DDCnD | DDCnD
Cs1 CS0 CSE Selected Area

0 0 1 Data-flash, peripheral I/O area
0 1 0 Code-flash, on-chip RAM
Other than the above Setting prohibited

Caution1l. Writing to these bits is prohibited while DMA transfer is enabled (DTSnDTE bit
= 1). Operation is not guaranteed if this is attempted.

Caution 2. Set the DDCnDCS0 and DDCnDCSE bits so that only one of them is 1.
Operation is not guaranteed if both bits are set to 1.

Caution 3. Be sure to set the DDCnDCS1 bit to 0.
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5.5.12 DNDAnNL (n =0to 7): DMA Next Destination Address Register L
This 16-bit register forms the 16 lower-order bits of a 32-bit register used to set
the next destination for transfer over the corresponding DMA channel.

Access This register is readable/writable in 16-bit units.
Address DNDATL: FFFF 747Cy, DNDA6L: FFFF 744Cy, DNDASL: FFFF 741C,
DNDAA4L: FFFF 73ECy, DNDA3L: FFFF 73BCy, DNDA2L: FFFF 738Cy,
DNDALL: FFFF 735Cy, DNDAOL: FFFF 732Cy
Initial value 00004
This register is initialized by a reset from any source.
15 14 13 12 11 10 9 8
DNDAn | DNDAn | DNDAn | DNDAn | DNDAn | DNDAn | DNDAn | DNDAn
NDA15 | NDA14 | NDA13 | NDA12 | NDA1l | NDA1O NDA9 NDAS8
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
DNDAn | DNDAn | DNDAn | DNDAn | DNDAn | DNDAn | DNDAn | DNDAn
NDA7 NDAG NDA5 NDA4 NDA3 NDA2 NDA1 NDAO
R/W R/W R/W R/W R/W R/W R/W R/W
Bit Position | Bit Name Function
15t0o 0 DNDANNDA15 | DMA next destination address

to These bits specify the 16 lower-order bits of the destination address for the next

DNDANNDAQ | transfer on channel n.

Caution DMA transfer of misaligned data is not supported. The four lower-order bits of

addresses corresponding to the transfer data size are as follows (x indicates
any value).

Operation is not guaranteed if settings other than the following are made.

Data Size DNDANNDA3 | DNDANNDA2 | DNDAnNNDA1 | DNDANNDAO

8 bits X X X X

16 bits X X X 0

32 bits X 0 0

128 bits 0 0 0 0
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5.5.13

Access
Address

Initial value

DNDANH (n =0to 7): DMA Next Destination Address
Register H

This 16-bit register forms the 16 higher-order bits of a 32-bit register used to
set the next destination for transfer over the corresponding DMA channel.

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

DNDATH: FFFF 747E, DNDAG6H: FFFF 744E, DNDASH: FFFF 741E,
DNDA4H: FFFF 73EEy, DNDASH: FFFF 73BE, DNDA2H: FFFF 738E,
DNDA1H: FFFF 735E, DNDAOH: FFFF 732E

0000,

This register is initialized by a reset from any source.

15 14 13 12 11 10 9 8
DNDAN 0 0 DNDAN DNDAN DNDAnN DNDAN DNDAN
NDAV NDA28 NDA27 NDA26 NDA25 NDA24
R/W R R R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0

DNDAN DNDAN DNDAN DNDAN DNDAN DNDAnN DNDAN DNDAN
NDA23 NDA22 NDA21 NDA20 NDA19 NDA18 NDA17 NDA16

R/W R/W R/W R/W R/W R/W R/W R/W
Bit Position | Bit Name Function
15 DNDANNDAV DMA next destination address valid

This bit controls whether to copy the address from the DMA next destination
address register to the DMA destination address register on completion of DMA
transfer. It is cleared once the address has been copied.

0: Does not copy/copying completed

1: Copies/copying not completed

to

12t0 0 DNDANNDA28 | DMA next destination address

DNDANNDA16 | next transfer on channel n.

These bits specify the 13 higher-order bits of the destination address for the
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5.5.14 DNDCn (n =0to 7): DMA Next Destination Chip Select
Register
This 16-bit register selects the target area containing the next destination for
transfer.
Access This register is readable/writable in 16-bit units.
Address DNDCY7: FFFF 7480, DNDC6: FFFF 7450, DNDC5: FFFF 7420,
DNDC4: FFFF 73F0y, DNDC3: FFFF 73C0y, DNDC2: FFFF 7390y,
DNDC1: FFFF 73604, DNDCO: FFFF 73304
Initial value 00014
This register is initialized by a reset from any source.
15 14 13 12 11 10 9 8
DNDCn
NDCV 0 0 0 0 0 0 0
R/W R R R R R R R
7 6 5 4 3 2 1 0
DNDCn | DNDCn | DNDCn
0 0 0 0 0 NDCS1 | NDCSO | NDCSE
R R R R R R/W R/W R/W
Bit Position | Bit Name Function
15 DNDCnNDCV | DMA next destination chip select valid

This bit controls whether to copy the chip select signal from the DMA next
destination chip select register to the DMA destination chip select register on
completion of DMA. It is cleared once the chip select signal has been copied.
0: Does not copy/copying completed
1: Copies/copying not completed

2 DNDCnNDCS1 | DMA next destination chip select
1 DNDCnNDCSO0 | These bits specify the area to be selected as the transfer destination for the
0 DNDCnNDCSE | next transfer on channel n.
DNDCn | DNDCn | DNDCn
NDCS1 |NDCSO | NDCSE | Selected Area
0 0 1 Data-flash, peripheral I/O area
0 1 0 Code-flash, on-chip RAM
Other than above Setting prohibited
Caution1l. Setthe DNDCnNDCSO0 and DNDCnNDCSE bits so that only one of them is 1.
Operation is not guaranteed if both bits are set to 1.
Caution 2. Be sure to set the DNDCnNDCS1 bit to 0.
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5.5.15 DTCn (n =0to 7): DMA Transfer Count Register
This 16-bit register sets the number of times unit transfer on the DMA channel
is to proceed.
Access This register is readable/writable in 16-bit units.
Address DTCY: FFFF 7482y, DTC6: FFFF 7452, DTC5: FFFF 7422,
DTC4: FFFF 73F2y, DTC3: FFFF 73C2y, DTC2: FFFF 7392,
DTC1: FFFF 7362y, DTCO: FFFF 7332y
Initial value 00004
This register is initialized by a reset from any source.
15 14 13 12 11 10 9 8
0 DTCnDTC1|DTCNDTC1|DTCNDTC1|DTCADTC1{DTCNDTC1DTCNDTCYDTCNDTCS
4 3 2 1 0
R R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
DTCnDTC7|DTCnDTC6|DTCNDTC5/DTCNDTC4{DTCNDTC3DTCNDTC2|DTCNDTCL{DTCNDTCO
R/W R/W R/W R/W R/W R/W R/W R/W
Bit Position | Bit Name Function
14100 DTCnDTC14 | DMA transfer count

to DTCnDTCO | These bits specify the number of times DMA transfer (DMA transfer count) is to

proceed on channel n. Reading this register during DMA transfer returns the
remaining number of times DMA transfer is to be executed. If the DNTCnNTCV
bit of the DNTCn register is not set (to 1), these bits hold the value when DMA
transfer has been completed (00004).

If DMA transfer is completed with the DTCTn.DTCTnMLE = 1, next transfer is
executed 32, 768 times upon a DMA transfer request.

DTCnDTC[14:0] | Operation

0000y Transfer executed 32, 768 times or until completion of
transfer

00014 Transfer executed once or transfer to be executed
once

TFFFy Transfer executed 32, 767 times or 32, 767 times of
transfer to be executed

Caution1. Writing to these bits is prohibited while DMA transfer is enabled (DTSnDTE bit
= 1). Operation is not guaranteed if this is attempted.
Caution 2. If an error occurs in the target for transfer in a cycle of reading for DMA
transfer, the corresponding write cycle is not executed but the destination
address is still updated.
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5.5.16

Access
Address

Initial value

DNTCn (n =0to 7): DMA Next Transfer Count Register

This 16-bit register sets the number of times transfer on the DMA channel is to
proceed.

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

DNTC7: FFFF 7484y, DNTCG6: FFFF 7454, DNTC5: FFFF 7424,
DNTC4: FFFF 73F4y, DNTC3: FFFF 73C4y, DNTC2: FFFF 7394,
DNTC1: FFFF 7364y, DNTCO: FFFF 7334y

0000,

This register is initialized by a reset from any source.

15 14 13 12 11 10 9 8

DNTCn DNTCn DNTCn DNTCn DNTCn DNTCn DNTCn DNTCn
NTCV NDTC14 | NDTC13 | NDTC12 | NDTC11 | NDTC10 NDTC9 NDTC8

R/W R/W R/W R/W R/W R/W R/W R/W

DNTCn DNTCn DNTCn DNTCn DNTCn DNTCn DNTCn DNTCn
NDTC7 NDTC6 NDTC5 NDTC4 NDTC3 NDTC2 NDTC1 NDTCO

R/W R/W R/W R/W R/W R/W R/W R/W
Bit Position | Bit Name Function
15 DNTCnNTCV DMA next transfer count valid

This bit controls whether or not copying of the number of DMA unit transfers
(DMA transfer count) from the DMA next transfer count register to the DMA
count register is to proceed on completion of DMA transfer. It is cleared once
the DMA transfer count has been copied.

0: Does not copy/copying completed

1: Copies/copying not completed

to

14to 0 DNTCnNDTC14 | DMA next transfer count

DNTCnNDTCO channel n.

These bits specify the number of times unit DMA transfer is to proceed on

DNTCnNDTC[14:0] | Operation
00004 Transfer executed 32, 768 times

0001y Transfer executed once

TFFFy Transfer executed 32, 767 times
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5.5.17 DTCCn (n =0 to 7): DMA Transfer Count Compare Register
The value in this 16-bit register is compared with that in the DMA transfer
counter and interrupts are controlled accordingly.
Access This register is readable/writable in 16-bit units.
Address DTCCY7: FFFF 7486, DTCC6: FFFF 7456y, DTCC5: FFFF 7426,
DTCC4: FFFF 73F6y, DTCC3: FFFF 73C6y, DTCC2: FFFF 7396,
DTCC1: FFFF 7366y, DTCCO: FFFF 73364
Initial value 00004
This register is initialized by a reset from any source.
15 14 13 12 11 10 9 8
0 DTCCn | DTCCn | DTCCn | DTCCn | DTCCn | DTCCn | DTCCn
DTCC14 | DTCC13 | DTCC12 | DTCC1l | DTCC10 | DTCC9 | DTCC8
R R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
DTCCn | DTCCn | DTCCn | DTCCn | DTCCn | DTCCn | DTCCn | DTCCn
DTCC7 | DTCC6 | DTCC5 | DTCC4 | DTCC3 | DTCC2 | DTCCl | DTCCO
R/W R/W R/W R/W R/W R/W R/W R/W
Bit Position | Bit Name Function
14t0 0 DTCCnDTCC14 | DMA transfer count comparison

to DTCCnDTCCO

DTCC[14:0] specifies a number of times transfer is to proceed for
comparison with the value in the DMA transfer count register for channel n,
and an interrupt is generated when the two (DTCn and DTCCn) match.
DTCCn can be used as a trigger for setting of the next address. More
precisely, an interrupt is generated when unit DMA transfer has been
completed the same number of times as the value in the DTCCn register.

DTCCnDTCC[14:0] | Operation

0000y Not compared

0001y Interrupt is generated when DTC = 0001
TFFFH Interrupt is generated when DTC = 7FFF4

Caution Writing to these bits is prohibited while DMA transfer is enabled (DTSnDTE bit
= 1). Operation is not guaranteed if this is attempted.
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5.5.18

DTCTn (n = 0to 7): DMA Transfer Control Register

This 16-bit register sets transfer data size and direction (up or down) for
counting of addresses.

Access
Address

This register is readable/writable in 16-bit units.
DTCT7: FFFF 7488y, DTCT6: FFFF 7458, DTCT5: FFFF 7428,

DTCT4: FFFF 73F8y, DTCT3: FFFF 73C8y, DTCT2: FFFF 7398,
DTCT1: FFFF 7368y, DTCTO: FFFF 73384

Initial value

This register is initialized by a reset from any source.

0000,

15

14

13

12

11

10

0

DTCTnDS1

DTCTnDSO

DTCTn
MLE

0

R

7

R/W

6

R/W

5

R/W

4

DTCTn
SACM1

DTCTn
SACMO

DTCTn
DACM1

DTCTn
DACMO

R/W

R/W

R/W

R/W

Bit Position

Bit Name

Function

14

DTCTnDS1

DMA transfer data size

13 DTCTnDSO

These bits specify the DMA transfer data size of channel n.

DTCTnDS1

DTCTnDSO

Transfer Data Size

0

0

8 bits

16 bits

32 bits

0
1
1

1
0
1

128 bits

12

DTCTnMLE

Multi-link enable

This bit specifies whether to acknowledge the next DMA transfer request
without clearing the DTSnTC bit (to 0) after DMA transfer has been completed.
If this bit is set (to 1), the DTSnDTE bit is not cleared upon completion of DMA
transfer.
Even if the DTSNTC bit is not cleared, DMA transfer is executed if a DMA
transfer request is issued.

0: The DTSnDTE bit is cleared upon completion of DMA transfer.

1: The DTSnDTE bit is not cleared upon completion of DMA transfer.
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Bit Position | Bit Name Function
7 DTCTnSACM1 | DMA transfer source address counting direction
6 DTCTnSACMO | These bits specify the direction (up or down) in which counting from the transfer
source address for channel n is to proceed.
DTCTnSACM1 | DTCTnSACMO | Counting Direction
0 0 Incremented
0 1 Decremented
1 0 Fixed
1 1 Setting prohibited
5 DTCTnDACM1 | DMA transfer destination address counting direction
4 DTCTnDACMO | These bits specify the direction (up or down) in which counting from the transfer
destination address for channel n is to proceed.
DTCTnDACM1 | DTCTnDACMO | Counting Direction
0 0 Incremented
0 1 Decremented
1 0 Fixed
1 1 Setting prohibited
Caution1l. Writing to these bits is prohibited while DMA transfer is enabled (DTSnDTE bit
=1). Operation is not guaranteed if this is attempted.
Caution 2. Operation is not guaranteed if the DTCTnSACM[1:0] and DTCTnDACM][1:0]
bits are set to a prohibited state.
Caution 3. Be sure to set bits 11 and 0 of the DTCTn register to 0.
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5.5.19 DTSn (n =0to 7): DMA Transfer Status Register

This 8-bit register is for checking the state of DMA transfer control.
Access This register is readable and writable in 1- and 8-bit units.

Address DTS7: FFFF 748Ay, DTS6: FFFF 745A, DTS5: FFFF 742Ay,
DTS4: FFFF 73FAy, DTS3: FFFF 73CAy, DTS2: FFFF 739Ay,
DTS1: FFFF 736Ay, DTSO: FFFF 733Ay

Initial value 00y

This register is initialized by a reset from any source.

7 6 5 4 3 2 1 0
DTSnTC | DTSnDT 0 0 DTSNER | DTSnDR | DTSnSR | DTSnDTE
R/W R/W R R R R R/W R/W
Bit Position Bit Name Function
7 DTSnTC DMA transfer end status

This bit indicates that DMA transfer has been completed. To clear this bit, write
0 to it after reading it as 1. We recommend using bit-manipulation instructions
such as CLR1 when writing to this bit.

0: DMA transfer not completed

1: DMA transfer completed

6 DTSnDT DMA transfer status
This bit indicates that a DMA transfer request has been acknowledged and that
DMA transfer is in progress. It is not set (to 1) when a DMA transfer request is
simply issued. This bit is cleared (to 0) on completion of DMA transfer. If the
DTSnDTE bit is 0, this bit can be cleared by the user (and writing to this bit can
proceed at the same time as writing to the DTSnDTE bit).

0: DMA transfer request acknowledged

1: DMA transfer in progress

3 DTSnER DMA transfer error flag
This bit indicates that a DMA transfer error has occurred in channel n. It is
cleared (to 0) when the DTRCOERR bit of the DTRCO register is cleared. Note
that this bit is read-only.

0: No DMA transfer error

1. DMA transfer error

2 DTSnDR Hardware DMA transfer request flag
This bit indicates the presence or absence of a hardware DMA transfer request
for channel n. The bit is cleared (to 0) when the hardware DMA transfer request
is negated. The state of the DTSnDTE bit does not affect the operation of this
bit. It is not set (to 1) by a software DMA transfer request, or by a hardware
DMA transfer request when a software DMA transfer request is currently
selected in the DMA transfer request selection register. Note that this bit is read-
only.

0: No hardware DMA transfer request

1: Hardware DMA transfer request

1 DTSnSR Software DMA transfer request
This bit selects a software DMA transfer request. If the software DMA transfer
request is currently selected in the DMA transfer request select register, writing
1 to this bit and to the DTSnDTE bit starts DMA transfer. This bit is automatically
cleared (to 0) when DMA transfer has been completed. Writing 0 to this bit
suspends DMA transfer.

0: No software DMA transfer request

1: Software DMA transfer request
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Bit Position

Bit Name

Function

0

DTSnDTE

DMA transfer enable
This bit enables or disables DMA transfer. After a 1 is written to this bit, DMA
transfer is executed once a DMA transfer request is issued. This bit is
automatically cleared (to 0) on completion of DMA transfer if the DTCTnMLE bit
is 0.
DMA transfer is suspended if O is written to this bit during DMA transfer.

0: DMA transfer is disabled.

1: DMA transfer is enabled.
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5.6 DMAC Function Details

5.6.1 DMAC Transfer Setting Flow

The following figure shows the flow of DMAC transfer settings.

Set DTS
DTSnDTE « 0 (disable DMA transfer)

Set DSA (transfer
source address)

Set DSC
(transfer source chip select)

Set DDA (transfer
destination address)

Set DDC (transfer
destination chip select)

Set DTC
(transfer count)

Set DTCT
(transfer data size, address count direction)

Use N
Next address

Software
DMA transfer

Set DTCC (transfer

count comparison)

Set DTRS
(software request)

Set DTCT.
DTCTNMLE « 1 (multilink enable)

Set DTS
DTSnDTE « 1 (enable DMA transfer)

Set DTS I
Software DMA N DTSnDTE « 1 (enable DMA transfer)
transfer request * DTSnSR « 1 (software request)
Y t f Set %TRS ¢ DMA transfer
(except for so*ware request) request
Set DTS

| DTSNDTE « 1 (DMA transfer enabled) completed

Set DTS
DTSnDTE « 1 (DMA transfer enabled)
DTSnSR « 1 (software request)

Transfer
completed

Set DTS
DTSnTC « 0 (TC clear)

ardware
DMA transfer

Set DTS
DTSNnTC « 0 (TC clear)

ransfer
count match
interrup

Set DNSA
(next transfer source address)
3 Set DNSA
Set DNSC (next transfer source address)
(next transfer source chip select)

Set DNDA (next transfer source chip select)

(next transfer destination address)

Set DNSC |

Set DNDA
(next transfer destination address)

Set DNDC
(next transfer destination chip select

Set DNDC
(next transfer destination chip select)

Set DNTC
(next transfer count)

Set DNTC
(next transfer count)

Transfer .!I

completed

Transfer
completed

Figure 5-3 DMAC Transfer Setting Flow
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CHO

5.6.2

1)

Hardware DMA
transfer request 0
(input)

Acknowledge 0
(output)

DMAC Transfer Modes

The DMAC supports a single-transfer mode and single-step transfer mode as
transfer modes.

In either mode, transfer is executed in 2 cycles (dual address transfer) and
therefore, a read cycle and a write cycle are generated each time transfer is
executed. In the case of 128-hit transfer, the read cycle is generated 4 times
and the write cycle is generated 4 times, in that order.

Note that the bus is not locked. Consequently, a CPU-access cycle may
interrupt between the read and write cycles, and between the 4 read cycles
and 4 write cycles during 128-bit transfer.

Single Transfer Mode (when Hardware DMA Transfer Request Is
Generated)

When a hardware DMA transfer request is acknowledged, the amount of data
specified as the unit of data transfer (8, 16, 32, or 128 bits) is transferred. Each
time transfer of this amount is executed, the bus is released and the DMA
controller waits for a DMA transfer request. The acknowledge n signal (=7 to
0), which indicates that a hardware DMA transfer request has been
acknowledged, is also output at this time.

Transfer is executed once for each acknowledgement of a hardware DMA
transfer request. This operation is repeated the number of times specified in
DMA transfer count register n (DTCn) (n = 7 to 0).

* * * * * * Transfer
completed

Note: * The bus is always released. When the CPU requests the bus mastership, the CPU acquires the bus mastership.

Figure 5-4 Example of Single Transfer (8/16/32 bits)
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Hardware DMA

transfer request 0 l \

CHO (input)

Acknowledge 0 l'\
(output)

Hardware DMA
transfer request 1 l \

(input)

CH1

Acknowledge 1 l’\
(output)

* * * * * *

*  Transfer
completed

Note: * The bus is always released. When the CPU requests the bus mastership, the CPU acquires the bus mastership.

Figure 5-5 Example of Single Transfer (128 Bits, DMA Channel Priority: CHO (High) >
CH1 (Low))

(2) Single-Step Transfer Mode (when Software DMA Transfer Request Is
Generated)

When a software DMA transfer request is acknowledged, the amount of data
specified as the unit of data transfer (8, 16, 32, or 128 bits) is transferred. Each
time transfer of this amount is executed, the bus is released and the DMA
controller waits for a DMA transfer request. The acknowledge n signal (n =7 to
0), which indicates that a hardware DMA transfer request has been
acknowledged is not output at this time.

Once a software DMA transfer request has been acknowledged, this operation
is repeated the number of times specified in DMA transfer count register n
(DTCn) (n =7 to 0). Priority is determined each time transfer is executed, so a
DMA cycle for a channel having a higher priority may interrupt transfer in
response to a software DMA request.

(input)

Hardware DMA
transfer request 0 l \
CHO
Acknowledge 0 [\
(output)
{ - Software DMA transfer request (CH1)

- DMA transfer count setting: 3 times High-priority DMA cycle

CH1

* * * * * * * Transfer
completed

Note: * The bus is always released. When the CPU requests the bus mastership, the CPU acquires the bus mastership.

Figure 5-6 Example of Single-Step Transfer (8/16/32 Bits, DMA Channel Priority:
CHO (High) > CH1 (Low))
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Hardware DMA

transfer request 0 , \
CHO (input)
Acknowledge 0 I—\
(output)
- Software DMA transfer request (CH1)
CH1 - DMA transfer count setting: 1 time

* * El * s’ s’ s

Transfer
completed

Note: * The bus is always released. When the CPU requests the bus mastership, the CPU acquires the bus mastership.

Figure 5-7 Example of Single-Step Transfer (128 Bits, DMA Channel Priority: CHO
(High) > CH1 (Low))
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CH3
CH2

CH1

transfer request 0

input

CHO (input)
Acknowledge 0

5.6.3 DMAC Channel Priority Control

The priority of each DMACO channel is fixed and the order of priority is as

follows:

CHO >CH1>CH2>CH3 >CH4 > CH5 > CH6 > CHTY.

If another DMA transfer request with a high priority is generated while transfer
is in progress, the request with the higher priority always takes precedence.
This is also the case for software DMA requests, since the bus is also released
after every DMA cycle in response to a software DMA transfer request.

The following figure shows an example where a next DMA transfer request
with higher priority is generated while DMA transfer is in progress.

Hardware DMA

transfer request 3
(input)

Acknowledge 3
(output)

Software DMA
transfer request 2

Transfer
completed (DMA
transfer count

setting: 2 times)

Hardware DMA
transfer request 1 I \

(input)

Acknowledge 1

(output)

Hardware DMA

(output)

CPU [ CPU IDMA3] CPU JDMA2] CPU IDMAO)] CPU IDMA1

CPU

DMA2

CPU

DMA3

CPU

DMA3

CPU X

Figure 5-8 Example of Priority Control
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5.6.4 Conditions for Validity of DMA Transfer Requests

Whether a request for DMA transfer on channel n is or is not acknowledged
depends on the setting of the DTRCOERR and DTRCOADS bits of the DMA
transfer request control register (DTRCO), the DTCTnMLE bit of the DMA
transfer control register (DTCTn), and the DTSNnTC and DTSnDTE bits of the
DMA transfer status register (DTSn). The following table lists the relationship
between the settings of these bits and whether a DMA transfer request is or is
not acknowledged.

Table 5-6 Conditions for Validity of Requests for DMA Transfer on Channel n

DMA

DTSn. DTSn. DTCTn. DTRCO. DTRCO. Transfer
Register.Bit Name DTSnDTE DTSnTC DTCTnMLE DTRCOERR | DTRCOADS | Request
When DMA transfer is 0 X X X X Invalid
disabled
When DMA transfer error X X X 1 X Invalid
occurs
When DMA transfer is X X X X 1 Invalid
suspended
When DMA transfer is X 1 0 X X Invalid
completed (multilink disabled)
When DMA transfer is 1 X 1 0 0 Valid
completed/not completed
(multilink enabled)
When DMA transfer is 1 0 0 0 0 Valid
enabled

Note n=0to7
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5.6.5 Next Address Function

(1) Next Address Setting Registers

These registers are used to set the transfer information for the next transfer in
advance while DMA transfer is in progress. This information is copied to the
corresponding registers at the start of the last DMA cycle for the current
transfer. The registers are as follows.

» DMA next source address register (DNSAnNH/DNSAnNL)

« DMA next source chip select register (DNSCn)

» DMA next destination address register (DNDANH/DNDAnNL)
» DMA next destination chip select register (DNDCn)

» DMA next transfer count register (DNTCn)

The most significant bit of each register for higher-order address bits is a
“valid” bit that can be used to select whether or not to copy the transfer
information to the “current” registers at the start of the last DMA cycle for the
current transfer. Once the transfer information to be transferred next is copied
to the current register, the “valid” bit is cleared.

(2) Processing upon DMA Transfer Completion when Using Next Address
Function

Normally, upon completion of DMA transfer, the DMA transfer enable bit
(DTSNDTE) is cleared at the same time the DMA transfer completion status bit
(DTSNTC) of the DMA transfer status register (DTSn) is set, and subsequent
DMA transfer requests are no longer acknowledged. However, if the multilink
enable bit (DTCTNMLE) is set, DTSnDTE is not cleared and DMA transfer
requests can be acknowledged even if DTSNTC is set.

Therefore, setting DTCTnMLE eliminates the steps of clearing DTSnTC and
setting DTSNDTE upon completion of DMA transfer when the next address
function is in use.

(3) Timing of Next-Address Settings

A new value can be written to a next address setting register at any time.
However, to prevent a conflict between copying to the “current” register and
writing by the user, make sure that setting of the next address setting register
is completed before the start of the last DMA cycle for the current transfer.

We recommend that you use the DMA transfer count match interrupt as the
trigger for setting the next address setting register. In this case, set the DMA
transfer count compare register (DTCCn) so as to secure the time required for
setting in the next address setting register.
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5.6.6 Suspending/Resuming DMA Transfer

(1) Suspending or Resuming DMA Transfer for All Channels through
Software

Subsequent DMA transfer can be suspended by setting the DMA transfer abort
bit (DTRCOADS) of the DMA transfer request control register (DTRCO).

When this is done during a DMA cycle, DMA transfer is suspended on
completion of the ongoing DMA cycle. Note that the DMA transfer enable bit
(DTSNDTE) and the software DMA transfer request bit (DTSnSR) of the DMA
transfer status register (DTSn) are not cleared.

To resume a DMA transfer suspended in this way, clear the DTRCOADS bit. To
end DMA transfer, clear the DMA transfer request while the DTSnDTE bit is
clear.

(2) Suspending or Resuming DMA Transfer by Using DMA Transfer Enable
Bit (DTSNDTE)

Subsequent DMA transfer can be suspended by clearing the DMA transfer
enable bit (DTSnNDTE) of the DMA transfer status register (DTSn).

When this is done during a DMA cycle, DMA transfer is suspended on
completion of the ongoing DMA cycle. Note that the software DMA transfer
request bit (DTSnSR) for the DTSn is not cleared.

To resume a DMA transfer suspended in this way, set the DTSnDTE bit. To
end DMA transfer, clear the DMA transfer request while the DTSnDTE bit is
clear.

(3) Suspending or Resuming DMA Transfer by Using Software DMA Transfer
Request Bit (DTSnSR)

Subsequent DMA transfer can be suspended by clearing the software DMA
transfer request bit (DTSNSR) of the DMA transfer status register (DTSn).

When this is done during a DMA cycle, DMA transfer is suspended on
completion of the ongoing DMA cycle.

To resume a DMA transfer suspended in this way, set the DTSnSR bit.
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5.6.7

1)

@)

Error Responses

Error Response Leading to Suspension of DMA Transfer

When an error occurs at the DMA transfer source or transfer destination,
DMAC sets the DMA transfer abort bit (DTRCOADS) of the DMA transfer
request control register (DTRCO) to suspend subsequent DMA transfer. At the
same time, the DMA transfer error status bit (DTRCOERR) is set and a
SysError exception is generated for the CPU. Once the user has confirmed
that DTRCOERR has been set, the DMA transfer error flag (DTSnER) of the
DMA transfer status register (DTSn) can be used to identify the channel where
the error occurred.

In this case, note that if the error response is acknowledged within the read
cycle, the write cycle does not proceed but the transfer address and transfer
count are updated.

Canceling Transfer Suspension Due to Error Response

DMA transfer suspension can be reversed by clearing the DMA transfer abort
bit (DOTRCOADS) and DMA transfer error status bit (DTRCOERR) of the DMA
transfer request control register (DTRCO).

Clear the DMA transfer enable bit (DTSnDTE) of the DMA transfer status
register (DTSnN) in advance, so that DMA transfer is not resumed after reversal
of suspension. In the case of a software DMA transfer request, also clear the
software DMA transfer request bit (DTSnSR).
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5.7

Caution

5.7.1

Number of
transfer sources

DMAC interface

CPU interface

Clearing of
transfer requests

Confirming
transfer requests

DTFR Functions

Each DMA trigger factor register (DTFR) is used to select DMA trigger sources
from among interrupt signals and to request DMA transfer by the DMAC. A
DTFRn register (n = 7 to 0) is included to select the signals to be used for DMA
transfer requests for each channel from among the m = 108 input interrupt
signals.

If transfer is enabled (DTSn.DTE = 1), writing to a DTFR might lead to the
simultaneous start of transfer. To avoid this, use the DMA request clearing
register (DRQCLR) to clear the transfer activating source flag just before
transfer is enabled.

Features

DMA transfer requests (for 8 channels) are selected from among the m = 108
interrupt signals.

The DMA transfer request signal n (n = 7 to 0) is output.

The DMA transfer request signal n is cleared by an acknowledge signal from
DMA.

The last transfer signal from DMA is output as a CPU interrupt signal.

Register access to clear transfer request signals being sent to the DMA block
is possible.

Register access to check transfer request signals sent to the DMA block is
possible.
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5.8 DTFR Control Registers
5.8.1 DTFRn (n =0to 7): DMA Trigger Factor Register
This 16-bit register selects an activating source to control the start of DMA
transfer operations on the corresponding channel.
Access This register is readable/writable in 16-bit units.
Address DTFRO: FFFF 7B00y, DTFR1: FFFF 7B02,, DTFR2: FFFF 7B04,
DTFR3: FFFF 7B06y, DTFR4: FFFF 7B08y, DTFR5: FFFF 7BOAy,
DTFR6: FFFF 7BOCy, DTFR7: FFFF 7BOEy
Initial value 00004
This register is initialized by a reset from any source.
15 14 13 12 11 10 9 8
DTFRn
REQEN 0 0 0 0 0 0 0
R/W R R R R R R R
6 5 4 3 2 1 0
IFCn[6:0]
R/W R/W R/W R/W R/W R/W R/W
Bit Position | Bit Name Function
15 DTFRnNREQEN | This bit enables or disables operation of the DMA activating source selector for
channel n.
1: The source selector operates.
0: The source selector is stopped and corresponding DMA transfer request
(DMARQ) is not issued.
The settings of IFC6 to IFCO are valid. Requests are always sampled.
6to0 IFCn6 to These bits select the transfer source.
IFCn0O The set values are shown in Table 5-1, List of DMA Trigger Sources.
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5.8.2 DRQCLR: DMA Request Clear Register

This 16-bit register is used to clear activating sources for DAM transfer.
Access This register is readable/writable in 16-bit units.
Address FFFF 7B40y

Initial value 00004

This register is initialized by a reset from any source.

15 14 13 12 11 10
0 0 0 0 0 0
7 6 5 4 3 2 1 0
RQCR7 | RQCR6 | RQCR5 | RQCR4 | RQCR3 | RQCR2 | RQCR1 | RQCRO
R/W R/W R/W R/W R/W R/W R/W R/W
Bit Position Bit Name Function
7 RQCR7 This is a control bit for clearing the DMA request check register

(DRQSTR.RQSTY bit).
Setting 1 in this bit clears a transfer request held for channel 7 to 0.

6 RQCR6 This is a control bit for clearing the DMA request check register
(DRQSTR.RQST®6 bit).
Setting 1 in this bit clears a transfer request held for channel 6 to 0.

5 RQCR5 This is a control bit for clearing the DMA request check register
(DRQSTR.RQSTS5 bit).
Setting 1 in this bit clears a transfer request held for channel 5 to 0.

4 RQCR4 This is a control bit for clearing the DMA request check register
(DRQSTR.RQSTH4 bit).
Setting 1 in this bit clears a transfer request held for channel 4 to 0.

3 RQCR3 This is a control bit for clearing the DMA request check register
(DRQSTR.RQSTS3 hit).
Setting 1 in this bit clears a transfer request held for channel 3 to 0.

2 RQCR2 This is a control bit for clearing the DMA request check register
(DRQSTR.RQST2 hit).
Setting 1 in this bit clears a transfer request held for channel 2 to 0.

1 RQCR1 This is a control bit for clearing the DMA request check register
(DRQSTR.RQST1 bit).
Setting 1 in this bit clears a transfer request held for channel 1 to 0.

0 RQCRO This is a control bit for clearing the DMA request check register
(DRQSTR.RQSTO bit).
Setting 1 in this bit clears a transfer request held for channel 0 to 0.

Note Writing O to bits 15 to O is ignored.
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5.8.3 DRQSTR: DMA Request Check Register

This 16-bit register is used to check the state of DMA transfer requests.

Access Only reading is possible and this must be in 16-bit units.

Address FFFF 7B44y

Initial value 00004

This register is initialized by a reset from any source.

15 14 13 12 11 10
0 0 0 0 0 0
7 6 5 4 3 2 1 0
RQST7 RQST6 | RQST5 RQST4 RQST3 RQST2 RQST1 RQSTO
R R R R R R R R
Bit Position | Bit Name Function
7 RQST7 1: Request issued (DMA transfer request signal 7 is 1)
0: No request (DMA transfer request signal 7 is 0)
6 RQST6 1: Request issued (DMA transfer request signal 6 is 1)
0: No request (DMA transfer request signal 6 is 0)
5 RQST5 1: Request issued (DMA transfer request signal 5 is 1)
0: No request (DMA transfer request signal 5 is 0)
4 RQST4 1: Request issued (DMA transfer request signal 4 is 1)
0: No request (DMA transfer request signal 4 is 0)
3 RQST3 1: Request issued (DMA transfer request signal 3 is 1)
0: No request (DMA transfer request signal 3 is 0)
2 RQST2 1: Request issued (DMA transfer request signal 2 is 1)
0: No request (DMA transfer request signal 2 is 0)
1 RQST1 1: Request issued (DMA transfer request signal 1 is 1)
0: No request (DMA transfer request signal 1 is 0)
0 RQSTO 1: Request issued (DMA transfer request signal 0 is 1)
0: No request (DMA transfer request signal 0 is 0)
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Section 6 Memory Modules

This section describes the memory modules.

Products of this series are equipped with code flash memory, data flash
memory, and RAM. Refer to Table 6-1, On-Chip Memory of V850E2/PG4-L
Products for the memory size per product.

Code flash memory is programmable in two ways: by a flash programmer or by
self-programming. Data flash memory is also programmable by a flash
programmer.

If the dedicated flash programmer is to program on-chip memory, it has to be
connected to the target system.

For self-programming, an application program is used instead of the dedicated
flash programmer.

Flash memory is commonly used for the following purposes in the
development environment and field of application:

o altering software after solder-mounting of the microcontroller on the target
system,

o differentiating software in the small-scale production of a variety of models,
and

o adjusting data when mass production starts.

Table 6-1 On-Chip Memory of V850E2/PG4-L Products

pPD70F4154 pPD70F4155
Code flash 384 Kbytes 384 Kbytes
Data flash 16 Kbytes 16 Kbytes
On-chip RAM 24 Kbytes 24 Kbytes
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6.1 Features

» Single-block erasure
» Communicating with the dedicated flash programmer via a serial interface

» Voltage for erasure/programming: erasure and programming only require a
single power supply

* On-board programming

» Self-programming of the flash memory

6.1.1 Code Flash Memory

* ROM capacity: 384 Kbytes
» Erasure unit: single block (each block taking up 32 Kbytes)
» ECC function

Refer to section 9, Safety Functions, for details.

» Methods of erasure and programming

Support for Nexus
Support for serial interfaces (one-line UART and three-line CSI-HS)

Support for programming by the dedicated flash programmer

Support for self-programming
» Other supported functions
— Prohibition of erasure and programming (security function)

— Boot changeover (boot swapping)

Table 6-2 Capacity and Address Range of Code Flash Memory

Code Flash Capacity Address
384 Kbytes 0000 0000y to 0005 FFFF

Note While writing to the code flash by the flash self-programming library (FSL), the
interrupt processing or DMA transfer may be put on hold for a period of up to
33 CPU clock cycles
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6.1.2 Data Flash Memory

* ROM capacity: 16 Kbytes

« Erasure unit: single block (each taking up 32 bytes)
» Programming unit: 2 bytes

» Reading unit: 2 bytes

» Methods of erasure and programming

— Dedicated flash programmer

Table 6-3 Capacity and Address Range of Data Flash Memory

Data Flash Capacity Address
16 Kbytes 0200 0000y to 0200 3FFF4

Note While writing to the data flash by the data flash library (FDL), the interrupt
processing or DMA transfer may be put on hold for a period of up to 35 CPU
clock cycles.

Caution Only 2-byte read or write is possible for data flash.Attempt read or write in 4-
byte or 1-byte units leads to a SYSERR exception if
SEG_CONT.SEG_CONTEXTE = 1.

6.1.3 On-Chip RAM
* RAM capacity: 24 Kbytes

Table 6-4 Capacity and Address Range of RAM

RAM Capacity Address
24 Kbytes FEDF A000y to FEDF FFFFy

Caution The size of the block for the code-flash memory in this product is 32 Kbytes.
Since the size of the on-chip RAM is smaller than the block unit of the code-
flash memory, divide the programming accordingly when programming using
the on-chip RAM in self-programming mode.
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6.2 Programming Environment

Programming, erasure, etc. are handled through a serial interface between the
dedicated programmer and this product. Supply the operating clock for this
product by mounting oscillators and capacitors to configure an oscillation
circuit on the same board as this product.

6.3 Communications Methods

(1) Nexus communications
Transfer rate: 25 MHz (max.)
(2) LPD (single-pin debugging) communications
Transfer rate: 2Mbps (max., When the E1 emulator is used)

(3) One-line UART communications

Transfer rate: 1 Mbps (max.)

(4) Three-line CSI-HS communications

Transfer rate: 5 MHz (max.)
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6.4 Handling of Pins

For on-board programming, the target system requires a connector for
connection to the dedicated flash programmer.

When the transition is made to flash memory programming mode, all of the
pins which are not used for flash memory programming are in the same state
as just after a reset from normal operating mode (single-chip mode).
Consequently, the port pins are all in the high-impedance state. Pin settings
must be adjusted if this is not acceptable for an external device.

6.4.1 Power Supply

Supply the same voltage as in the normal operating mode.

Stabilize the power voltage by inserting capacitors between power-supply pins
and ground during operations in flash memory programming mode (including
flash-self programming).

6.4.2 Pins

Pins to be used for each interface are as follows:

* Nexus: FLMDO, RESET, DCUTRST, DCUTCK, DCUTMS, DCUTDI,
DCUTDO, DCUTRDY

» LPD (single-pin debugging): LPDIO, FLMDO, RESET
* One-line UART: RxD/ TxD, FLMDO, RESET
e Three-line CSI-HS: SI, SO, SCK, FLMDO, RESET

When connecting pins for interfaces which are already connected to other
devices on the board to the dedicated flash programmer, take care to avoid
signal conflicts, abnormal operation of other devices, and so on.

6.4.3 Reset Pin

Connecting the reset signal of the dedicated flash programmer to the RESET
pin, which in turn is connected to the reset-signal generation circuit on the
board, leads to signal conflicts. To avoid these conflicts, isolate the pin's
connection with the reset generation circuit.

A reset signal from the user system input during operation in flash memory
programming mode can cause abnormal programming operation. Therefore,
do not input any signals other than the reset signal from the dedicated flash
programmer.
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6.4.4

6.4.5

FLMDO Pin

Input the high level on FLMDO except for intervals over which pulses are input
during operations in flash memory programming mode (programming, erasure,
or reading). After the pulse input, keep the pin at the high level until flash-
memory operations are completed.

Port Pins

All port pins other than those for communications with the dedicated flash
programmer will be in the high-impedance state when the settings for flash-
memory programming mode are made. No adjustment is required for these
pins.

However, if a pin being in the high-impedance state is not acceptable for an
external device to which it is connected, connect the port pin to EVDD or EVSS
via a resistor.
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6.5 Option-Setting Bytes

The “option bytes” specify product operation. Values of these bytes are
programmed by using the dedicated flash programmer or a function for writing
to them.

Operation of the product with option bytes erased is not guaranteed.

For details, refer to Section 6 OPBTO - Option Byte Verification Register.

Caution When the chip is erased, the FOP (option byte) setting is also initialized
(HEAPCLK = 48 MHz, PCLK = 1/4 HEAPCLK). Therefore, set the serial
communication rate within the range shown below and re-set the FOP.

* One-line UART communications
Baud rate < 750 kbps

e Three-line CSI-HS communications
FPCK < 2 MHz
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6.5.1 OPBTO - Option Byte Verification Register

This register is used to check the settings of option bytes.

Access This register can be read in 32-bit units.
Address FF47 000Cy
Initial value FFFF FFF9y The corresponding value is set when the source signal of any

reset other than the software reset is generated.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
\Fopza | FOP22 \ 1 \
R R R R R R R R R R R R R R R R

T
o
0
w
[
[
[EEN
[
[
[EEN
[
[
[
[
[
[EEN
—

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| 1 \ 1 \ 1 | 1 | 1 \ 1 \ 1 \ \ 1 \ 1 \ 1 \ 1 | FOP3 | FOP2 \ FOP1 \ 1 |
R R R R R R R R R R R R RW RW RW R

Table 6-5 Option Byte Verification Register of V850E2/PG4-L Products

Bit Position | Bit Name Function
31 FOP31 Switches the JTAG port
0: Port function
1: JTAG (Nexus)
When connecting the port to a development tool, set this bit to 1 ( = disabled).
23 FOP23 Enables or disables output of the toggled signal (TGLOUT)
0: TGLOUT is output from P8_0.
1: TGLOUT is not output from P8_0 (P8_0 operates as a port pin).
22 FOP22 Sets the cycle of toggling for the toggled signal (TGLOUT)
0: 6.55 ms
1:13.10 ms
3 FOP3 Sets for the peripheral clock (PCLK)
0: HEAPCLK
1: HEAPCLK/2
2,1 FOP[2:1] Sets the CPU clock (HEAPCLK)
FOP2 FOP1 HEAPCLK
0 0 64 MHz
0 1 80 MHz
1 0 Setting prohibited
1 1 48 MHz
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6.6 Product Identification

(1) PRDNAME Register

This register provides identifying information for the product.

Access This register can be read in 32-bit units.
Address FF47 00284

Initial value 103A01004 (version 1.00 of the yPD70F4154)
103B0100y (version 1.00 of the yPD70F4155)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| 0 | 0 | 0 \ 1 \ 0 | 0 \ 0 \ 0 \ 0 \ 0 \ 1 \ 1 \ 1 \ 0 | 1 \ 0/1 |
R R R R R R R R R R R R R

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

Table 6-6 PRDNAME Register Contents

Bit Position | Function
31to 12
Bits 31 to 12 Description
103A04 uPD70F4154
103B0Oy uPD70F4155
11to 0 The information on the product version is set in these bits.
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(2) PRDSELH Register
This register provides identifying information for the product.

Access This register can be read in 32-bit units.
Address FF47 0024
Initial value FEDF A001y

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Lt e e e fafefaJoJasfafofrf[asfafs]n]
R R R R R R R R R R R R R R
15 14 13 12 11 10 9 8 6 5 4 3 1 0
[12 o] 1 ]o]o]o] o] o] | o o | o] o | o 1|
R R R R R R R R R
Table 6-7 PRDSELH Register Contents
Bit Position Function
3l1t08
31 to 8 Bits Description
FEDFAOH Address where on-chip RAM starts (FEDF A000y)
7t00
7 to 0 Bits Description
01y Code flash memory (384 Kbytes)
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®)

PRDSELL Register

This register provides identifying information for the product.

Access This register can be read in 32-bit units.
Address FF47 00204
Initial value 8000 10FFy
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Lt ]ofJoJoJofoJoJofJoJoJoJofJoJofol]o|]
R R R
15 14 13 12 11 10 9 6 5 3 2 1 0
loJofofsJoJofofJoJas]asf[ss]r]s]s]a]
R R R R R R R R R R

Table 6-8 PRDSELL Register Contents

Bit Position Function
31to 24

31to 24 Bits Description

804 Code flash memory (384 Kbytes)
23t08

23 to 8 Bits Description

00104 Data flash memory (16 Kbytes)
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