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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to
illustrate the operation ofsemiconductor 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 youor third
parties arising from the use of these circuits, software, or information.

2. 2. 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.

3. 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.

4. 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.

5. 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; anticrime 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.

6. 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.

7. 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 even t 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.
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8.

10.

11.

12.

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 majorityowned subsidiaries.

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

for Renesas Electronics.

(2012.4)
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage
notes on theproducts covered by this document, refer to the relevant sections of the document as well
as any technical updates that have been issued for the products.

1. Handling of unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in the

manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation
with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the
vicinity of LSI, anassociated shoot-through current flows internally, and malfunctions occur
due to the false recognition of the pin state as an input signal become possible. Unused pins
should be handled as described under Handling of Unused Pins in the manual.

2. Processing at power-on

The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LS| are indeterminate and the states of register settings
and pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states of
pins are not guaranteed from the moment when power is supplied until the reset process is
completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset
functionare not guaranteed from the moment when power is supplied until the power reaches
the level at which resetting has been specified.

3. Prohibition of access to reserved addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not
access these addresses; the correct operation of LSl is not guaranteed if they are accessed.

4. Clock signals

After applying a reset, only release the reset line after the operating clock signal has become

stable. When switching the clock signal during program execution, wait until the target clock

signal has stabilized.

— When the clock signal is generated with an external resonator (or from an external oscillator)
during a reset, ensure that the reset line is only released after full stabilization of the clock
signal.

Moreover, when switching to a clock signal produced with an external resonator (or by an
external oscillator) while program execution is in progress, wait until the target clock signal is
stable.

5. Differences between products

Before changing from one product to another, i.e. to one with a different part number, confirm

that the change will not lead to problems.

— The characteristics of an MPU or MCU in the same group but having a different part number
may differ in terms of the internal memory capacity, layout pattern, and other factors, which
can affect the ranges of electrical characteristics, such as characteristic values, operating
margins, immunity to noise, and amount of radiated noise. When changing to a product with
a different part number, implement a system-evaluation test for the given product.
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Readers

Purpose

Organization

Module instances

Legend

Note

Caution

Numeric notation:

Prefixes

Register contents:

Diagrams

Further Information

Preface

This manual is intended for users who want to understand the functions of the
concerned microcontrollers.

This manual presents the hardware manual for the concerned microcontrollers.

This system specification describes the following sections:
¢ Pin function

e CPU function

¢ Internal peripheral function

These microcontrollers may contain several instances of a dedicated module.
In general the different instances of such modules are identified by the index
“n”, where “n” counts from 0 to the number of instances minus one.

Symbols and notation are used as follows:
* Weight in data notation:
right is low order column
* Active low notation:
over-scored) or
/xxx (slash before signal name)
¢ Memory map address:
and low order at low stage

Left is high order column,

xxX (pin or signal name is

High order at high stage

Additional remark or tip

Iltem deserving extra attention

¢ Binary: XXXX OF XXXg
¢ Decimal:

¢ Hexadecimal:

XXXX
XXXXp Or 0X XXXX

representing powers of 2 (address space, memory capacity):

« K (kilo): 210 = 1024
e M (mega): 220 = 10242 = 1,048,576
* G (giga): 2%0 = 10243 =

1,073,741,824
X, Xx = don’t care

Block diagrams do not necessarily show the exact wiring in hardware but the
functional structure.

Timing diagrams are for functional explanation purposes only, without any
relevance to the real hardware implementation.

For further information see http./www.renesas.eu/.
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Chapter 1

1.1

O

()

Introduction

The V850ES/Fx3 is a product line in NEC Electronics’ V850 family of single-
chip microcontrollers designed for automotive applications.

General

The V850ES/Fx3 single-chip microcontroller devices make the performance
gains attainable with 32-bit RISC-based controllers available for embedded
control applications. The integrated V850ES CPU offers easy pipeline handling
and programming, resulting in compact code size comparable to 16-bit CISC
CPUs.

The V850ES/Fx3 devices provide an excellent combination of general purpose
peripheral functions like serial communication interfaces, timers/counters,
measurement and control functions, with full CAN network support.

The devices offer specific power-saving modes to manage the power
consumption effectively under varying conditions.

Thus equipped, the V850ES/Fx3 product line is ideally suited for automotive
body applications. It is also an excellent choice for other applications where a
combination of sophisticated peripheral functions and CAN network support is
required.

V850ES CPU

The VB50ES CPU core is a 32-bit RISC processor. Through the use of basic
instructions that can be executed in one clock period combined with an
optimized pipeline architecture, it achieves marked improvements in instruction
execution speed.

In addition, to make it ideal for use in digital control applications, a 32-bit
hardware multiplier supports multiply instructions, saturated multiply
instructions, bit operation instructions, etc.

Through two-byte basic instructions and instructions compatible with high level
languages, the object code efficiency in a C compiler is increased, and
program size can be reduced.

Further, because the on-chip Interrupt Controller provides high-speed interrupt
response and processing, the devices are well suited for high level real-time
control applications.

On-chip flash memory

The V850ES/Fx3 microcontrollers have on-chip flash memory. It is possible to
program the controllers directly in the target environment where they are
mounted.

With this feature, system development time can be reduced and system
maintainability after shipping can be markedly improved.
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1.2

A full range of software development tools

A development system is available that includes an optimized C compiler,
debugger, in-circuit emulator, simulator, system performance analyzer, and
other elements.

Features Summary

The V850ES/Fx3 series includes the following microcontrollers:
e V850ES/FE3

HPD70F3370A
HPD70F3371

* VB850ES/FF3

HPD70F3372
HPD70F3373

* VB850ES/FG3

uPD70F3374
uPD70F3375
HPD70F3376A
uPD70F3377A

* V850ES/FJ3

pPD70F3378
pPD70F3379
puPD70F3380
puPD70F3381
pPD70F3382

* V850ES/FK3

pPD70F3383
pPD70F3384
pPD70F3385

The common CPU core provides:

e 83 instructions

¢ 32 general registers (32 bits each)

¢ Comprehensive instruction set:

V850ES (compatible with V850 plus added powerful instructions for
reducing code and increasing execution speed)

Signed multiplication (16 bits x 16 bits — 32 bits or 32 bits x 32 bits —
64 bits) in 1 to 5 clocks

Saturated operation instructions (with overflow/underflow detection)
32-bit shift instructions in 1 clock cycle

Bit manipulation instructions

Load/store instructions with long/short format

Signed load instructions
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Introduction

1.3

Description

The following figure provides a functional block diagram of the V850ES/FES3,
VB850ES/FF3, and V850ES/FG3 microcontrollers.

NMI——]

INTPO to INTP7 ——|
INTP8 to INTP 0ot '——
INTP14Note2——»)

Interrupt
Controller

fe—n]

KRO to KR7 Key Interrupt

Serial Interfaces

RXDDO to RXDD1 ———
TXDDO to TXDD1 ~—— UARTDO to UARTD1 fa——n]
ASCKDO ——~| [BRG |
RXDD2 Note 3
TXDD2 UARTD2 ]
BRG
RXDD3 to RXDD4 Noed
() —
TXDD3 o TXDDA UARTD3 to UARTD4 [+——
BRG
SIBO to SIB1—
SOBO to SOB1«—— CSIBOto CSIB1 |-
SCKBO to SCKB1 ~——{ =a
SDA00 ,
SCLOO rC
CRXD0——{
AN ]
CTXDO ~—— CANO
Note 5
CRXD1——
CAN1 ]
CTXD1~——
Control Interfaces
ANIO to ANI9 ——— Note 6,7
ANI10 to ANI11Nee6 o
ANI12 to ANI15Me7——~  10-bit ADC

ADTRG ———
AVREF0 ———
AVSS ——

10/12/16 channels

TOABOT1 to TOABOT3 +——

Motor Control

Power and Reset

| Reset POC Low Voltage Detector Power supply
CRU Note 9 Memory Access
~———= Code flash memory
CPU Core oo T
RAM
System Controller
Bus Data flash memory
Control  fa—o-
Unit 32KB
Standby Controller
DMA
Bus
Bridge
Internal Bus
Note 11
Ports

s5s5issiods
gegggRasshe
fadda 223 g s
s )
of D
o o

Internal oscillator
240 KHz

Clock Generator

TOABOB1 to TOABOB3 ~——{  (TABO, TAA4) Intornal oscilator
8 MHz
, —xT1
Timers Sub oscillator L xT2
TIAAQD to TIAA40 ——]
TIAAOT to TIAA4l ——|  16-bit Timers I
TOAAQ0 to TOAA40 «——  TAAO to TAA4 Main oscillator ~ f~—Xx2
TOAAOT to TOAA4T ~——] T with PLL/SSCG  |—PCL
[—CLKoUT
TIAB0O ——]
TIABO1 —— )
TIAB02 —— | 16-bit Timer M Clock Monitor
TIABO3——  16-bit Timer
TOAB0O ~—— TABO
TOABO1 ~—— '
TOABO2 +——f Watch Timer Auxiliary Functions
TOAB03 ~——
[~—DRST
TIAB10 —] Note 8 Watchdog On-chip ~—DDI
TIAB11 —— ~—  Timer2 . |—-pbpo
TIAB12 mer debug unit e Dbck
TIABI3——  16-bit Timer [ DbMS
TOAB10 ~—— TAB1
TOAB11 ~——
TOAB12~——|
TOAB13 ~——|
Figure 1-1 V850ES/FE3, V850ES/FF3, VB50ES/FG3 block diagram
Table 1-2 on page 23 summarizes the different features of the V850ES/FES3,
VB50ES/FF3, VB50ES/FG3 series devices, marked as “Notes” in Figure 1-1 on
page 22.
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Table 1-2 V850ES/FE3, VB50ES/FF3, VB50ES/FG3 feature set differences

V850ES/FE3 V850ES/FF3 V850ES/FG3
Note | Feature
‘F3370A | ‘F3371 | ‘F3372 | ‘F3373 | ‘F3374 | ‘F3375 | ‘F3376A | ‘F3377A
1 INTPS to - - - - v v v ol
INTP10
2 INTP14 - - - - - - \ V
3 UARTD2 - - - - V \ \ \
4 UARTD3 to - - — _ _ _ N N
UARTD4
5 CANA1 - _ _ _ N N N N
6 ANI10 to - - \ \ \ \ \ \
ANI11
7 ANI12 to - - - - \ \ \ \
ANI15
8 TAB1 - - - - v v v v
9 Codeflash | 128 KB | 256 KB | 128 KB | 256 KB | 128 KB | 256 KB | 384 KB | 512 KB
10 RAM 8 KB 16 KB 8 KB 16 KB 8 KB 16KB | 24KB | 32KB
11 Ports refer to “Pin Functions” on page 32
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The following figure provides a functional block diagram of the V850ES/FJ3
and V850ES/FK3 microcontrollers.
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16-bit Timer
TAAS to TAA7

TIABOO to TIAB20 —
TIABO1 to TIAB21 —
TIABO2 to TIAB22 —
TIABO3 to TIAB23 —
TOABOO to TOAB20 «——
TOABO1 to TOAB21 ~——
TOABO2 to TOAB22 «~——|
TOABO3 to TOAB23 ~——

16-bit Timer
TABO to TAB2

Power and Reset

I~ Reset POC Low Voltage Detector Power supply
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Figure 1-2 V850ES/FJ3 and VB50ES/FK3 block diagram

Table 1-3 on page 25 summarizes the different features of the V850ES/FJ3,
VB850ES/FKS series devices, marked as “Notes” in Figure 1-2 on page 24.
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Chapter 1 Introduction
Table 1-3 VB850ES/FJ3, VB50ES/FK3 feature set differences
V850ES/FJ3 V850ES/FK3
Note | Feature
‘F3378 ‘F3379 ‘F3380 ‘F3381 ‘F3382 ‘F3383 ‘F3384 ‘F3385
1 INTP15 - - - - - V \ Yl
2 UARTD3 to - \ N \ \ - - -
UARTDS5
3 UARTDO to - - - - - w/ \ \
UARTD7
4 CSIB3 - - - v v v ol v
5 CAN3 - ol v v v v v v
6 CAN4 - - - _ Z N N N
7 ANI100 to - - - - - w/ \ \
ANI115
8 TAA5 to - - - - - \ \ \
TAA7
9 Code flash 256 KB 384 KB 512 KB 768 KB | 1024 KB | 512 KB 768 KB | 1024 KB
10 RAM 16 KB 24 KB 32 KB 40 KB 48 KB 32 KB 48 KB 60 KB
11 Ports refer to “Pin Functions” on page 32
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1.3.1

CPU

Bus Control Unit

ROM

RAM
DMA Controller

Ports

Clock Generator
Clock Monitor
On-chip Debug

function

Interrupt Controller

Key Interrupt
Function

UARTD
CSIB
CAN Controller

A/D Converter

Motor Controller

Timers/counters

Watch Timer

Watchdog Timer 2

Internal units

The CPU can execute almost all instruction processing, such as address
calculation, arithmetic and logic operations, and data transfer, in one clock
under control of a five-stage pipeline.

Dedicated hardware units such as a multiplier and a 32-bit barrel shifter are
provided to speed up complicated instruction processing.

The Bus Control Unit (BCU) and Memory Controller (MEMC) control the
access to on-chip peripheral I/Os, to the data flash, and to external memory.

The ROM consists of an internal flash memory. It is divided into code flash and
data flash. For the available sizes, refer to Table 1-1 on page 20.

For the available RAM sizes, refer to Table 1-1 on page 20.

The VB50ES/Fx3 has a four-channel DMA Controller that transfers data
between the internal RAM, on-chip peripheral I/O, data flash memory, and
external memory, in response to interrupt requests from the on-chip peripheral
I/0 and external interrupts.

General-purpose port functions and control pin functions are available.

The Clock Generator generates the system clocks. It has four independent
oscillators to ensure system operability if the main oscillator should fail and to
provide low-speed clocks in power-save modes.

The Clock Monitor monitors the main oscillator. In case of failure, it can switch
the system to a different oscillator.

An on-chip debug function that uses the N-Wire interface is provided.

The Interrupt Controller (INTC) processes non-maskable and maskable
interrupt requests from the on-chip peripheral hardware and external sources.
Eight levels of priorities can be specified for these interrupt requests, and
multiple servicing control can be performed on interrupt sources.

A key interrupt request signal can be generated by applying a falling edge to
key input pins on eight channels.

The UARTSs provide 2-wire Asynchronous Serial Interfaces.
The Clocked Serial Interfaces are 3-wire variable-length serial interfaces.

The CAN Controller is a small-scale digital data transmission system that
transfers data between units.

This is a high-speed, high-resolution 10-bit A/D Converter. This converter is of
successive approximation type.

The Motor Controller uses the timers TAA4 and TABO to generate 3- or 6-
phase pulse width modulated (PWM) signals for motor control.

16-bit timers/event counters TAA, 16-bit timers/event counters TAB and one
16-bit interval timer TMM are provided.

The Watch Timer (WT) output forms the reference for the bookkeeping of
daytime and calendar.

The Watchdog Timer (WDT2) is used to detect a program loop and system
errors. When the Watchdog Timer overflows, it generates a non-maskable
interrupt request signal or a system reset signal.
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1.3.2 Structure of the manual

This manual explains how to use the V850ES/Fx3 microcontroller devices. It
provides comprehensive information about the building blocks, their features,

and how to set registers in order to enable or disable specific functions.

The manual provides individual chapters for the building blocks. These
chapters are organized according to the grouping in the diagram.

Core functions

“Pin Functions” on page 32

“CPU System Functions” on page 155
“Clock Generator” on page 179

“Interrupt Controller (INTC)” on page 248
“Key Interrupt Function” on page 296

Memory access

“Flash Memory” on page 298

“Bus and Memory Control (BCU, MEMC)” on page 339
“‘DMA Function (DMA Controller)” on page 373

Timers

“16-Bit Timer/Event Counter AA” on page 400

“16-Bit Timer/Event Counter AB” on page 468

“16-Bit Interval Timer M” on page 519

“Watch Timer Functions” on page 527

“Watchdog Timer 2” on page 533

Serial interfaces

“Asynchronous Serial Interface (UARTD)” on page 539
“Clocked Serial Interface (CSIB)” on page 578

“C Bus (IIC)” on page 608
“CAN Controller (CAN)” on page 674

Control interfaces

“A/D Converter (ADC)” on page 817
“Motor Control Function” on page 856

Power and reset

“Power Supply Scheme” on page 916
“Reset” on page 942
“Low-Voltage Detector” on page 920

Auxiliary functions
“On-Chip Debug Unit” on page 930
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1.4 Ordering Information

1.4.1 VB850ES/FE3 ordering information

eI Quality
Part number Package flash rade? Remark
memory 9
UPD70F3370AM1GBA-GAH-AX 64-pin plastic LQFP (fine | 128 KB A without Power-On-
UPD70F3370AM1GBA1-GAH-AX pitch) » A1 | Clearcircuit
(10 x 10 mm*)
UPD70F3370AM1GBA2-GAH-AX A2
UPD70F3370AM2GBA-GAH-AX A with Power-On-
UPD70F3370AM2GBA1-GAH-AX A1 Clear circuit
UPD70F3370AM2GBA2-GAH-AX A2
UPD70F3371M1GBA-GAH-AX 256 KB A without Power-On-
UPD70F3371M1GBA1-GAH-AX A1 | Clearcircuit
UPD70F3371M1GBA2-GAH-AX A2
UPD70F3371M2GBA-GAH-AX A with Power-On-
UPD70F3371M2GBA1-GAH-AX A1 | Clearcircuit
UPD70F3371M2GBA2-GAH-AX A2
a) The operating ambient temperature of each quality grades is as follows:
A: -40 to +85 °C, A1: -40 to +110 °C, A2: -40 to +125 °C
1.4.2 VB50ES/FF3 ordering information
On-chip .
Part number Package flash Q:‘:‘;:X Remark
memory 9
UPD70F3372M1GKA-GAK-AX 80-pin plastic LQFP (fine | 128 KB A without Power-On-
UPD70F3372M1GKA1-GAK-AX pitch) ) a1 | Clearcircuit
(12 x 12 mm*)
UPD70F3372M1GKA2-GAK-AX A2
UPD70F3372M2GKA-GAK-AX A with Power-On-
UPD70F3372M2GKA1-GAK-AX A1 | Clearcircuit
UPD70F3372M2GKA2-GAK-AX A2
UPD70F3373M1GKA-GAK-AX 256 KB A without Power-On-
UPD70F3373M1GKA1-GAK-AX A1 | Clearcircuit
UPD70F3373M1GKA2-GAK-AX A2
UPD70F3373M2GKA-GAK-AX A with Power-On-
UPD70F3373M2GKA1-GAK-AX A1 | Clearcircuit
UPD70F3373M2GKA2-GAK-AX A2
a) The operating ambient temperature of each quality grades is as follows:
A: -40 to +85 °C, A1: -40 to +110 °C, A2: -40 to +125 °C
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1.4.3 VB850ES/FG3 ordering information

Sl Quality
Part number Package flash grade? Remark

memory
UPD70F3374M1GCA)-UEU-AX 100-pin plastic LQFP 128 KB A without Power-On-
UPD70F3374M1GCA1)-UEU-AX E‘;izexﬁ”:mmz) A1 | Clearcircuit
UPD70F3374M1GCA2-UEU-AX A2
UPD70F3374M2GCA-UEU-AX A | with Power-On-
UPD70F3374M2GCA1-UEU-AX A1 | Clearcircuit
UPD70F3374M2GCA2-UEU-AX A2
UPD70F3375M1GCA-UEU-AX 256 KB A | without Power-On-
UPD70F3375M1GCA1-UEU-AX A1 | Clearcircuit
UPD70F3375M1GCA2-UEU-AX A2
UPD70F3375M2GCA-UEU-AX A | with Power-On-
UPD70F3375M2GCA1-UEU-AX A1 | Clearcircuit
UPD70F3375M2GCA2-UEU-AX A2
UPD70F3376AM1GCA-UEU-AX 384 KB A | without Power-On-
UPD70F3376AM1GCA1-UEU-AX A1 | Clearcircuit
UPD70F3376AM1GCA2-UEU-AX A2
UPD70F3376AM2GCA-UEU-AX A | with Power-On-
UPD70F3376AM2GCA1-UEU-AX A1 | Clearcircuit
UPD70F3376AM2GCA2-UEU-AX A2
UPD70F3377AM1GCA-UEU-AX 512 KB A | without Power-On-
UPD70F3377AM1GCA1-UEU-AX A1 | Clearcircuit
UPD70F3377AM1GCA2-UEU-AX A2
UPD70F3377AM2GCA-UEU-AX A | with Power-On-
UPD70F3377AM2GCA1-UEU-AX A1 | Clearcircuit
UPD70F3377AM2GCA2-UEU-AX A2

a) The operating ambient temperature of each quality grades is as follows:

A: -40 to +85 °C, A1: -40 to +110 °C, A2: -40 to +125 °C
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1.4.4 VB850ES/FJ3 ordering information
Part number Package o;:a(:tlllp g:’:‘;zg Remark
memory
UPD70F3378M1GJA-GAE-AX 144-pin plastic LQFP 256 KB A without Power-On-
UPD70F3378M1GJAT1-GAE-AX Eggex%§2m2) A1 | Clearcircuit
UPD70F3378M1GJA2-GAE-AX A2
UPD70F3378M2GJA-GAE-AX A | with Power-On-
UPD70F3378M2GJAT-GAE-AX A1 | Clearcircuit
UPD70F3378M2GJA2-GAE-AX A2
UPD70F3379M1GJA-GAE-AX 384 KB A | without Power-On-
UPD70F3379M1GJAT-GAE-AX A1 | Clearcircuit
UPD70F3379M1GJA2-GAE-AX A2
UPD70F3379M2GJA-GAE-AX A | with Power-On-
UPD70F3379M2GJAT-GAE-AX A1 | Clearcircuit
UPD70F3379M2GJA2-GAE-AX A2
UPD70F3380M1GJA-GAE-AX 512 KB A | without Power-On-
UPD70F3380M1GJAT-GAE-AX A1 | Clearcircuit
UPD70F3380M1GJA2-GAE-AX A2
UPD70F3380M2GJA-GAE-AX A | with Power-On-
UPD70F3380M2GJAT-GAE-AX A1 | Clearcircuit
UPD70F3380M2GJA2-GAE-AX A2
UPD70F3381M1GJA-GAE-AX 768 KB A | without Power-On-
UPD70F3381M1GJAT-GAE-AX A1 | Clearcircuit
UPD70F3381M1GJA2-GAE-AX A2
UPD70F3381M2GJA-GAE-AX A | with Power-On-
UPD70F3381M2GJAT-GAE-AX A1 | Clearcircuit
UPD70F3381M2GJA2-GAE-AX A2
UPD70F3382M1GJA-GAE-AX 1024 KB A | without Power-On-
UPD70F3382M1GJA1-GAE-AX A1 | Clearcircuit
UPD70F3382M1GJA2-GAE-AX A2
UPD70F3382M2GJA-GAE-AX A | with Power-On-
UPD70F3382M2GJA1-GAE-AX A1 | Clearcircuit
UPD70F3382M2GJA2-GAE-AX A2

a) The operating ambient temperature of each quality grades is as follows:
A: -40 to +85 °C, A1: -40 to +110 °C, A2: -40 to +125 °C
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1.4.5 VB50ES/FK3 ordering information
Part number Package ofr;a‘:rl\lp g:’:;:! Remark
memory
UPD70F3383M1GMA-GAR-AX 176-pin plastic LQFP 512 KB A without Power-On-
UPD70F3383M1GMA1-GAR-AX Egzexpzitfmmz) A1 | Clearcircuit
UPD70F3383M1GMA2-GAR-AX A2
UPD70F3383M2GMA-GAR-AX A | with Power-On-
UPD70F3383M2GMA1-GAR-AX A1 | Clearcircuit
UPD70F3383M2GMA2-GAR-AX A2
UPD70F3384M1GMA-GAR-AX 768 KB A | without Power-On-
UPD70F3384M1GMA1-GAR-AX A1 | Clearcircuit
UPD70F3384M1GMA2-GAR-AX A2
UPD70F3384M2GMA-GAR-AX A | with Power-On-
UPD70F3384M2GMA1-GAR-AX A1 | Clearcircuit
UPD70F3384M2GMA2-GAR-AX A2
UPD70F3385M1GMA-GAR-AX 1024KB | A | without Power-On-
UPD70F3385M1GMA1-GAR-AX A1 | Clearcircuit
UPD70F3385M1GMA2-GAR-AX A2
UPD70F3385M2GMA-GAR-AX A | with Power-On-
UPD70F3385M2GMA1-GAR-AX A1 | Clearcircuit
UPD70F3385M2GMA2-GAR-AX A2

a)

A: -40 to +85 °C, A1: -40 to +110 °C, A2: -40 to +125 °C

The operating ambient temperature of each quality grades is as follows:
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Chapter 2 Pin Functions

This chapter lists the ports of the microcontroller. It presents the configuration
of the ports for alternative functions. Noise elimination on input signals is
explained and a recommendation for the connection of unused pins is given at
the end of the chapter.

2.1 Overview

The microcontroller offers various pins for input/output functions, so-called
ports. The ports are organized in port groups.

To allocate other than general purpose input/output functions to the pins,
several control registers are provided.

For a description of the terms pin, port or port group, see “Terms” on page 37.

Features summary ¢ Number of ports and port groups:

V850ES/ FE3 FF3 FG3 FJ3 FK3
Port groups 8 10 11 15 17
I/O ports 51 67 84 128 152

¢ Configuration possible for individual pins.

¢ For many pins, the connection of a pull-up resistor can be selected.
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2.1.1 Description

Figure 2-1

The VB50ES/FE3, V850ES/FF3, and V850ES/FG3 microcontrollers have the
port groups shown below.
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Chapter 2 Pin Functions

The V850ES/FJ3 and V850ES/FK3 microcontrollers have the port groups
shown below.

~—{ Poo UCIUN D

Port group 0 ‘ to to ‘ Port group 9

~—~| Pos PO15 |~

-— | P10 P120 [«~—>
Port group 1 {

Port group 12

- P11
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-— P80
Port group 8 { Port group DL

-—| P81

- P20
Port group 2 ‘ to S:fl:; Fr P150 [«
3
P215 only to ‘ Port group 15
P157 [«——
~-—— | P30
Port group 3 ‘ to PCDO —
- P39 to ‘ ) Port group CD
-] P40 PCD3 [«——=
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to ‘ Port group CM
~—— | P50
PCM5 [«—
Port group 5 ‘ to
D PCSO [+~
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~— Pe15
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Port group 7 ‘ to PCT7
~—— | P715

PDL15 f+—

Figure 2-2 V850ES/FJ3, V850ES/FK3 port groups
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Port group overview Table 2-1 gives an overview of the port groups. For each port group it shows
the supported functions in port mode and in alternative mode.

Note Not all port groups and functions in Table 2-1 are available for all products of
the VB50ES/Fx3 product line. For detailed information which port groups and
functions are available for a dedicated product, refer to 2.4 Port Type
Diagrams”.

Table 2-1 Functions of each port group (1/2)

Port

group
name

Function

Port mode

Alternative mode

0

7-bit input/output

External interrupt 0 to 3
Non-maskable interrupt

N-Wire debug interface reset

A/D Converter 0 external trigger input
Timer TAA3 channels

Timer TAA4 channels

CANO transmit/receive data

2-bit input/output

External interrupt 9 and 10

16-bit input/output

A/D Converter 1 inputs

10-bit input/output

External interrupt 7 and 8
Timer TAAO channels

Timer TAA1 channels

CANO transmit/receive data
CAN1 transmit/receive data
UARTDO transmit/receive data
UARTDO baud rate clock input
UARTD2 transmit/receive data

3-bit input/output

External interrupt 14

Key interrupt input O to 2

Clocked Serial Interface CSIBO0 data/clock line
UARTD3 transmit/receive data

6-bit input/output

Key interrupt input 0 to 5
N-Wire debug interface signals
Timer TABO channels

Motor control channels

16-bit input/output

External interrupt 11 to 13, 15

Timer TAB2 channels

Clocked Serial Interface CSIB3 data/clock line
CAN2 transmit/receive data

CANS transmit/receive data

UARTDG6 transmit/receive data

UARTD?7 transmit/receive data

A/D Converter 1 external trigger input

16-bit input/output

A/D Converter 0 inputs

2-bit input/output

External interrupt 14
UARTD3 transmit/receive data
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Table 2-1

Functions of each port group (2/2)

Port

group
name

Function

Port mode

Alternative mode

9

16-bit input/output

External interrupt 4 to 6

Key interrupt input 6 to 7

Timer TAA2 channels

Timer TABO channels

Timer TAB1 channels

Clocked Serial Interface CSIB1 data/clock line
Clocked Serial Interface CSIB2 data/clock line
UARTD1 transmit/receive data

UARTD4 transmit/receive data

UARTD5 transmit/receive data

CAN2 transmit/receive data

I2C data/clock line

Programmable clock output

12

8-bit input/output

A/D Converter 0 inputs

15

8-bit input/output

Timer TAA5 channels
Timer TAA6 channels
Timer TAA7 channels
CAN4 transmit/receive data

CD

4-bit input/output

CM

6-bit input/output

External memory interface data wait request
CPU system clock output
External memory interface bus hold request input

External memory interface bus hold acknowledge
output

CS

8-bit input/output

External memory interface chip select signals

CT

8-bit input/output

External memory interface read/write/address
strobe

DL

16-bit input/output

External memory interface address/data lines
Oto 15

Pin configuration To define the function and the electrical characteristics of a pin, several control
registers are provided.

For a general description of the registers, see “Port Group Configuration
Registers” on page 38.

For every port, detailed information on the configuration registers is given in
“Port Type Diagrams” on page 52.
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Chapter 2 Pin Functions
2.1.2 Terms

In this section, the following terms are used:

e Pin
Denotes the physical pin. Every pin is uniquely denoted by its pin number.
A pin can be used in several modes. Depending on the selected mode, a pin
name is allocated to the pin.

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

e 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 Pnm. For example, P04 denotes port 4 of port
group 0. It is referenced as “port P04”.

¢ Alternative mode
In alternative mode, a pin can work 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 for example P03 and INTPO denote the same physical pin. The
different names indicate the function in which the pin is being operated.

¢ Port type
A control circuit evaluates the settings of the configuration registers. There
are different types of control circuits, called “port types”.

2.1.3 Noise elimination

The input signals at some pins are passing a filter to remove noise and

glitches. The microcontroller supports both analog and digital filters.

See “Noise Elimination” on page 144 for a detailed description.
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2.2 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 classified in the

following groups:

* “Pin function configuration” on page 39

* “Pin data input/output” on page 45

e “Configuration of pull-up resistors” on page 47

* “Open drain configuration” on page 48

2.2.1 Overview

For the configuration of the individual pins of the port groups, the following

registers are used:

Table 2-2 Registers for port group configuration

Register name Shortcut Function

Port mode control register PMCn Pin function configuration

Port mode register PMn

Port function control register PFCn

Port function control expansion register PFCEn

On-chip debug mode register OCDM

Port register Pn Pin data input/output

Pull-up resistor option register PUn Configuration of pull-up resistors
Port function register PFn Open drain configuration

n=0to 9, 12, 15, CD, CM, CS, CT, DL
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Chapter 2 Pin Functions
2.2.2 Pin function configuration
The registers for pin function configuration define the general function of a pin:
¢ port mode or alternative mode
¢ in port mode: input mode or output mode
* in alternative mode: selection of one of the alternative functions in
alternative mode
¢ normal mode or on-chip debug mode (N-Wire interface)
An overview of the register settings is given in the table below.
Table 2-3 Pin function configuration (overview)
Function Registers /0
OCDM PMC PM PFCE PFC
Port mode (output) 0 0 X X 0]
Port mode (input) 1 X X I
Alternative mode (alternative function 1) 0
Alternative mode (alternative function 2) 0 0 1
Alternative mode (alternative function 3) 1 X 0 Vo®
Alternative mode (alternative function 4) ! 1
On-chip debug mode® 1 X X X X I/0
a) In alternative mode, the corresponding port type defines whether a pin is in input mode or output mode.

b) In on-chip debug mode, the corresponding pins are automatically set as input or output pins to provide the
N-Wire interface. In this mode, the configuration of these pins can not be changed by the pin configuration
registers. Refer to chapter “On-Chip Debug Unit” on page 930 for details.
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Chapter 2 Pin Functions
(1) PMCn - Port mode control register
The PMCn register specifies whether the individual pins of port group n are in
port mode or in alternative mode.
For port groups with up to eight ports, this is an 8-bit register. For port groups
with up to 16 ports, this is a 16-bit register.
Access This register can be read/written in 8-bit and 1-bit units.
16-bit registers can also be read/written in 16-bit units.
Address see “Port Type Diagrams” on page 52
Initial Value 00y or 0000y. This register is initialized by any reset.
7 6 5 4 3 2 1 0
PMCn | PMCn7 | PMCn6 | PMCn5 | PMCn4 | PMCn3 | PMCn2 | PMCnt | PMCnO |
R/W R/W R/W R/W R/W R/W R/W R/W
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PMChn PMCn|{PMCn|PMCn|PMCn|{PMCn|{PMCn{PMCn|{PMCn|PMCn|PMCn|PMCn|PMCn|PMCn|PMCn|PMCn|PMCn
1514 13 |12 | 11 ] 10 9 8 7 6 5 4 3 2 1 0
RIW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RW R/W R/W R/W
Table 2-4 PMCn register contents
Bit position | Bit name Function
7t00 PMCn[7:0] | Specifies the operation mode of the corresponding pin
or or 0: Port mode
15100 PMC[15:0] | 1: Alternative mode
Caution When changing the function of a port from port mode (PCMnm = 0) to external
interrupt input (PCMnm = 1) an inadvertent interrupt may occur.
Therefore, it is recommended to follow the below procedure:
1. To select the alternative input function INTPn (1), set PFCE.PFCEnm and
PFC.PFCnm accordingly.
2. Set PMCnm = 1 to change to the alternative mode.
3. Wait until the delay of the noise elimination filter has passed.
4. Set INTnIC.INTnIF = 0 to clear the interrupt request.
5. Clear INTnIC.INTnMK (or clear INTMR.INTnMK) to enable the interrupt.
In step 3 you must wait for a certain time span because the external interrupt
pins are equipped with noise elimination filters. The filters cause a delay in
which the interrupt request flag INTnIC.INTnIF is set. This flag must be
cleared (step 4).
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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.

For port groups with up to eight ports, this is an 8-bit register. For port groups
with up to 16 ports, this is a 16-bit register.

Note If a pin is in alternative mode (PMCn.PMCnm = 1) and the corresponding PMn
bit is set (PMn.PMnm = 1), then the pin behaves as in input port mode:
Reading Pn.Pmn reads the pin status.
Access This register can be read/written in 8-bit and 1-bit units.
16-bit registers can also be read/written in 16-bit units.
Address see “Port Type Diagrams” on page 52
Initial Value FFy or FFFFy. This register is initialized by any reset.
7 6 5 4 3 2 1 0
PMn  PMn7 | PMn6 | PMn5 | PMn4 | PMn3 | PMn2 | PMn1 | PMno |
R/W R/W R/W R/W R/W R/W R/W R/W
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PMn  [pnts[Puini4|Phint3|Phint2[Phint1[Phn10|PMng |PMng [PMn7 |PMng PNn5 [PMnd|PMn3 [Phn2|PMnt [Phnol
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Table 2-5 PMn register contents
Bit position | Bit name Function
7t00 PMn[7:0] | Specifies input/output mode of the corresponding pin
or or 0: Output mode
15100 PMn[15:0] 1: Input mode
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Chapter 2 Pin Functions
(3) PFCn - Port function control register
If a pin is in alternative mode (PMCn.PMCnm = 1) some pins offer up to four
alternative functions.
The PFCn register together with the PFCEn register specifie which function of
a pin is to be used. The corresponding port type defines whether a pin is in
input or output mode.
Access This register can be read/written in 8-bit and 1-bit units.
16-bit registers can also be read/written in 16-bit units.
Address see “Port Type Diagrams” on page 52
Initial Value 00y or 0000y. This register is initialized by any reset.
7 6 5 4 3 2 1 0
PFCn | PFCn7 | PFCn6 | PFCn5 | PFCn4 | PFCn3 | PFCn2 | PFCn1 | PFCnO |
R/W R/W R/W R/W R/W R/W R/W R/W
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PECn PFCn|PFCn|PFCn|PFCn|PFCn|PFCn|PFCn|PFCn|PFCn|PFCn[PFCn|PFCn|PFCn|PFCn|PFCn|PFCn
1514131211109 |8 ]|]7 |6 |5 |4 /|3 ]2]1 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Table 2-6 PFCn register contents
Bit position | Bit name Function
7100 PFCN[7:0] See .“Pin function configuration (overview)” on page 39 for
details
15100 PFCn[15:0] See_ Pin function configuration (overview)” on page 39 for
details
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(4) PFCERN - Port function control expansion register
If a pin is in alternative mode (PMCn.PMCnm = 1) some pins offer up to four
alternative functions.
The PFCERN together with the PFCn register specifies which function of a pin is
to be used. The corresponding port type defines whether a pin is in input or
output mode.
Access This register can be read/written in 8-bit and 1-bit units.
16-bit registers can also be read/written in 16-bit units.
Address see “Port Type Diagrams” on page 52
Initial Value 00y or 0000y. This register is initialized by any reset.
7 6 5 4 3 2 1 0
PFCEn | PFCEn7 | PFCEn6 | PFCENS | PFCEn4 | PFCEN3 | PFCEN2 | PFCEN1 | PFCENO |
R/W R/W R/W R/W R/W R/W R/W R/W
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PFCEn PFCEn|PFCEN|PFCEn|PFCEN|PFCEn|PFCEN|PFCEN|PFCEN|PFCEN|PFCEN|PFCEN|PFCEN|PFCEN|PFCEN|PFCEN|PFCEN
1413 ] 121 10 9 8 7 6 5 4 3 2 1 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Table 2-7 PFCEn register contents
Bit position | Bit name Function
7100 PFCEN[7:0] See P/{? function configuration (overview)” on page 39
for details
1510 0 PFCEN[15:0] fSee Plp function configuration (overview)” on page 39
or details
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Access

Address

Initial Value

OoCcDM

Table 2-8

Note

DRST pull-down
resistor

OCDM - On-chip debug mode register

The 8-bit OCDM register specifies whether dedicated pins of the
microcontroller operate in normal operation mode or can be used for on-chip
debugging (N-Wire interface). The setting of this register concerns only those
pins that can be used for the N-Wire interface: PO5/DRST, P52/DDI, P53/DDO,
P54/DCK, and P55/DMS.

To make these pins available for on-chip debugging, bit OCDM.OCDMO must
be set while pin DRST is high. If the on-chip debug mode is selected, the
corresponding pins are automatically set as input or output pins, respectively.
Setting of bits PMn.PMnm is not necessary.

For more details refer to “On-Chip Debug Unit” on page 930.

Writing to this register is protected by a special sequence of instructions.
Please refer to “CPU System Functions” on page 155 for details.

This register can be read/written in 8-bit and 1-bit units.
The register can only be written if a low level ('0’) is input to the PO5/DRST pin.

FFFF FOFCy

OOH/O1 H-
¢ After Power-On-Clear reset, the normal operation mode is selected
(OCDM.OCDMO = 0).

» After external RESET, the dedicated pins are available for on-chip
debugging (OCDM.OCDMO = 1).
* After any other reset, bit OCDMO holds the same value as before the reset

1 0
| 0 \ 0 \ 0 \ 0 \ 0 \ 0 \ 0 |OCDMO|
RIW

OCDM register contents

Bit position | Bit name Function

Enables/disables N-Wire interface:
0: Pins are used in normal operation mode (port
mode or alternative mode).
DRST pull-down resistor not connected
1: Pins are used in on-chip debug mode.
DRST pull-down resistor connected

0 OCDMO

If the pins PO5/DRST, P52/DDI, P53/DDO, P54/DCK, and P55/DMS are used
as N-Wire interface pins their configuration can not be changed by the pin
configuration registers.

DRST (PO05) is equipped with an internal pull-down resistor. Connection of the
resistor is controlled by OCDM.OCDMO:

0: resistor detached from PO5/DRST
1: resistor attached to PO5/DRST

This ensures that the microcontroller is operating correctly, even if the pins are
in N-Wire mode, but no debugger is connected.
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Chapter 2 Pin Functions
2.2.3 Pin data input/output
If a pin is in port mode, the registers for pin data input/output specify the input
and output data.
(1) Pn - Port register
If a pin is in port mode (PMCn.PMCnm = 0), data is input from or output to an
external device by writing or reading the Pn register.
For port groups with up to eight ports, this is an 8-bit register. For port groups
with up to 16 ports, this is a 16-bit register.
Access This register can be read/written in 8-bit and 1-bit units.
16-bit registers can also be read/written in 16-bit units.
Address see “Port Type Diagrams” on page 52
Initial Value Undefined.
Note After reset, the ports are in input mode (PMn.PMnm = 1). The read input value
is determined by the port pins.
7 6 5 4 3 2 1 0
Pn | Pnz | Pn6 | Pns | Pna | Pn3 | P2 | Pnt | Pno |
R/W R/W R/W R/W R/W R/W R/W R/W
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Pn  [pnts|pni4]Pn13|Pni2|Pntt|Pnto] Pno | Png [ Pn7 | Pns | Pns | Pna | Pn3 | Pn2 | Pat [ Pro |
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Table 2-9 Pn register contents
Bit position | Bit name Function
7100 Pn[7:0] Data, see Table 2-10 on page 45 and Table 2-11 on
or or page 46 for details.
15100 Pn[15:0]
Note The value written to register Pn is retained until a new value is written to
register Pn.

Port mode In port mode (PMCn.PMCnm = 0), register PMn specifies whether a pin is in
input or in output mode. Data is written to or read from the Pn register as
follows:

Table 2-10 Writing/reading register Pn in port mode (PMCn.PMCnm = 0)

Function | Pm | w0

Write to Pn...

...and output contents of Pn to pins 0 o

...without affecting the pin status 1 |

Read from Pn...

...and thus read the pin status 1 |

...and disregard the pin status 0 0]
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Alternative mode

In alternative mode (PMCn.PMCnm = 1), the corresponding port type defines
whether a pin is in input or output mode. However, register PMn influences the
writing/reading of register Pn.

In alternative mode, data is written to or read from the Pn register as follows:

Table 2-11 Writing/reading register Pn in alternative mode (PMCn.PMCnm = 1)
Function PM /0
Write to Pn X _
without affecting the pin status
Read from Pn...
...and read the value of the alternative output function
(for pins in alternative output function) 0
...and disregard the pin status
(for pins in alternative input function)
...and thus read the pin status 1
Caution Although 1-bit operations (read-modify-write operations) on Pn registers are
intended to modify only a single bit, the entire Pn register is read. After the
single bit has been modified, the contents of the complete register is written
back.
If the ports of the register Pn contain both input and output ports Pnm, the
read of Pn returns
¢ the contents of the register Pn for output ports
* the pin status of input ports, but not the Pn register bits
That means the read value of Pn may be different to the contents of the Pn
register at bit positions, which are assigned to input ports.
Thus the contents of Pn may differ to the previous value not just in the bit that
was to be modified, but also in other bits.
Example:
* Register P1 has the contents 00,.
¢ Port P10 is configured as an output port, all other ports of port group 1
(ports P11 to P17) are configured as input ports.
¢ The port pins of ports P11 to P17 all have the level “1”.
* Bit P1.P10 is set to 1 by a 1-bit operation.
Afterwards, register P1 holds the value FF instead of the expected value
01y, since bits P11 to P17 have be overwritten with the corresponding pin
levels “17.
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Chapter 2 Pin Functions
2.2.4 Configuration of pull-up resistors
(1) PUn - Port pull-up resistor option register
The PUn register specifies whether a pull-up resistor is connected to the pin.
Access This register can be read/written in 8-bit and 1-bit units.
16-bit registers can also be read/written in 16-bit units.
Address see “Port Type Diagrams” on page 52
Initial Value 00y or 0000y. This register is cleared by any reset.
7 6 5 4 3 2 1 0
Pun | PUn7 | PUR6 | PUns | PUn4 | PUn3 | PUn2 | PUn1 | PUnO |
R/W R/W R/W R/W R/W R/W R/W R/W
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PUN  [Punts|Puni¢|punts|puni|punti [Punto|PUns PUng[PUn7|PUnG [PUn5 [PUn4 [PUn3 |PUn2 [PUnt [PURO|
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Table 2-12 PUn register contents
Bit position | Bit name Function
7100 PUN[7:0] Shpecmes whether a_pyll-up resistor is connected to
or or t e'correspondmg.pln.
1510 0 PUN[15:0] 0: no pull-up re3|stor connected
1: pull-up resistor connected
Caution In Port mode, (PMCnm bit = 0), the PUnm bit of the PUn register is valid only
when PMnm bit of PMn register is 1 (input mode). If PMnm bit = 0 (output
mode), the setting value of PUn register is invalid (pull-up resistor is detached).
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2.2.5 Open drain configuration
(1) PFn - Port function register
If a pin is in alternative mode (PMCn.PMCnm = 1), the PFn register specifies
normal output or open-drain output.
For port groups with up to eight ports, this is an 8-bit register. For port groups
with up to 16 ports, this is a 16-bit register.
Note The settings of PFn are only valid in alternative mode.
Access This register can be read/written in 8-bit and 1-bit units.
16-bit registers can also be read/written in 16-bit units.
Address see “Port Type Diagrams” on page 52
Initial Value 0OFy or 0000y. This register is initialized by any reset.
7 6 5 4 3 2 1 0
PFn | PFn7 | PFn6 | PFns | PFn4 | PFn3 | PFn2 | PFn1 | PFno |
R/W R/W R/W R/W R/W R/W R/W R/W
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PFn  [Prats|PFni4|PFn13|PFai2|PFntt [PFato|PFng |PFng [PFn7 |PFng | PFn5 |PFna [PFn3|PFn2 |PFnt [PFno
RIW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Table 2-13 PFn register contents
Bit position | Bit name Function
7t00 PFn[7:0] | Specifies normal output or open-drain output
or or 0: Normal output
15t0 0 PFn[15:0] 1: Open-drain output
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2.3 Port Buffers Diagrams

This chapter presents the block diagrams of all buffer types.

The tables in “Port group configuration lists” on page 99 informs also about the
buffer type, used for each port.

(1) Buffer type 2

Figure 2-3 Block diagram: buffer type 2

(2) Buffertype5

VDD

data 4[)0—{ P-ch
output . ﬁ>®—| ~—N-ch
disable
input enable

Figure 2-4 Block diagram: buffer type 5

»—O IN/OUT

(3) Buffer type 5-AF

Voo
pullup
Voo
data —1{ o—|[=P-ch
INJOUT
output N-ch
disable
input enable
[ N-ch
pulldown
enable
Figure 2-5 Block diagram: buffer type 5-AF
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(4) Buffer type 5-K

VDD

data P-ch

E h
output % ﬁ X )—{ ——N-ch
disable

y——O INJOUT

(I
input

enable

Figure 2-6 Block diagram: buffer type 5-K

(5) Buffer type 5-W

pullup

enable DC }

Voo

data ——— 4

P-ch

output % é X){ —-<—N-ch
disable

(7]

input
enable

Figure 2-7 Block diagram: buffer type 5-W

Vop

P-ch

—C INJOUT
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(6) Buffer type 11-G

AVoo

—O INJOUT

output - N
disable N-ch

T -
VREF T—\I;

(Aby2af— L FEE) AVSS

Figure 2-8 Block diagram: buffer type 11-G
(7) Buffer type 16

feedback cut-off

|

P-ch
p
O
XT1 X12
Figure 2-9 Block diagram: buffer type 16
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Chapter 2
2.4 Port Type Diagrams
This chapter presents the block diagrams of all port types.
The tables in the detailed descriptions of each port group from “Port group 0”
on page 114 onwards informs also about the port type, used for each port.
2.41 PorttypeC
WRpm
M e (a) Output buffer control
" WRporT
é Pmn Pmn
O 5 5
\J 2 8
3 =
Address : (b) Input buffer control
RD
Figure 2-10 Port type C block diagram
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2.4.2 Porttype C-U

EVDD

WRey

MO mm
PUmn
(c) Pull-up control —| Pch

WRpm
5 N\, mn (a) Output buffer control
g WReporT
£
Pmn Pmn
N
D 5
h \_i
Address >
_ (b) Input buffer control
RD
Figure 2-11 Port type C-U block diagram
2.4.3 Porttype DO
WRpmc
N\
>
WRpm
an (a) Output buffer control
> >
(
g o *
o
- A
S 1st alternate function »
2| WReorr )
= (d) Output data Selection Pmn
Pmn
B
—D 3
/\/ g
Address

AAA 4

(b) Input buffer control

Figure 2-12 Port type DO block diagram
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2.4.4 Porttype DO-U

EVDD

WRey

MO am ]
PUmn
(c) Pull-up control 4' Pch

WRemc

&, ] r
WRpMm
N ) i A (N

(a) Output buffer control —‘

PMmn

Internal bus

A 4

* \ 4
1st alternate function

WR
_£i>|: (d) Output data Selection _[>_._._© Prin

Pmn

A

D
Selector

Address

(b) Input buffer control

AA A4

RD

Figure 2-13 Port type D0-U block diagram

2.4.5 Porttype D1

WRewmc
M\
—
WRpm
_ (a) Output buffer control
o PMmn 4
>
2 WRporT
©
c
£ Pmn @ Pmn
’;
— 5
/'\/ g
Address >
@ > (b) Input buffer control
RD »  (e) Alternate function input J

1st alternate fUNCtion «— control

Figure 2-14 Port type D1 block diagram
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2.4.6 Porttype D1-U

EVDD

WRepy

4
3 |
(c) Pull-up control Pch

WRemc

5 r
WRpm
S ————

WRpoRrT

(a) Output buffer control

Internal bus

Pmn Pmn

h
D
Selector

Address <
._t' (b) Input buffer control
RD (e) Alternate function input

1st alternate function «——————— control

Figure 2-15 Port type D1-U block diagram

Note For VB50ES/FKS products the ADTRG1 input features an analog noise
rejection filter.
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2.4.7 Port type D1-Ul

EVDD
WRpy
Y
— '
(c) Pull-up control 4' Pch
WRinTR r
1 INTRmn
WRinTF
INTFmn
WRpmc
Qo
§' PMCmn
g WRpm [
= | (a) Output buffer control | ———@
1 PMmn . 4
WReporT
Pmn >0 rm

2

Address

.—E' (b) Input buffer control

RD I
A . (e) Alternate function input

Edge Noise |

control

1st alternate function ==

detector remov al

Figure 2-16 Port type D1-Ul block diagram
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2.4.8 Port type D3-UI
EVDD
WRpu
M ]
- PU
N mn (c) Pull-up control 4' Pch
WRinTR r
WRIinTF
INTFmn
WRpmc
e B
el
§ 1 PMCmn
o WRpw [
= | (a) Output buffer control | ———@
1 PMmn . 4
WRepogrT
Pmn 'l>—’—.—© Pmn
P N

(b) Input buffer control

RD ,I

1st alternate function ==
(INTPx)

detector

Edge Noise

remov al

(e) Alternate function input

k= O————— control

1st alternate function
(RXDDy)

Figure 2-17 Port type D3-Ul block diagram
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2.4.9 Porttype D1A
WRemc
M—
WRem
. % (a) Output buffer control
§ WRporT
é Pmn 1L~ ._© Pmn
oIt
h \_i E
Address N
N (b) Input buffer control |
RD L
Pch
1st alternate function 4—@7
Nch
T
Figure 2-18 Port type D1A block diagram
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2.4.10 Porttype D101-Ul

EVDD
WRpy
N\
—
(c) Pull-up control 4' Pch
WRinTR '|_‘
INTRmn
WRintF
INTFmn
WRocom
g 1 OCDMO
- WRpmc
©
c
£
WRpm ¢ >
@——>  (a) Output buffer control @
1 PMmn 4
WRporT
Pmn |'>—.—’—.—© Pmn
< N

2

Address _
’. l (b) Input buffer control
RD [[ P! (e) Alternate function input
e) Alternate function inpu
1t alt te fundti Edge Noise control
st alternate fUNCHION «m— j— <
detector remov al
On-chip deb
~DRST signal <= (f)in:utcclsntrol N
(On-chip debug mode) POCRES (g) Pull-down control —.—' Nch

Figure 2-19 Port type D101-Ul block diagram
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2.4.11 Port type D2
Output enable signal 1
WReue in alternative mode
Y
3
WRpwm
] ’ »1  (a) Output buffer control
1 PMmn lT
2 (2
3
: '
c 1st alternate function £
g WReporT -
£ (d) Output data Selection Pmn
1 Pmn
s
o [4R ‘g P =
aV. o} %
0 g 8
[0}
0N le
Address >
@ (b) Input buffer control
RD Input enable signal 1 >

in alternative Mode  m——" (e) Alternate function input

1st alternate fuNCtion «—

control

Figure 2-20 Port type D2 block diagram
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2.4.12 Port type EO1-U
EVDD
WRey
(M= m ]
- PU
N/ mn (c) Pull-up control 4' Pch
WReprc r
WRpmc
PMCmn
WRpm .
E *.—P (a) Output buffer control ——
o9 PMmn 4
g
g
S 2
|
1st alternate function >
WRporT )
(d) Outputt data Selection —[>—Q—Q—© Pmn
Pmn
A
P [4R 3 le
f\/ $
Address >
‘._E' (b) Input buffer control
RD : (e) Alternate function input
2nd alternate function « control
Figure 2-21 Port type E01-U block diagram
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Figure 2-22 Port type E10-U block diagram

Chapter 2
2.4.13 Port type E10-U
EVDD
WRey
4
—
(c) Pull-up control 4' Pch
WReprc r
WRpmc
PMCmn
WRpm -
E ?.—? (a) Output buffer control ~ |———@
o PMmn . 4
®©
c
a l
£ @
|
2nd alternate function >
WRpoRrT .
(d) Output data Selection —D—.—.—@ Pmn
Pmn
A
P [4R S le
aV. g
Address <
" > (b) Input buffer control
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Chapter 2 Pin Functions
2.4.14 Port type E10-Ul
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WRpu
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Figure 2-23 Port type E10-Ul block diagram
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Chapter 2 Pin Functions

2.4.15 Porttype E11-U

EVDD
WRey
(MO rom
-/ PUmn (c) Pull-up control 4' Pch
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‘ (b) Input buffer control
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»| (e)Alternate function input
1st alternate function < control
2nd alternate function
Figure 2-24 Port type E11-U block diagram
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Chapter 2 Pin Functions

2.4.16 Port type E11-Ul
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Figure 2-25 Port type E11-Ul block diagram
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Chapter 2 Pin Functions

2.4.17 Port type E21-U

EVDD
WRey
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[ (b) Input buffer control
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»| (e) Alternate function input
1st alternate function < control
2nd alternate function
Figure 2-26 Port type E21-U block diagram
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Pin Functions

Chapter 2
2.4.18 Port type Ex0-U
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Figure 2-27 Port type Ex0-U block diagram
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Chapter 2

Pin Functions

2.4.19 Port type Ex1-U

EVDD
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(c) Pull-up control Pch
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WRemc
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>
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Figure 2-28 Port type Ex1-U block diagram
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Chapter 2 Pin Functions

2.4.20 Port type Ex1-Ul
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Figure 2-29 Port type Ex1-Ul block diagram
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Pin Functions

Chapter 2
2.4.21 Port type Ex2-U
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Figure 2-30 Port type Ex2-U block diagram
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Pin Functions

Chapter 2
2.4.22 Porttype FO10x-U
EVDD
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WCE = (c) Pull-up control 4| Pch
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Figure 2-31 Port type FO10x-U block diagram
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Chapter 2 Pin Functions
2.4.23 Port type FO10x-Ul
EVDD
WRpy
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N\ PUmn (c) Pull-up control 4' Pch
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Figure 2-32 Port type F010x-Ul block diagram
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Pin Functions

Chapter 2
2.4.24 Port type F100x-U
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WRpy
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WCE = (c) Pull-up control 4| Pch
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Figure 2-33 Port type F100x-U block diagram
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Chapter 2 Pin Functions

2.4.25 Porttype F1010-U
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».| (e)Alternate function input
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3rd alternate function <
Figure 2-34 Port type F1010-U block diagram
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Chapter 2 Pin Functions

2.4.26 Porttype F101x-U
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3rd alternate function

Figure 2-35 Port type F101x-U block diagram
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Pin Functions

Chapter 2
2.4.27 Port type F110000-U
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Figure 2-36 Port type F110000-U block diagram
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Pin Functions

Chapter 2
2.4.28 Port type F110001-U
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(d) Output data Selection

—T>o(Orm

Selector
A
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Figure 2-37 Port type F110001-U block diagram
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Pin Functions

Chapter 2
2.4.29 Porttype F1100-U
EVDD
WRey
MO om ]
PU
-/ mn (c) Pull-up control 4' Pch
WRprce ’_’
PFCEmn
WRprc
PFCmn
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».| (e) 1st alternate function input
1st alternate function < control
2nd alternate function <
Figure 2-38 Port type F1100-U block diagram
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Chapter 2 Pin Functions

2.4.30 Porttype F1110-Ul
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Figure 2-39 Port type F1110-Ul block diagram
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Chapter 2 Pin Functions

2.4.31 Port type F113x-Ul
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Figure 2-40 Port type F113x-Ul block diagram
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(a) Output buffer control
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[ 2
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5
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n
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Edge Noise
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Figure 2-41

Port type F1x10-Ul block diagram

Chapter 2 Pin Functions
2.4.32 Port type F1x10-Ul
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—hl Selector

Address

(b) Input buffer control

T
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1st alternate function <=

(INTPx) detector remov al

1st alternate function <
(RXDDy)
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(e) Alternate function input

control

Figure 2-42 Port type F1x1x-Ul block diagram

Chapter 2 Pin Functions
2.4.33 Port type F3x1x-Ul
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Pin Functions

Chapter 2
2.4.34 Port type F1xx001-U
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Figure 2-43 Port type F1xx001-U block diagram
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Pin Functions

Chapter 2
2.4.35 Port type Fx010-U
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Figure 2-44 Port type Fx010-U block diagram
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Pin Functions

Chapter 2
2.4.36 Port type Fx01x-U
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Figure 2-45 Port type Fx01x-U block diagram
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Chapter 2 Pin Functions

2.4.37 Port type Fx103-Ul
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Figure 2-46 Port type Fx103-Ul block diagram
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Pin Functions

Chapter 2
2.4.38 Port type Fx10x-U
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Figure 2-47 Port type Fx10x-U block diagram
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1 of

(a) Output buffer control
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Figure 2-48 Port type Fx10x-Ul block diagram

Chapter 2 Pin Functions
2.4.39 Port type Fx10x-Ul
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Chapter 2 Pin Functions

2.4.40 Porttype Fx110-U
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Figure 2-49 Port type Fx110-U block diagram
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Chapter 2

Pin Functions

2.4.41 Port type Fx120-UFI
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Figure 2-50 Port type Fx120-UFI block diagram
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Chapter 2 Pin Functions
2.4.42 Port type Fx123-UFI
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Figure 2-51

Port type Fx123-UFI block diagram
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Chapter 2 Pin Functions

2.4.43 Port type Fx12x-UFI
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Figure 2-52 Port type Fx12x-UFI block diagram
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Pin Functions

Chapter 2
2.4.44 Port type Fx13x-U
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Figure 2-53 Port type Fx13x-U block diagram
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Chapter 2 Pin Functions

2.4.45 Porttype Fx210-U
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Figure 2-54 Port type Fx210-U block diagram
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Internal bus

1 PMCmn [

2.4.46 Port type Fx2x0-U
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2.4.47 Port type Fxx10-U
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Figure 2-56 Port type Fxx10-U block diagram
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2.4.48 Port type Fxx1x-U
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Figure 2-57 Port type Fxx1x-U block diagram
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2.4.49 Porttype Fxx2x-U
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Figure 2-58 Port type Fxx2x-U block diagram
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2.5 Port Group Configuration

This section provides an overview of the port groups (Table 2-14) and of the

pin functions (Table 2-14 on page 99). In Table 2-55 on page 148 it is listed
how the pin functions change if the microcontroller is reset.

In the subsections, for every port group the settings of the configuration
registers is listed. Further, the addresses and initial values of the configuration
registers are given. See “Port group 0” on page 114 to “Port group DL’ on

page 142.

2.5.1

Port group configuration lists

Table 2-14 and Table 2-15 provide overviews of the functions available at each

port pin.

Table 2-14 V850ES/FE3, V850ES/FF3, VB50ES/FG3 port group list (1/3)

::::egroup :::e Alternative outputs | Alternative inputs R:f;er
P00 TOAA31 TIAA31 5-W

PO1 TOAA30 TIAA30 5-w

P02 TOAA40 NMI/TIAA40 5-W

0 P03 TOAA41 INTPO/TIAA41/ADTRG 5-W
P04 - INTP1/CRXDO 5-w

P05 - INTP2/DRST 5-AF

P06 CTXDO INTP3 5-W

ja P10 - INTP9 5-w
P11 - INTP10 5-W

P30 TXDDO - 5-W

P31 - RXDDO/INTP7 5-w

P32 TOAAO00/TOAAO01 ASCKDO/TIAAQ0OQ 5-W

P33 TOAAO01/CTXDO TIAAO1 5-W

P34 TOAA10 TIAA10/CRXDO 5-W

° P35 TOAA11 TIAA11 5-W
P36 CTXD1 - 5-W

p372@ - CRXD1 5-W

P3g8® | TXDD2?2 - 5-W

P39® |- RXDD2%/INTP8?2 5-W

P40 - SIBO/KRO/ 5.W

RXDD3%INTP14°
4 P41 SOB0/TXDD3¢ KR1 5-W
P42 SCKBO SCKBO0/KR2 5-w
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Table 2-14 V850ES/FE3, V850ES/FF3, VB50ES/FG3 port group list (2/3)

::::group :::e Alternative outputs | Alternative inputs tByl;f;er
P50 TOABO1/TOABOT1 | KRO/TIABO1 5-W
P51 TOABO02/TOABOB1 | KR1/TIABO2 5-W
P52 TOABO3/TOABOT2 | KR2/TIABO3/DDI 5-W
S P53 TOABOO/TOABOB2/ | KR3/TIABOO
DDO SW
P54 TOABOT3 KR4/DCK 5-W
P55 TOABOB3 KR5/DMS 5-W
P70 - ANIO 11-G
P71 - ANI1 11-G
P72 - ANI2 11-G
P73 - ANI3 11-G
P74 - ANI4 11-G
P75 - ANI5 11-G
P76 - ANI6 11-G
P77 - ANI7 11-G
! P78 - ANI8 11-G
P79 - ANI9 11-G
P710° |- ANI10 11-G
P711 |- ANI11 11-G
P7122 |- ANI12 11-G
P7132 |- ANI13 11-G
P7142 |- ANI14 11-G
P7152 |- ANI15 11-G
P90 TXDD1 KR6 5-W
P91 - KR7/RXDD1 5-W
P922 TOAB11 TIAB11 5-W
P932 TOAB12 TIAB12 5-W
P942 TOAB13 TIAB13 5-W
P952 TOAB10 TIAB10 5-W
P96 TOAA21 TIAA21 5-W
P97 TOAA20 SIB1/TIAA20 5-W
° P98 SOB1/TOAB03 TIABO3 5-W
P99 SCKB1/TOABOO SCKB1/TIABOO 5-W
P9102 |- - 5-W
P9112 |- - 5-W
P9122 |- - 5-W
P913 | PCL INTP4 5-W
P914 | SDA0O SDAOO/INTP5/RXDD4® 5-W
P915 | SCLOO/TXDD4® SCLOO/INTP6 5-W
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Table 2-14 V850ES/FE3, V850ES/FF3, VB50ES/FG3 port group list (3/3)

RAUCIEND ) [T Alternative outputs | Alternative inputs LS
name name type
PCMO |- - 5
PCM1 | CLKOUT - 5
CM
PCM2° | — - 5
PCM3° |- - 5
b PCSO |- - 5
Cs
PCS1 |- - 5
PCTO |- - 5
N PCT1 |- - 5
CT
PCT4 |- - 5
PCT6 |- - 5
PDLO |- - 5-K
PDL1 |- - 5-K
PDL2 |- - 5-K
PDL3 |- - 5-K
PDL4 |- - 5-K
PDL5 |- FLMD1 5-K
PDL6 |- - 5-K
DL
PDL7 |- - 5-K
PDL8? |- - 5-K
PDLO® |- - 5-K
PDL10P |- - 5-K
PDL11° | - - 5-K
PDL122 | - - 5-K
PDL132 | — - 5-K
a)  V850ES/FG3 only
b)  VB850ES/FF3, VB50ES/FG3 only
©  uPD70F3376A, uPD70F3377A of V850ES/FG3 only
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Table 2-15 V850ES/FJ3, VB850ES/FK3 port group list (1/4)

:::rtlegroup :::e Alternative outputs | Alternative inputs tByl;f;er
P00 TOAA31 TIAA31 5-W
PO1 TOAA30 TIAA30 5-W
P02 TOAA40 NMI/TIAA40 5-W
0 P03 TOAAA41 INTPO/TIAA41/ADTRG 5-W
P04 - INTP1/CRXDO 5-W
P05 - INTP2/DRST 5-AF
P06 CTXDO INTP3 5-W
P10 - INTP9 5-W
1 P11 - INTP10 5-W
P20 - ANI100 11-G
P21 - ANI101 11-G
P22 - ANI102 11-G
P23 - ANI103 11-G
P24 - ANI104 11-G
P25 - ANI105 11-G
P26 - ANI106 11-G
pa P27 - ANI107 11-G
P28 - ANI108 11-G
P29 - ANI109 11-G
P210 |- ANI110 11-G
P211 - ANIT11 11-G
P212 |- ANI112 11-G
P213 |- ANI113 11-G
P214 |- ANI114 11-G
P215 |- ANI115 11-G
P30 TXDDO - 5-W
P31 - RXDDO/INTP7 5-W
P32 TOAAOO/TOAAOT ASCKDO/TIAA0O 5-W
P33 TOAA01/CTXDO TIAAO1 5-W
P34 TOAA10 TIAA10/CRXDO 5-W
° P35 TOAA11 TIAA11 5-W
P36 CTXD1 - 5-W
P37 - CRXDT1 5-W
P38 TXDD2 - 5-W
P39 - RXDD2/INTP8 5-W
P40 - SIBO/KRO/
RXDD3Y/INTP14P SW
4 P41 SOBO/TXDD3P KR1 5-W
P42 SCKBO SCKBO/KR2 5-W
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Table 2-15 V850ES/FJ3, VB50ES/FK3 port group list (2/4)

::::Sroup :::e Alternative outputs | Alternative inputs tByl:;er
P50 TOABO1/TOABOTA1 KRO/TIABO1 5-w
P51 TOABO02/TOABOB1 KR1/TIAB02 5-w
P52 TOABO3/TOABOT2 KR2/TIAB0O3/DDI 5-W

5 P53 TOABOO/TOABOB2/ | KR3/TIABOO
DDO W
P54 TOABOT3 KR4/DCK 5-w
P55 TOABOB3 KR5/DMS 5-W
P60 - INTP11 5-w
P61 - INTP12 5-w
P62 SOB3°/TXDD6? INTP13 5-W

_ c a
P63 ﬁ\: _lB_I; 1/2{3(DD6 / 5.W
P64 SCKB3° SCKB3° 5-W
P65 CTXD2 - 5-W
P66 - CRXD2 5-W
6 P67 CTXD3P - 5-W
P68 - CRXD3P 5-W
P69 - ADTRG12 5-w
P610 TOAB20 TIAB20 5-W
P611 TOAB21 TIAB21 5-W
P612 TOAB22 TIAB22 5-w
P613 TOAB23 TIAB23 5-W
P614 TXDD72 - 5-W
P615 - RXDD7%INTP152 5-w
P70 - ANIO 11-G
P71 - ANI1 11-G
P72 - ANI2 11-G
P73 - ANI3 11-G
P74 - ANI4 11-G
P75 - ANI5 11-G
P76 - ANI6 11-G
P77 - ANI7 11-G
! P78 - ANI8 11-G
P79 - ANI9 11-G
P710 - ANI10 11-G
P711 - ANI11 11-G
P712 - ANI12 11-G
P713 - ANI13 11-G
P714 - ANI14 11-G
P715 - ANI15 11-G
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Table 2-15 V850ES/FJ3, VB50ES/FK3 port group list (3/4)

::::group :::e Alternative outputs | Alternative inputs tByl:;er
P80 - RXDD3YINTP14 5-W
8 P81 TXDD3P - 5-W
P90 TXDD1 KR6 5-W
P91 - KR7/RXDD1 5-W
P92 TOAB11 TIAB11 5-W
P93 TOAB12 TIAB12 5-W
P94 TOAB13 TIAB13 5-W
P95 TOAB10 TIAB10 5-W
P96 TOAA21 TIAA21 5-W
P97 TOAA20 SIB1/TIAA20 5-W
° P98 SOB1/TOAB03 TIABO3 5-W
P99 SCKB1/TOAB0O SCKB1/TIABOO 5-W
P910 | CTXD2 SIB2 5-W
P911 SOB2 CRXD2 5-W
P912 | SCKB2/TXDD5P SCKB2 5-W
P913 | PCL INTP4/RXDD5P 5-W
P914 | SDA0O SDAOO/INTP5/RXDD4° 5-W
P915 | SCLOO/TXDD4P SCLOO/INTP6 5-W
P120 |- ANI16 11-G
P121 - ANI17 11-G
P122 |- ANI18 11-G
P123 |- ANI19 11-G
12 P124 |- ANI20 11-G
P125 |- ANI21 11-G
P126 |- ANI22 11-G
P127 |- ANI23 11-G
P150 | TOAA50 TIAA50 5-W
P151 TOAA51 TIAA51 5-W
P152 | TOAA60 TIAA60 5-W
158 P153 | TOAA6T TIAAG1 5-W
P154 | TOAA70 TIAA70 5-W
P155 | TOAAT71 TIAA71 5-W
P156 | CTXD4 - 5-W
P157 |- CRXD4 5-W
PCDO |- - 5
- PCD1 |- - 5
PCD2 |- - 5
PCD3 |- - 5
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Table 2-15 V850ES/FJ3, VB50ES/FK3 port group list (4/4)

::::Sroup :::e Alternative outputs | Alternative inputs tByl:;er
PCMO |- WAIT 5
PCM1 CLKOUT - 5
oM PCM2 HLDAK —— 5
PCM3 - HLDRQ 5
PCM4 - - 5
PCM5 - - 5
PCSO | CSO - 5
PCS1 |CS1 - 5
PCS2 |CS2 - 5
cs PCS3 |CS3 - 5
PCS4 |- - 5
PCS5 |- - 5
PCS6 |- - 5
PCS7 |- - 5
PCTO | WRO - 5
PCTH WR1 - 5
PCT2 - - 5
oT PCT3 —_ - 5
PCT4 D - 5
PCT5 - - 5
PCT6 ASTB - 5
PCT7 - - 5
PDLO ADO ADO 5-K
PDLA1 AD1 AD1 5-K
PDL2 AD2 AD2 5-K
PDL3 AD3 AD3 5-K
PDL4 AD4 AD4 5-K
PDL5 AD5 AD5/FLMDA1 5-K
PDL6 AD6 AD6 5-K
PDL7 AD7 AD7 5-K
bt PDL8 AD8 AD8 5-K
PDL9 AD9 AD9 5-K
PDL10 | AD10 AD10 5-K
PDL11 | AD11 AD11 5-K
PDL12 | AD12 AD12 5-K
PDL13 | AD13 AD13 5-K
PDL14 | AD14 AD14 5-K
PDL15 | AD15 AD15 5-K

a  V850ES/FK3 only

b)  not available with yPD70F3378 of V850ES/FJ3
© ot available with yPD70F3378, uPD70F3379, upPD70F3380 of V850ES/FJ3
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2.5.2 Alphabetic pin function list

Table 2-16 provides a list of all pin function names in alphabetic order.

The table does not list differences between the various devices of the VB50ES/
Fx3. These are listed in Table 2-14 on page 99 and Table 2-15 on page 102.

Table 2-16 Alphabetic pin functions list (1/7)

Pin name | I/O | Pin function Port Pin number
FE3 | FF3 | FG3 | FJ3 | FK3
ADO I/O | External memory interface address/data lines PDLO - - - | 105 | 116
AD1 PDL1 - - - | 106 | 117
AD2 PDL2 - - - 107 | 118
AD3 PDL3 - - - 108 | 119
AD4 PDL4 | - - - | 109 | 120
AD5 PDL5 - - - 110 | 121
AD6 PDL6 - - - 111 122
AD7 PDL7 | - - - | 112|123
AD8 PDL8 - - - 113 | 129
AD9 PDL9 - - - 114 | 130
AD10 PDL10| - - - | 115 ] 131
AD11 PDL11 - - - 116 | 132
AD12 PDL12 | - - - 117 | 133
AD13 PDL13| - - - | 118 | 134
AD14 PDL14 | - - - 119 | 135
AD15 PDL15| - - - 120 | 136
ADTRG I | A/D Converter 0 external trigger input P03 15 6 18 | 18 | 19
ADTRG1 I | A/D Converter 1 external trigger input P69 - - - - 71
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Table 2-16 Alphabetic pin functions list (2/7)

Pin number
Pin name | /0O | Pin function Port G IERIIEE
ANIO I | A/D Converter 0 input 0 to 23 P70 64 | 80 | 100 | 144 | 176
AN P71 63 | 79 | 99 | 143 | 175
ANI2 P72 62 78 98 | 142 | 174
ANI3 P73 61 | 77 | 97 | 141 | 173
ANI4 P74 60 | 76 | 96 | 140 | 172
ANI5 P75 59 | 75 | 95 | 139 | 171
ANI6 P76 58 | 74 | 94 | 138 | 170
ANI7 P77 57 | 73 | 93 | 137 | 169
ANI8 P78 56 | 72 | 92 | 136 | 168
ANI9 P79 55 | 71 | 91 | 135 | 167
ANI10 P710 - 70 | 90 | 134 | 166
ANI11 P711 - 69 | 89 | 133 | 165
ANI12 P712 - - 88 | 132 | 164
ANI13 P713 - - 87 | 131 | 163
ANI14 P714 - - 86 | 130 | 162
ANI15 P715 - - 85 | 129 | 161
ANI16 P120 - - - | 128 | 160
ANI17 P121 - - - 127 | 159
ANI18 P122 - - - | 126 | 158
ANI19 P123 - - - | 125 | 157
ANI20 P124 - - - 124 | 156
ANI21 P125 - - - | 123 | 155
ANI22 P126 - - - | 122 | 154
ANI23 P127 - - - 121 | 153
ANI100 I | A/D Converter 1 input 0 to 15 P20 - - - - 44
ANI101 P21 - - - - 43
ANI102 P22 - - - - 42
ANI103 P23 - - - - 41
ANI104 P24 - - - - 40
ANI105 P25 - - - - 39
ANI106 P26 - - - - 38
ANI107 P27 - - - - 37
ANI108 P28 - - - - 36
ANI109 P29 - - - - 35
ANI110 P210 - - - - 34
ANI111 P211 - - - - 33
ANI112 P212 - - - - 32
ANI113 P213 - - - - 31
ANI114 P214 - - - - 30
ANI115 P215 - - - - 29
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Table 2-16 Alphabetic pin functions list (3/7)

Pin name | /0O | Pin function Port Pin number
FE3 | FF3 | FG3 | FJ3 | FK3
ASCKDO I | UARTDO baud rate clock input P32 24 | 24 | 27 | 27 | 48
ASTB O | External memory interface address strobe PCT6 - - — | 101 | 143
AVREFO — | A/D Converter 0 reference voltage input - 1 1 1 1 1
AVREF1 — | A/D Converter 1 reference voltage input - - - - - 45
AVSS — | A/D Converter 0 ground - 2 2 2 2 2
AVSSAH — | A/D Converter 1 ground - - - - - 46
BVDD — | I/O buffer supply voltage - - - 70 | 104 | 128
BVSS — | I/O buffer supply ground - - - 69 | 103 | 127
CLKOUT O | CPU system clock output PCM1 | 46 | 50 | 62 | 86 | 111
CRXDO | | CANO to CAN4 receive data P04 16 7 19 | 19| 20
P34 26 | 26 | 29 | 29 | 50
CRXD1 P37 - - 32 | 32 | 53
CRXD2 P66 - - - | 49| 68
P911 72 | 93
CRXD3 P68 - - - 51 | 70
CRXD4 P157 - - - - | 105
CSo O | External memory interface chip select signals PCSO | - - - 81 | 106
cst PCS1| - | - | - | 82| 107
CS2 PCS2| - | - | — | 83| 108
Cs3 PCS3| - | - | - | 84| 109
CTXDO O | CANO to CAN4 transmit data P06 18 | 18 | 21 21 22
P33 25 | 25 | 28 | 28 | 49
CTXD1 P36 - - 31 | 31| 52
CTXD2 P65 - - - | 48 | 67
P910 71 | 92
CTXD3 P67 - - - 50 | 69
CTXD4 P156 | — | - | - | - |104
DCK I | N-Wire interface clock P54 34 | 36 | 41 41 60
DDI I | N-Wire interface debug data input P52 30 | 34| 39 | 39 | 58
DDO O | N-Wire interface debug data output P53 31 35 | 40 | 40 | 59
DMS I | N-Wire interface debug mode select input P55 35 | 37 | 42 | 42 | 61
DRST | | N-Wire debug interface reset PO5 | 17 | 17 | 20 | 20 | 21
EVDD — | Port buffer supply voltage - 33 | 31 5, 5, 5,
34 | 34, | 47,
77
EVSS — | Port buffer supply voltage - 32 | 30 | 33 | 33 | 28,
76
FLMDO — | Flash programming mode setting pin - 3 8 8 8 8
FLMDA1 I Flash programming mode setting pin PDL5 | 52 | 62 | 76 | 110 | 121
HLDAK O | Bus hold acknowledge output PCM2 | - - - 87 | 112
HLDRQ | | Bus hold request input PCM3 | - - - 88 | 113
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Table 2-16 Alphabetic pin functions list (4/7)

Pin name | /0O | Pin function Port Pin number
FE3 | FF3 | FG3 | FJ3 | FK3
INTPO | | External interrupts INTPO - INTP15 P03 15 6 18 | 18 | 19
INTP1 P04 16 7 19 19 | 20
INTP2 P05 17 17 | 20 | 20 | 21
INTP3 P06 18 | 18 | 21 | 21 | 22
INTP4 P913 | 42 | 44 | 56 | 74 | 95
INTP5 P914 | 43 | 45 | 57 | 75 | 96
INTP6 P915 | 44 | 46 | 58 | 76 | 97
INTP7 P31 23 | 23| 26 | 26 | 27
INTP8 P39 - - 36 | 36 | 55
INTP9 P10 - -
INTP10 P11 - -
INTP11 P60 - - - 43 | 62
INTP12 P61 - - - 44 | 63
INTP13 P62 - - - 45 | 64
P63 - 65
INTP14 P40 - - 22 | 22| 23
P80 - 59 | 80
INTP15 P615 - - - - 79
KRO | | Key interrupt KRO - KR7 P40 19 | 19 | 22 | 22 | 23
P50 28 | 32 | 37 | 37 | 56
KR1 P41 20| 20 | 23 | 23 | 24
P51 29 | 33 | 38 | 38 | 57
KR2 P42 21 | 21| 24 | 24 | 25
P52 30 | 34| 39| 39| 58
KR3 P53 31 | 35| 40 | 40 | 59
KR4 P54 34| 36 | 41| 41| 60
KR5 P55 35 | 37 | 42 | 42 61
KR6 P90 36 | 38 | 43 | 61 | 82
KR7 P91 37 | 39 | 44 | 62 | 83
NMI I | Non-maskable interrupt P02 14 5 17 | 17 | 18
PCL O | Programmable clock output PO13 | 42 | 44 | 56 | 74 | 95
RD O | External memory interface read strobe PCT4 | - - - 99 | 141
REGC — | External voltage regulator capacitor connection - 5 10 | 10 | 10 | 10
REGCH1 — | External voltage regulator capacitor connection - - - - - | 125
RESET | | Reset input - 9 | 14| 14| 14| 14
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Table 2-16 Alphabetic pin functions list (5/7)

Pin name | /0O | Pin function Port Pin number
FE3 | FF3 | FG3 | FJ3 | FK3

RXDDO | | UARTDO-7 receive data P31 23 | 23| 26 | 26 | 27
RXDD1 P91 37 | 39 | 44 | 62 | 83
RXDD2 P39 - - 36 | 36 | 55
RXDD3 P40 - - 22 | 22| 23

P80 - 59 | 80
RXDD4 P914 - - 57 | 75 | 96
RXDD5 P913 - - - 74 | 95
RXDD6 P63 - - - - 65
RXDD7 P615 - - - - 79
SCKBO I/0 | Clocked Serial Interface 0-3 clock lines P42 21 21 24 | 24| 25
SCKB1 P99 41 | 43 | 52 | 70 | 91
SCKB2 P912 - - - 73 | 94
SCKB3 P64 - - - 47 | 66
SCL0O /0 | 12CO clock line P915 | 44 | 46 | 58 | 76 | 97
SDAO00 /0 | 12CO0 data line P914 | 43 | 45 | 57 | 75 | 96
SIBO | | Clocked Serial Interface 0-3 data input P40 19 | 19| 22 | 22 | 23
SIB1 P97 39 | 41| 50 | 68 | 89
SiB2 P910 - - - 71 92
SIB3 P63 - - - 46 | 65
SOBO O | Clocked Serial Interface 0-3 data output P41 20| 20 | 23 | 23 | 24
SOB1 P98 40 | 42| 51 | 69 | 90
SOB2 P911 - - - 72 | 93
SOB3 P62 - - - 45 | 64
TIAAOO | | Timer TAAO-7 channel O capture trigger input P32 24 | 24 | 27 | 27 | 48
TIAA10 P34 26 | 26 | 29 | 29 | 50
TIAA20 P97 39 | 41| 50 | 68 | 89
TIAA30 PO1 13 4 7 7 7
TIAA40 P02 14 17 | 17 | 18
TIAA50 P150 - - - - 98
TIAAG0 P152 - - - - | 100
TIAA70 P154 - - - - | 102
TIAAO1 | | Timer TAAO-7 channel 1 capture trigger input P33 25 | 25 | 28 | 28 | 49
TIAA11 P35 27 | 27 | 30 | 30 | 51
TIAA21 P96 38 | 40 | 49 | 67 | 88
TIAA31 P00 12 3 6 6 6
TIAA41 P03 15 6 18 | 18 | 19
TIAA51 P151 - - - - 99
TIAAG1 P153 - - - - | 101
TIAA71 P155 - - - - | 103
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Table 2-16 Alphabetic pin functions list (6/7)

Pin name | /0O | Pin function Port Pin number
FE3 | FF3 | FG3 | FJ3 | FK3
TIABOO | | Timer TABO-2 channel O capture trigger input P53 31 35 | 40 | 40 | 59
P99 41 43 52 70 91
TIAB10 P95 - - | 48 | 66 | 87
TIAB20 P610 - - - 53 | 72
TIABO1 | | Timer TABO-2 channel 1 capture trigger input P50 28 | 32 | 37| 37 | 56
TIAB11 P92 - - | 45| 63 | 84
TIAB21 P611 - - - 54 | 73
TIABO2 | | Timer TABO-2 channel 2 capture trigger input P51 29 | 33 | 38 | 38 | 57
TIAB12 P93 - - | 46 | 64 | 85
TIAB22 P612 - - - 55 | 74
TIABO3 | | Timer TABO-2 channel 3 capture trigger input P52 30 | 34| 39 | 39 | 58
P98 40 | 42 | 51 | 69 | 90
TIAB13 P94 - - | 47 | 65| 86
TIAB23 P613 - - - 56 | 75
TOAAOQ0 O | Timer TAAO-7 channel 0 signal output P32 24 | 24 | 27 | 27 | 48
TOAA10 P34 26 | 26 | 29 | 29 | 50
TOAA20 P97 39 | 41| 50 | 68 | 89
TOAA30 PO1 13 4 7 7 7
TOAA40 P02 14 5 17 | 17 | 18
TOAA50 P150 - - - - | 98
TOAA60 P152 - - - - 100
TOAA70 P154 - - - - | 102
TOAAO1 O | Timer TAAO-7 channel 1 signal output P32 24 | 24 | 27 | 27 | 48
P33 25 | 25| 28 | 28 | 49
TOAA1 P35 27 | 27 | 30 | 30 | 51
TOAA21 P96 38 | 40 | 49 | 67 | 88
TOAA31 P00 12 3 6 6 6
TOAA4A1 P03 15 6 18 | 18 | 19
TOAA51 P151 - - - - | 99
TOAAG61 P153 - - - - 101
TOAAT71 P155 - - - - | 103
TOABOO O | Timer TABO-2 channel O capture trigger output P53 31 35 | 40 | 40 | 59
P99 41 43 52 70 91
TOAB10 P95 - - | 48 | 66 | 87
TOAB20 P610 - - - 53 | 72
TOABO1 O | Timer TABO-2 channel 1 capture trigger output P50 28 | 32 | 37 | 37 | 56
TOAB11 P92 - - | 45| 63 | 84
TOAB21 P611 - - - 54 | 73
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Table 2-16 Alphabetic pin functions list (7/7)

Pin name | /0O | Pin function Port Pin number
FE3 | FF3 | FG3 | FJ3 | FK3
TOABO2 O | Timer TABO-2 channel 2 capture trigger output P51 29 | 33| 38 | 38 | 57
TOAB12 P93 - - 46 | 64 | 85
TOAB22 P612 - - - 55 | 74
TOABO3 O | Timer TABO-2 channel 3 capture trigger output P52 30 | 34| 39 | 39 | 58
P98 40 | 42 | 51 | 69 | 90
TOAB13 P94 - - 47 | 65 | 86
TOAB23 P613 - - - 56 | 75
TOABOB1 | O | Motor Control output signal P51 29 | 33| 38 | 38 | 57
TOABOB2 P53 31 | 35| 40 | 40 | 59
TOABOB3 P55 35 | 37 | 42 | 42 | 61
TOABOT1 O | Motor Control output signal P50 28 | 32 | 37 | 37 | 56
TOABOT2 P52 30 | 34| 39| 39| 58
TOABOT3 P54 34| 36 | 41| 41| 60
TXDDO O | UARTDO-7 transmit data P30 22 | 22| 25 | 25 | 26
TXDD1 P90 36 | 38 | 43 | 61 | 82
TXDD2 P38 - - 35| 35 | 54
TXDD3 P41 - - 23| 23 | 24
P81 - 60 | 81
TXDD4 P915 - - 58 | 76 | 97
TXDD5 P912 - - - 73 | 94
TXDD6 P62 - - - - 64
TXDD7 P614 - - - - 78
VDD — | Core supply voltage - 4 9 9 9 9
VDD1 — | Core supply voltage - - - 70 | 104 | 126
VSS — | Core supply ground - 6 11 11 11 11
VSS1 — | Core supply ground - - - 69 | 103 | 124
WAIT | | External memory interface data wait request PCMO | - - - 85 | 110
WRO O | External memory interface write strobe PCTO - - - 95 | 137
(lower 8 bits)
WR1 O | External memory interface write strobe PCT1 | - - - | 96 | 138
(higher 8 bits)
X1 I | Main clock resonator connection - 7 12 | 12 | 12 | 12
X2 — | Main clock resonator connection - 8 13 | 13| 13 | 13
XT1 | | Sub oscillator resonator connection - 10 | 15| 15| 15 | 15
XT2 — | Sub oscillator resonator connection - 11 16 | 16 | 16 | 16
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Note The following alternative functions are provided on two pins each:

Unit Alternative function /0 | Port1 Port 2
Timer TOAAO1 O | P33 P32
TIABOO I P53 P99
TOABOO O | P53 P99
TIABO3 I P52 P98
TOABO3 O | P52 P98
UARTD RXDD3 I P40 P802
TXDD3 O | P41 Pg12
CAN CTXDO O | P06 P33
CRXDO I P04 P34
CTXD2P O | P65 P910
CRXD2P | | P66 P911
External Interrupt INTP13 I P62 P63
INTP14 | | P402 P80®
Key interrupt KRO I P40 P50
KR1 I P41 P51
KR2 I P42 P52

a) not available for VB50ES/FE3, V850ES/FF3, uPD70F3374 and yPD70F3375 of
V850ES/FG3 and pPD70F3378 of V850ES/FJ3
b) available on V850ES/FJ3 and V850ES/FK3

Thus you can select on which pin the alternative function should appear. Refer
to “Pin function configuration” on page 39.

Caution Make sure an alternative input function is only supplied from a single pin at the
same time. An alternative output function can be output on several pins
concurrently.

For example, if P40 operates as key interrupt KRO, P50 must not operate as
key interrupt KRO.
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2.5.3

Port group 0

Port group 0 is a 7-bit port group. In alternative mode, it comprises pins for the
following functions:

e External interrupt (INTPO to INTP3)

* Non-maskable interrupt (NMI)

¢ N-Wire debug interface reset (DRST)

¢ A/D Converter 0 external trigger input (ADTRG)
e Timer TAA3 channels (TIAA30, TIAA31 and TOAA30, TOAA31)
e Timer TAA4 channels (TIAA40, TIAA41 and TOAA40, TOAA41)
e CANO transmit/receive data (CTXDO0, CRXDO0)

Port group 0 includes the following pins:

Table 2-17 Port group 0: pin functions and port types

Pin functions in different modes

Port mode Alternative mode On-chip
(PMC = 0) (PMCnm =1) debug mode Pin Noise | Input
PFCE =0 PFCE = 1 (0cDM0 = 1) aff:l:rc::aos:t POrttyPe | fitera | charact.b
Function1 | Function2 | Function3 | Function 4
PFC=0 PFC =1 PFC=0 PFC=1
P00 TIAA31 (I) | TOAA31 (0) |- - - P00 (1) E10-U A )
PO1 TIAA30 (I) | TOAA30 (0) |- - - PO1 (1) E10-U A 2
P02 NMI (1) prohibited | TIAA40 (I) | TOAA40 (O) |- P02 (1) F1x10-Ul | A 2
P03 INTPO (I) | ADTRG (I) | TIAA41 (I) | TOAA41 (0) |- P03 (1) F1110-U1 | A 2
P04 INTP1 (I) | CRXDO(I) |- - - PO4 (1) E11-Ul A S1
P05 INTP2 (1) |- - - DRST (1) %SS(T”(I(;E D101-Ul A "
P06 INTP3 (I) |CTXDO (0) |- - - P06 (1) E10-UI B 2

a) A: analog noise filter only for TITAAnm, NMI, INTPn, DRST, ADTRG inputs
B: analog and digital noise filter

—: no noise filter

b S1: Schmitt trigger (30/70%); S2: Schmitt trigger (40/80%); x: CMOS
c) The pin function after reset depends on the reset source, that means on bit OCDM.OCDMO. Refer to “OCDM

- On-chip debug mode register” on page 44 and to “On-Chip Debug Unit” on page 930.

Note 1.

Alternative functions CRXDO0 and CTXDO are provided on two pins each.

Thus you can select on which pin the alternative function should appear.

Refer to “Alphabetic pin function list” on page 106.

2. Setting of PUOS5 is valid only when the OCDMO bit of the OCDM register =
0. Itis not pulled up when the OCDM bit = 1.
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Table 2-18 Port group 0: configuration registers

Register | Address :,r:It:Iael Used bits

PMCO FFFF F4404 | 004 X PMCO6 | PMCO5 | PMCO04 |PMCO3 |PMCO2 |PMCO1 |PMCOO0
PMO FFFF F420, | FFy X PMO06 PMO5 PMO04 PMO03 PM02 PMO1 PMO00
PFCO FFFF F460, | 00y X PFC06 | X PFC04 | PFC03 |PFC02 |PFCO1 | PFCO0
PFCEO FFFF F7004 | 004 X X X X PFCE03 | PFCE02 | X X
0CDM FFFF F9FCy | 004/ 0142 |0 0 0 0 0 0 0 0CDMO
PO FFFF F400, | undefined | X P06 P05 P04 P03 P02 P01 P00
PUO FFFF FC40y | 004 X PU06 PU05 PU04 PU03 PU02 PUO1 PU00O

3  Depends on the reset source (Refer to “OCDM - On-chip debug mode register” on page 44 and to “On-Chip
Debug Unit” on page 930)

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.5.4 Port group 1 (V850ES/FG3, V850ES/FJ3, VB50ES/FK3)

Note Port group 1 is available only for VB50ES/FG3, V850ES/FJ3, and V850ES/
FKS.

Port group 1 is a 2-bit port group. In alternative mode, it comprises pins for the
following functions:

e External interrupt (INTP9 and INTP10)

Port group 1 includes the following pins:

Table 2-19 Port group 1: pin functions and port types

Pin functions in different modes
- Pin function | Port | Noise | Input
Port mode Alternative mode after reset type | filter? charact.P
(PMCnm = 0) (PMCnm =1)
P10 INTP9 (1) P10 (1) D1-Ul A S2
P11 INTP10 (1) P11 () D1-Ul A S2

a) A analog noise filter only for INTPn inputs
B: analog and digital noise filter
—: no noise filter
b)  S1: Schmitt trigger (30/70%); S2: Schmitt trigger (40/80%); x: CMOS

Table 2-20 Port group 1: configuration registers

Register | Address Initial value | Used bits
PMCA1 FFFF F442, | 004 X X X X X X PMC11 | PMC10
PM1 FFFF F422, | FFq X X X X X X PM11 PM10
P1 FFFF F402, | undefined X X X X X X P11 P10
PU1 FFFF FC42y | 00y X X X X X X PUT1 PU10
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.5.5 Port group 2 (V850ES/FK3)

Note Port group 2 is available only for VB50ES/FK3.

Port group 2 is a 16-bit port group. In alternative mode, it comprises pins for
the following functions:

e A/D Converter 1 inputs

Port group 2 includes the following pins:

Table 2-21 Port group 2: pin functions and port types

Pin functions in different modes Pin .

Port mode Alternative mode function Port I\fmsg Input b
(PMCnm = 0) (PMChm = 1) after reset type | filter® | charact.
P20 ANI100 (1) P20 (1) D1A - X
P21 ANI101 (1) P21 (1) D1A - X
P22 ANI102 (1) P22 (1) D1A - X
P23 ANI103 (1) P23 (1) D1A - X
P24 ANI104 (1) P24 (1) D1A - X
P25 ANI105 (1) P25 (1) D1A - X
P26 ANI106 (1) P26 (1) D1A - X
P27 ANI107 (1) P27 (1) D1A - X
P28 ANI108 (1) P28 (1) D1A - X
P29 ANI109 (1) P29 (1) D1A - X
P210 ANI110 (1) P210 (1) D1A - X
P211 ANI111 (1) P211 (1) D1A - X
P212 ANI112 (1) P212 (1) D1A - X
P213 ANI113 (1) P213 (1) D1A - X
P214 ANI114 (1) P214 (1) D1A - X
P215 ANI115 (1) P215 (1) D1A - X

a) A: analog noise filter; B: analog and digital noise filter; —: no noise filter
b)  S1: Schmitt trigger (30/70%); S2: Schmitt trigger (40/80%); x: CMOS
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Table 2-22 Port group 2: configuration registers

Register Address :’r;iltlilael Used bits

PMC2L FFFF F444, | 00y PMC27 |PMC26 |PMC25 |PMC24 |PMC23 |PMC22 |PMC21 PMC20
PMC2H FFFF F445, | 00y PMC215 | PMC214 | PMC213 | PMC212 | PMC211 | PMC210 | PMC29 | PMC28
PM2L FFFF F424y | FFy PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20
PM2H FFFF F425, | FFy PM215 PM214 PM213 PM212 PM211 PM210 PM29 PM28
P2L FFFF F404y | undefined | P27 P26 P25 P24 P23 p22 P21 P20
P2H FFFF F405, | undefined | P215 P214 P213 P212 P211 P210 P29 P28

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.5.6

Port group 3

Port group 3 is a 10-bit port group. In alternative mode, it comprises pins for
the following functions:

e External interrupt (INTP7 and INTP8)
e Timer TAAO channels (TIAAOO, TIAAO1 and TOAAQ0, TOAAO1)
¢ Timer TAA1 channels (TIAA10, TIAA11 and TOAA10, TOAA11)

e CANO transmit/receive data (CTXDO0, CRXDO0)
e CAN1 transmit/receive data (CTXD1, CRXD1)

* UARTDO transmit/receive data (TXDDO, RXDDO)
e UARTDO baud rate clock input (ASCKDO)
* UARTD2 transmit/receive data (TXDD2, RXDD2)

Port group 3 includes the following pins:

Table 2-23 Port group 3: pin functions and port types

Pin functions in different modes

Port Alternative mode Pin
mode (PMCnm =1) function | , Noise rl\m:utt
(PMCnm PFCE =0 PFCE = 1 after orttype filter? ¢ abac :
=0) . . . - reset
Function 1 | Function 2 | Function 3 | Function 4
PFC=0 PFC =1 PFC=0 PFC =1
P30 TXDDO (O) |- - - P30 (1) Do-U - S1
P31 RXDDO (I) |- - - P31 (1) i
INTP7 (1) D3-Ul A S
P32 ASCKDO (I) | TOAA01 (O) | TIAAQO (I) | TOAA00 (O) | P32 (1) F1010-U A S2
P33 TIAAO1 (I) | TOAAO1 (O) | CTXDO (O) | prohibited P33 (1) F100x-U A S2
P34 TIAA10 () | TOAA10 (O) | CRXDO (l) | prohibited P34 (1) F101x-U A S
P35 TIAA11 (I) | TOAA11 (O) |- - P35 (1) E10-U A S2
P36° CTXD1 (O) |- - - P36 (1) DO-U - S
P37¢ CRXD1 () |- - - P37 (1) D1-U - S
p3gd TXDD2 - - - P38 (1) C-u® _ S
(0)° DO-U
p39d RXDD2 ()% | - - - P39 (1) c-ue A St
INTPS (I)° D3-Ul
a A analog noise filter only for INTPn, TIAAnm inputs
B: analog and digital noise filter
—: no noise filter
b)  S1: Schmitt trigger (30/70%); S2: Schmitt trigger (40/80%); x: CMOS
°  not available for V850ES/FE3, V850ES/FF3
9 not available for V850ES/FE3
®  for V850ES/FF3
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Note Alternative functions CRXDO0, CTXDO0, and TOAAO1 are provided on two pins
each. Thus you can select on which pin the alternative function should appear.
Refer to “Pin function configuration” on page 39.
Table 2-24 Port group 3: configuration registers
Register Address :’r;ilt:‘ael Used bits
V850ES/FE3
PMC3L FFFF F446, | 00 X X PMC35 |PMC34 |PMC33 |PMC32 |PMC31 |PMC30
PM3L FFFF F426y | FFy X X PM35 PM34 PM33 PM32 PM31 PM30
PFC3L FFFF F466, | 00 X X PFC35 PFC34 PFC33 PFC32 | X X
PFCE3L FFFF F706, | 00 X X X PFEC34 | PFCE33 | PFCE32 |X X
P3L FFFF F406y | undefined | X X P35 P34 P33 P32 P31 P30
PU3L FFFF FC464 | 004 X X PU35 PU34 PU33 PU32 PU31 PU30
VB50ES/FF3
PMC3L FFFF F446y | 00y X X PMC35 |PMC34 |PMC33 |PMC32 |PMC31 |PMC30
PM3L FFFF F426y | FFy X X PM35 PM34 PM33 PM32 PM31 PM30
PM3H FFFF F427, | FFy X X X X X X PM39 PM38
PM3 (16 bit) | FFFF F426y | FFFFy PM315 to PM38 (PM3H) PM37 to PM30 (PM3L)
PFC3L FFFF F466, | 00 X X PFC35 PFC34 PFC33 PFC32 | X X
PFCE3L FFFF F706, | 00 X X X PFEC34 | PFCE33 | PFCE32 | X X
P3L FFFF F406y | undefined | X X P35 P34 P33 P32 P31 P30
P3H FFFF F407y | undefined | X X X X X X P39 P38
P3 (16 bit) FFFF F406, | undefined P315 to P38 (P3H) P37 to P30 (P3L)
PU3L FFFF FC46y | 00y X X PU35 PU34 PU33 PU32 PU31 PU30
PU3H FFFF FC47, | 004 X X X X X X PU39 PU38
PU3 (16 bit) | FFFF FC46 | 0000y PU315 to PU38 (PU3H) PU37 to PU30 (PU3L)
V850ES/FG3, V850ES/FJ3, VB50ES/FK3
PMC3L FFFF F446, | 00 PMC37 |PMC36 |PMC35 |PMC34 |PMC33 |PMC32 |PMC31 |PMC30
PMC3H FFFF F447, | 00y X X X X X X PMC39 | PMC38
PMC3 (16 bit) | FFFF F446, | 0000y PMC315 to PMC38 (PMC3H) PMC37 to PMC30 (PMC3L)
PM3L FFFF F426y | FFy PM37 PM36 PM35 PM34 PM33 PM32 PM31 PM30
PM3H FFFF F427, | FFy X X X X X X PM39 PM38
PM3 (16 bit) | FFFF F426y | FFFFy PM315 to PM38 (PM3H) PM37 to PM30 (PM3L)
PFC3L FFFF F466, | 00 X X PFC35 PFC34 PFC33 PFC32 | X X
PFCE3L FFFF F706, | 00 X X X PFEC34 | PFCE33 | PFCE32 | X X
P3L FFFF F406y | undefined | P37 P36 P35 P34 P33 P32 P31 P30
P3H FFFF F407y | undefined | X X X X X X P39 P38
P3 (16 bit) FFFF F406y | undefined P315 to P38 (P3H) P37 to P30 (P3L)
PU3L FFFF FC46y | 00y PU37 PU36 PU35 PU34 PU33 PU32 PU31 PU30
PU3H FFFF FC47, | 004 X X X X X X PU39 PU38
PU3 (16 bit) | FFFF FC46 | 0000y PU315 to PU38 (PU3H) PU37 to PU30 (PU3L)
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
All 16-bit registers can be accessed in 16-bit units.
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2.5.7 Port group 4
Port group 4 is a 3-bit port group. In alternative mode, it comprises pins for the
following functions:
e External interrupt (INTP14)
¢ Key interrupt input (KRO to KR2)
* Clocked Serial Interface CSIBO data/clock line (SIB0O, SOB0, SCKBO0)
e UARTDS transmit/receive data (TXDD3, RXDD3)

Port group 4 includes the following pins:

Table 2-25 Port group 4: pin functions and buffer

Pin functions in different modes
Port Alternative mode Pin
mode (PMCnm =1) function | o . | Noise | Input
(PMCnm PFCE =0 PFCE = 1 after YP€ | filter® | charact.”
=0) reset
Function 1 | Function 2 | Function 3 | Function 4
PFC=0 PFC =1 PFC =0 PFC =1
P40 SIBO (1) KRO (1) RXDD3 (1)° | prohibited P40 (1) E11-U A S1
INTP14 (1)¢ F113x-UI°
P41 SOBO (O) KR1 (1) TXDD3 (O)° | prohibited P41 (1) EO1-U A S
FO10x-U°
P42 SCKBO (I/0) | KR2 (1) - - P42 (1) E21-U A S2

a) A: analog noise filter only for KRn, INTPn inputs
B: analog and digital noise filter
—: no noise filter

b)  S1: Schmitt trigger (30/70%); S2: Schmitt trigger (40/80%); x: CMOS

© not available for VB50ES/FES3, V850ES/FF3, yPD70F3374 and yPD70F3375 of V850ES/FG3, uPD70F3378
of VB50ES/FJ3

Note Alternative functions RXDD3, TXDD3, INTP14, and KRO to KR2 are provided

on two pins each. Thus you can select on which pin the alternative function
should appear. Refer to “Pin function configuration” on page 39.

Table 2-26 Port group 4: configuration registers

Register | Address :::Itli‘ael Used bits
PMC4 FFFF F448, | 00y X X X X X PMC42 | PMC41 | PMC40
PM4 FFFF F428, | FFy X X X X X PM42 PM41 PM40
PFC4 FFFF F468, | 00y X X X X X PFC42 | PFC41 | PFC40
PFCE4? FFFF F708, | 00y X X X X X X PFCE41 | PFCE40
P4 FFFF F408, | undefined |X X X X X P42 P41 P40
PU4 FFFF FC48y | 00y X X X X X PU42 PU41 PU40

) notavailable with V850ES/FE3, V850ES/FF3, uPD70F3374 and pPD70F3375 of V850ES/FG3, pPD70F3378

of V850ES/FJ3

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.5.8 Port group 5

Port group 5 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:

e Key interrupt input 0 to 5 (KRO to KR5)
* N-Wire debug interface signals (DDI, DDO, DCK, DMS)
e Timer TABO channels (TIABOO to TIAB03, TOABOO to TOABOQ3)
* Motor control channels (TOABOB1 to TOABOB3, TOABOT1 to TOABOTS3)

Port group 5 includes the following pins:

Table 2-27 Port group 5: pin functions and port types

Pin functions in different modes

Port

Alternative mode

On-chip

Pin

mode (PMCnm = 1) debug mode | function Noise | Input
(PMC =0) PFCE=0 PFCE =1 (OCDMo0 =1) after ROV filter? Chall;aﬂ'
reset
Function1 | Function2 | Function 3 Function 4
PFC=0 PFC=1 PFC=0 PFC=1
P50 KRO (1) TIABO1 () | TOABO1 (0) | TOABOT1 (O) |- P50 (1) F1100-U S2
P51 KR1 (1) TIABO2 (I) | TOABO2 (O) | TOABOB1 (O) |- P51 (1) F1100-U A S2
P52 KR2 (1) TIABO3 () | TOABO3 (0) | TOABOT2 (O) | DDI (I) E%2| E:;cor F110001-U A S
P53 KR3 (1) TIABOO (1) | TOABOO (O) | TOABOB2 (O) | DDO (0) E%SO(I()O(;E F110000-U A $2
P54 KR4 (1) prohibited | prohibited TOABOT3 (O) | DCK (I) 5501((8)? F1xx001-U A S
P55 KR5 (1) prohibited | prohibited TOABOB3 (0) | DMS (I) E&;ASS(I()I)%r F1xx001-U A $2

) A:analog noise filter only for KRn, TIABnm inputs
B: analog and digital noise filter

—: no noise filter
b)  $1: Schmitt trigger (30/70%); S2: Schmitt trigger (40/80%); x: CMOS

©  The pin function after reset depends on the reset source, that means on bit OCDM.OCDMO. Refer to “OCDM

- On-chip debug mode register” on page 44 and to “On-Chip Debug Unit” on page 930.

Note Alternative functions TIAB0O, TIAB03, TOAB0O, TOABO3 and KRO to KR2 are
provided on two pins each. Thus you can select on which pin the alternative
function should appear. Refer to “Pin function configuration” on page 39.
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Table 2-28 Port group 5: configuration registers

Register | Address | Initial value | Used bits

PMC5 FFFF F44Ay | 00y X X PMC55 | PMC54 |PMC53 |PMC52 |PMC51 | PMC50
PM5 FFFF F42A, | FF4 X X PM55 PM54 PM53 PM52 PM51 PM50
PFC5 FFFF F46Ay | 00y X X PFC55 | PFC54 |PFC53 |PFC52 |PFC51 |PFC50
PFCE5 FFFF F70Ay | 00y X X PFCE55 | PFCE54 | PFCE53 | PFCE52 | PFCE51 | PFCES0
OCDM FFFF F9FCy | 004/ 0142 0 0 0 0 0 0 0 0CDMO
P5 FFFF F40Ay | undefined X X P55 P54 P53 P52 P51 P50
PU5 FFFF FC4Ay | 00y X X PU55 PU54 PU53 PU52 PUS51 PU50

a)

Depends on the reset source (Refer to “OCDM - On-chip debug mode register” on page 44 and to “On-Chip
Debug Unit” on page 930)

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.5.9

Note

Port group 6 (V850ES/FJ3, VB50ES/FK3)

Port group 6 is available only for VB50ES/FJ3, VB50ES/FKS.

Port group 6 is a 16-bit port group. In alternative mode, it comprises pins for
the following functions:

External interrupt (INTP11 to INTP13, INTP15)

Timer TAB2 channels (TIAB20 to TIAB23 and TOAB20 to TOAB23)
Clocked Serial Interface CSIB3 data/clock line (SIB3, SOB3, SCKB3)
CAN2 transmit/receive data (CTXD2, CRXD2)

CANS3 transmit/receive data (CTXD3, CRXD3)

UARTDS6 transmit/receive data (TXDD6, RXDD6)

UARTD7 transmit/receive data (TXDD7, RXDD7)

A/D Converter 1 external trigger input (ADTRG1)

Port group 6 includes the following pins:
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Table 2-29 Port group 6: pin functions and port types

Pin functions in different modes
Port mode Alternative mode .
(PMC =0) (PMCnm = 1) iU Noise | Input
function Port type filter® | charact?
PFCE=0 PFCE =1 after reset °
Function 1 Function 2 Function 3 Function 4
PFC=0 PFC=1 PFC=0 PFC=1
P60 prohibited INTP11 (I) |- - P60 (1) refer to A S2
P61 prohibited | INTP12 (1) |- - P61 (1) Zib’e 230 A [s2
P62 TXDDS6 (O)° | INTP13 () | SOB3 (0)® | prohibited P62 (1) page 126 | A S2
P63 RXDD6 (1)¢ | prohibited SIB3 (1)d prohibited P63 (1) - S1
INTP13 (I)°
P64 prohibited prohibited SCKB3 prohibited P64 (I) - Si
(1/10)d
P65 prohibited CTXD2 (O) |- - P65 (1) - S1
P66 prohibited CRXD2(l) |- - P66 (1) - S
P67 prohibited CTXD3 (0)¢ | - - P67 (1) - S1
P68 prohibited CRXD3 (I)® |- - P68 (1) - S1
P69 ADTRGH1 - - - P69 (1) —/AT | St
(1°
P610 TIAB20 (I) | TOAB20 - - P610 (1) A S2
(0)
P611 TIAB21 () | TOAB21 - - P611 (1) A S2
©)
P612 TIAB22 (I) | TOAB22 - - P612 (1) A S2
(0)
P613 TIAB23 (I) | TOAB23 - - P613 (1) A S2
©)
P614 TXDD7 (O)° | - - - P614 (1) - S1
P615 RXDD7 (I)® |- - - P615 (1) - S1
INTP15°
a A analog noise filter only for INTPn, TIABnm inputs
B: analog and digital noise filter
—: no noise filter
b)  S1: Schmitt trigger (30/70%); S2: Schmitt trigger (40/80%); x: CMOS
©  only available for VB50ES/FK3
9 not available for yPD70F3378, yPD70F3379, and uPD70F3380 of V850ES/FJ3
€) not available for yPD70F3378 of VB50ES/FJ3
) ADTRG1 input for VB50ES/FK3 features an analog noise filter
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Table 2-30 Port group 6: port types

V850ES/FJ3 V850ES/FK3
Port UPD70F3378 ﬂsg;gigg;g’ 533;32323’ all devices
P60 EX1-Ul EX1-Ul EX1-Ul EX1-Ul
P61 EX1-Ul EX1-Ul EX1-Ul EX1-Ul
P62 EX1-Ul EX1-Ul Fx10x-Ul FO10x-Ul
P63 Cc-u C-u Fxx1x-U F3x1x-Ul
P64 C-u C-u Fxx2x-U Fxx2x-U
P65 Ex0-U Ex0-U Ex0-U Ex0-U
P66 Ex1-U Ex1-U Ex1-U Ex1-U
P67 C-u Ex0-U Ex0-U Ex0-U
P68 C-U Ex1-U Ex1-U Ex1-U
P69 C-u C-u C-u D1-U
P610 E10-U E10-U E10-U E10-U
P611 E10-U E10-U E10-U E10-U
P612 E10-U E10-U E10-U E10-U
P613 E10-U E10-U E10-U E10-U
P614 C-U C-u C-u Do-U
P615 C-u C-u C-u D3-Ul

Note Alternative functions CRXD2 and CTXD2 are provided on two pins each. Thus
you can select on which pin the alternative function should appear. Refer to
“Pin function configuration” on page 39.
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Table 2-31 Port group 6: configuration registers

Register Address :::Itlijael Used bits
PMC6L FFFF F44Cy | 004 PMC67% | PMC66 | PMC65 | PMC64° | PMC63® | PMC62 | PMC61 | PMC60
PMC6H FFFF F44Dy | 00y E’MCG15 CPM0614 PMC613 | PMC612 | PMC611 | PMC610 | PMC69° | PMC682
PMC6 (16 bit) | FFFF F44Cy | 0000y PMC615 to PMC68 (PMC6H) PMC67 to PMC60 (PMC6L)
PM6L FFFF F42Cy | FFy PM67 PM66 PM65 PM64 PM63 PM62 PM61 PM60
PM6H FFFF F42Dy | FFy PM615 | PM614 | PM613 | PM612 | PM611 PM610 | PM69 PM68
PM®6 (16 bit) | FFFF F42Cy | FFFFy PM615 to PM68 (PM6H) PM67 to PM60 (PM6L)
PFC6L FFFF F46Cy | 00y PFC672 | PFC662 | PFC65 |PFC64 |PFC63° | PFC62 | PFC6! PFC60
PFC6H FFFF F46Dy | 00y X X PFC613 | PFC612 | PFC611 | PFC610 | X PFC682
PFC6 (16 bit) | FFFF F46Cy | 0000y PFC613 to PFC68 (PFC6H) PFC67 to PFC60 (PFC6L)
PFCE6L? FFFF F70Cy | 00y X X X PFCE64 | PFCE63 | PFCE62 | X X
P6L FFFF F40Cy | undefined | P67 P66 P65 P64 P63 P62 P61 P60
P6H FFFF F40Dy | undefined | P615 P614 P613 P612 P611 P610 P69 P68
P6 (16 bit) FFFF F40Cy | undefined P615 to P68 (P6H) P67 to P60 (P6L)
PU6L FFFF FC4Cy | 004 PU67 PU66 PU65 PU64 PU63 PU62 PU61 PU60
PU6H FFFF FC4Dy | 004 PU615 PU614 PU613 PU612 PU611 PU610 PU69 PU6S
PU6 (16 bit) | FFFF FC4Cy | 0000y PU615 to PU68 (PUBH) PU67 to PU60 (PUGL)

) not available for yPD70F3378 of VB50ES/FJ3

b) not available for yPD70F3378, uPD70F3379, uPD70F3380 of VB50ES/FJ3

©  only available for V850ES/FK3

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
All 16-bit registers can be accessed in 16-bit units.
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2.5.10 Port group 7

Port group 7 is a 16-bit port group. It includes pins for the following functions:

¢ A/D Converter 0 inputs

Port group 7 includes the following pins:

Table 2-32 Port group 7: pin functions and port types

Pin functions in different modes Pin .
. Port | Noise Input
Port mode Alternative mode function type | filter® | charact.P

(PMCnm = 0) (PMCnm = 1) after reset
P70 ANIO () P70 (1) D1A - X
P71 AN (1) P71 (I) D1A - X
P72 ANI2 (1) P72 (I) D1A - X
P73 ANI3 (1) P73 () D1A - X
P74 ANI4 (1) P74 (1) D1A - X
P75 ANI5 (1) P75 (I) D1A - X
P76 ANI6 (1) P76 (1) D1A - X
P77 ANI7 (I) P77 (I) D1A - X
P78 ANI8 (1) P78 (1) D1A - X
P79 ANIO (1) P79 () D1A - X
P710° ANI10 (1) P710 (I) D1A - X
P711¢ ANI11 (1) P711 () D1A - X
p712d ANI12 (1) P712 (1) D1A - X
p713d ANI13 (1) P713 (1) D1A - X
p7149 ANI14 (1) P714 (1) D1A - X
p715d ANI15 (1) P715 (1) D1A - X

a) A: analog noise filter; B: analog and digital noise filter; —: no noise filter

b) S1: Schmitt trigger (30/70%); S2: Schmitt trigger (40/80%); x: CMOS

9 not available for V850ES/FE3

9 not available for VB50ES/FE3 and V850ES/FF3
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Table 2-33 Port group 7: configuration registers
Register Address LU Used bits
value
PMC7L FFFF F44Ey | 004 PMC77 |PMC76 |PMC75 |PMC74 |PMC73 |PMC72 |PMC71 PMC70
PMC7H FFFF F44Fy | 00y PMC7152 | PMC7142 | PMC713% | PMC7122 | PMC711% | PMC710° | PMC79 | PMC78
PM7L FFFF F42Ey | FFy PM77 PM76 PM75 PM74 PM73 PM72 PM71 PM70
PM7H FFFF F42Fy | FFy PM7158 | PM7142 | PM7132 | PM7122 | PM711% | PM710° |PM79 PM78
P7L FFFF F40Ey | undefined | P77 P76 P75 P74 P73 P72 P71 P70
P7H FFFF F40Fy |undefined | P715% | P714% | P713% |P7128 |P711® [P710° | P79 P78
a) not available for VB50ES/FE3 and V850ES/FF3
b} not available for V850ES/FE3
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.5.11 Port group 8 (V850ES/FJ3, VB50ES/FK3)
Note Port group 8 is available only for VB50ES/FJ3, V850ES/FKS.
Port group 8 is a 2-bit port group. In alternative mode, it comprises pins for the
following functions:
e External interrupt (INTP14)
¢ UARTDS transmit/receive data (TXDD3, RXDD3)
Port group 8 includes the following pins:
Table 2-34 Port group 8: pin functions and port types
Pin functions in different modes Pin .
- function Port | Noise | Input
Port mode Alternative mode type | filter® | charact.P
(PMCnm = 0) (PMCnm = 1) after reset
P80 RXDD3 ()%INTP14 | P80 (I) D1-Ul A 1
(1 D3-UI°
P81 TXDD3 (0)° P81 (1) C-U B S1
Do-U°
a) A: analog noise filter only for INTPn inputs
B: analog and digital noise filter
—: no noise filter
b)  S1: Schmitt trigger (30/70%); S2: Schmitt trigger (40/80%); x: CMOS
©) not available for yPD70F3378 of VB50ES/FJ3
Note Alternative functions INTP14, RXDD3, and TXDDS3 are provided on two pins
each. Thus you can select on which pin the alternative function should appear.
Refer to “Pin function configuration” on page 39.
Table 2-35 Port group 8: configuration registers
Register | Address L] Used bits
value
PMC8 FFFF F4504 | 00y X X X X X X PMC812 | PMC80
PM8 FFFF F430y | FFy X X X X X X PM81 PM80
P8 FFFF F4104 | undefined |X X X X X X P81 P80
PU8 FFFF FC504 | 00y X X X X X X PU81 PU80
) not available for yPD70F3378 of VB50ES/FJ3
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.5.12 Port group 9
Port group 9 is an 16-bit port group. In alternative mode, it comprises pins for
the following functions:
e External interrupt (INTP4 to INTP6)
¢ Key interrupt input 6 to 7 (KR6 to KR7)
e Timer TAA2 channels (TIAA20, TIAA21 and TOAA20, TOAA21)
e Timer TABO channels (TIABOO, TIABO3 and TOAB0O, TOABO0S3)
e Timer TAB1 channels (TIAB10 to TIAB13 and TOAB10 to TOAB13)
* Clocked Serial Interface CSIB1 data/clock line (SOB1, SIB1, SCKB1)
* Clocked Serial Interface CSIB2 data/clock line (SOB2, SIB2, SCKB2)
e UARTD1 transmit/receive data (TXDD1, RXDD1)
e UARTDA4 transmit/receive data (TXDD4, RXDD4)
e UARTDS5 transmit/receive data (TXDD5, RXDD5)
¢ CAN2 transmit/receive data (CTXD2, CRXD2)

* 12C data/clock line (SDA0O, SCLOO)
¢ Programmabile clock output (PCL)

Note If P914 and P915 are in output port mode (PMC9.PMC9m = 0 and
PM9.PM9m = 0), the PF9H register specifies normal output or open-drain
output.
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Table 2-36 Port group 9: pin functions and port types

Pin functions in different modes
Port mode Alternative mode Pin
(PMCnm =0) (PMCnm = 1) function | Port | Noise | Input
PFCE =0 PFCE =1 after type | filter® | charact.?
reset
Function 1 | Function 2 | Function 3 | Function 4
PFC =0 PFC =1 PFC=0 PFC =1
P90 prohibited | KR6 (I) TXDD1 (O) | prohibited P90 (1) Table A S2
P91 prohibited | KR7 (1) RXDD1 (I) |prohibited | P91 () | 237
on A S1
KR7 (I)
page
Pg2° prohibited | TIAB11 (1) TOAB11 (O) | prohibited P92 (1) 133 A S2
P93° prohibited | TIAB12 (1) TOAB12 (O) | prohibited P93 (1) A S2
P94° prohibited | TIAB13 (1) TOAB13 (O) | prohibited P94 (1) A S2
P95° prohibited | TIAB10 (1) TOAB10 (O) | prohibited P95 (1) A S2
P96 prohibited | prohibited TIAA21 (1) TOAA21 (O) | P96 (1) A S2
P97 prohibited | SIB1 (l) TIAA20 (1) TOAA20 (O) | P97 (1) A S2
P98 prohibited | SOB1 (O) TIABO3 (1) TOABO3 (O) | P98 (1) A S2
P99 prohibited | SCKB1 (I/O) | TIABOO (l) TOABOO (O) | P99 (1) A S2
P910°¢ prohibited | SIB2 (I)° CTXD2 (0)? | prohibited P910 (1) - S2
P911¢ prohibited | SOB2 (0) | CRXD2 () | prohibited PI11 () - S1
P912° prohibited | SCKB2 prohibited TXDD5 (0)® | P912 (I)
d - S2
(1/0)
P913 prohibited | INTP4 PCL (O) RXDD5 (1)¢ | P913 (1) A S1
INTP4 (1)®
P914 prohibited | INTP5 SDA00 (I/0) | RXDD4 (I)f | P914 (1) A S1
INTP5 (1)¢
P915 prohibited | INTP6 SCLOO (/0) | TXDD4! P915 (1) A S1

a) A: analog noise filter only for KRn, TIABnm inputs
B: analog and digital noise filter
—: no noise filter

L2z

)

S1: Schmitt trigger (30/70%); S2: Schmitt trigger (40/80%); x: CMOS
not available for VB50ES/FE3 and V850ES/FF3
not available for VB50ES/FE3, V850ES/FF3 and VB850ES/FG3
not available for VB50ES/FE3, V850ES/FF3, VB50ES/FG3 and pPD70F3378 of VB50ES/FJ3

f not available for VB50ES/FE3, V850ES/FF3, yPD70F3374, uPD70F3375 of VB50ES/FG3 and yPD70F3378,
pPD70F3379 of VB50ES/FJ3

Note Alternative functions TIABOO, TIAB03, TOAB0O, TOAB03, CRXD2, and
CTXD2 are provided on two pins each. Thus you can select on which pin the
alternative function should appear. Refer to “Pin function configuration” on
page 39.
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Table 2-37 Port group 9: port types

V850ES/FE3 | VB50ES/FF3 V850ES/FG3 V850ES/FJ3 V850ES/FK3
uPD70F3379
POt | all devices | all devices ﬂ;’g;g::gg:’,g 5::3;8":22_7,32 PD70F3378 :ig;g::gggg all devices
pPD70F3382
P90  [Fx10x-U Fx10x-U Fx10x-U Fx10x-U Fx10x-U Fx10x-U Fx10x-U
P91 [Fx13x-U Fx13x-U Fx13x-U Fx13x-U Fx13x-U Fx13x-U Fx13x-U
P92 - — Fx10x-U Fx10x-U Fx10x-U Fx10x-U Fx10x-U
P93 - — Fx10x-U Fx10x-U Fx10x-U Fx10x-U Fx10x-U
P94 - — Fx10x-U Fx10x-U Fx10x-U Fx10x-U Fx10x-U
P95 - — Fx10x-U Fx10x-U Fx10x-U Fx10x-U Fx10x-U
P96 [Fxx10-U Fxx10-U Fxx10-U Fxx10-U Fxx10-U Fxx10-U Fxx10-U
P97 [Fx110-U Fx110-U Fx110-U Fx110-U Fx110-U Fx110-U Fx110-U
P98 Fx010-U Fx010-U Fx010-U Fx010-U Fx010-U Fx010-U Fx010-U
P99 |Fx210-U Fx210-U Fx210-U Fx210-U Fx210-U Fx210-U Fx210-U
P910 - - C-U C-U Fx10x-U Fx10x-U Fx10x-U
PO11 - C-U Cc-U Fx01x-U Fx01x-U Fx01x-U
P912 - - C-U C-U Ex2-U Fx2x0-U Fx2x0-U
P913 |Fx10x-Ul Fx10x-Ul Fx10x-Ul Fx10x-Ul Fx10x-Ul Fx103-Ul Fx103-Ul
P914 [Fx12x-UFI Fx12x-UFI Fx12x-UFI Fx123-UFI Fx12x-UFI Fx123-UFI Fx123-UFI
P915 [Fx12x-UFI Fx12x-UFI Fx12x-UFI Fx120-UFI Fx12x-UFI Fx120-UFI Fx120-UFI
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Table 2-38 Port group 9: V850ES/FE3, V850ES/FF3 configuration registers

Register Address :Ir;iltlijael Used bits
PMCIL FFFF F452y | 004 PMC97 PMC96 X X X PMC91 | PMC90
PMCOH FFFF F453, | 00y PMC915 | PMC914 | PMCI13 | X X PMC99 | PMC98
PMC9 (16 bit) | FFFF F452y | 0000y PMC915 to PMC98 (PMCIH) PMC97 to PMC90 (PMCIL)
PMIL FFFF F432y | FFy PM97 PM96 X X X PM91 PM90
PM9H FFFF F433y | FFy PM915 PM914 PM913 X X PM99 PM98
PM9 (16 bit) FFFF F432y | FFFFy PM915 to PM98 (PMIH) PM97 to PM90 (PMOL)
PFCIL FFFF F472y | 004 PFC97 PFC96 X X X PFCI1 PFC90
PFCYH FFFF F473y | 00y PFC915 PFC914 | PFC913 | X X PFC99 PFC98
PFCY (16 bit) | FFFF F472y | 0000y PFC915 to PFC98 (PFCYH) PFC97 to PFC90 (PFCIL)
PFCEIL FFFF F712y | 004 PFCE97 | PFCE96 | X X X PFCE91 | PFCEQ0
PFCE9H FFFF F713y | 004 PFCE915 | PFCE914 | PFCE913 | X X PFCE99 | PFCE98
PFCE9 (16 bit) | FFFF F712y | 0000y PFCE915 to PFCE98 (PFCE9H) PFCE97 to PFCE90 (PFCEIL)
PIL FFFF F412y | undefined | P97 P96 X X X P91 P90
P9H FFFF F413y | undefined | P915 P14 P13 X X P99 P98
P9 (16 bit) FFFF F412y | undefined P915 to P98 (P9H) P97 to P90 (PIL)
PUIL FFFF FC52y | 004 PU97 PU96 X X X PU91 PU90
PU9H FFFF FC53y | 004 PU915 PU914 PU913 X X PU99 PU98
PU9 (16 bit) FFFF FC52y | 00004 PU915 to PU98 (PU9H) PU97 to PU90 (PUIL)
PF9H FFFF FC73y | 004 PF915 ‘ PF914 ‘ X | X ‘ X ‘ X ‘ X
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
All 16-bit registers can be accessed in 16-bit units.
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Table 2-39 Port group 9: V850ES/FG3, VB50ES/FJ3, VB50ES/FK3 configuration

registers

Register Address :::Itlijael Used bits
PMCIL FFFF F452y | 004 PMC97 PMC96 PMC95 PMC94 PMC93 PMC92 PMC91 PMC90
PMC9H FFFF F453, | 00y PMC915 | PMC914 | PMC913 | PMC912% | PMC911® | PMC910® | PMC99 | PMC98
PMC9 (16 bit) | FFFF F452y | 0000y PMC915 to PMC98 (PMC9H) PMC97 to PMC90 (PMCIL)
PMIL FFFF F432y | FFy PM97 PM96 PM95 PM94 PM93 PM92 PM91 PM90
PM9H FFFF F433y | FFy PM915 PM914 PM913 PM912 PMI11 PM910 PM99 PM98
PM9 (16 bit) FFFF F432y | FFFFy PM915 to PM98 (PM3H) PM97 to PM90 (PMIL)
PFCIL FFFF F472y | 004 PFC97 PFC96 PFC95 PFC94 PFC93 PFC92 PFCY1 PFC90
PFCIH FFFF F473y | 00y PFC915 PFC914 PFCI13 PFC912% | PFC911® | PFC910% | PFC99 PFC98
PFCY (16 bit) | FFFF F472y | 0000y PFC915 to PFC98 (PFCOH) PFC97 to PFC0 (PFCIL)
PFCEIL FFFF F712y | 004 PFCE97 | PFCE9%6 | PFCE95 | PFCE94 | PFCE93 PFCE92 | PFCE91 | PFCE90
PFCE9H FFFF F713y | 004 PFCE915 | PFCE914 | PFCE913 | PFCE912® | PFCE911® | PFCE910® | PFCEQ9 | PFCEQS
PFCE9 (16 bit) | FFFF F712y | 0000y PFCE915 to PFCE98 (PFCEIH) PFCE97 to PFCE90 (PFCEIL)
PIL FFFF F412y | undefined | P97 P96 P95 P94 P93 P92 P91 P90
P9H FFFF F413y | undefined | P915 P914 P913 P912 P11 P910 P99 P98
P9 (16 bit) FFFF F412y | undefined P915 to P98 (P9H) P97 to P90 (PIL)
PUIL FFFF FC52y | 004 PU97 PU96 PU95 PUY4 PU93 PU92 PU91 PU90
PU9H FFFF FC53y | 004 PU915 PU914 PU913 PU912 PUI11 PU910 PU99 PU98
PU9 (16 bit) FFFF FC52y | 00004 PU915 to PU98 (PUIH) PU97 to PU90 (PUIL)
PF9H FFFF FC73y | 004 PF915 ‘ PF914 ‘ X | X X ‘ X ‘ X ‘ X

) not available for V850ES/FG3

b} not available for V850ES/FG3 and uPD70F3378 of V850ES/FJ3

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
All 16-bit registers can be accessed in 16-bit units.
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2.5.13 Port group 12 (V850ES/FJ3, VB50ES/FK3)
Note Port group 8 is available only for VB50ES/FJ3, V850ES/FK3.
Port group 12 is an 8-bit port group. It includes pins for the following functions:
¢ A/D Converter channel 0 inputs
Port group 12 includes the following pins:
Table 2-40 Port group 12: pin functions and port types
Pin functions in different modes Pin .
- function Port | Noise | Input
Port mode Alternative mode type | filter? | charact.
(PMCnm = 0) (PMCnm = 1) after reset
P120 ANI16 (1) P120 () D1A - X
P121 ANI7 (1) P121 (1) D1A - X
P122 ANI18 (1) P122 (1) D1A - X
P123 ANI19 (1) P123 (1) D1A - X
P124 ANI20 (1) P124 (1) D1A - X
P125 ANI21 (1) P125 (1) D1A - X
P126 ANI22 (1) P126 (1) D1A - X
P127 ANI23 (1) P127 (1) D1A - X
a) A: analog noise filter; B: analog and digital noise filter; —: no noise filter
b)  $1: Schmitt trigger (30/70%); S2: Schmitt trigger (40/80%); x: CMOS
Table 2-41 Port group 12: configuration registers
Register | Address L] Used bits
value
PMC12 FFFF F458, | 00y PMC127 | PMC126 | PMC125 | PMC124 | PMC123 | PMC122 | PMC121 | PMC120
PM12 FFFF F438y | FFy PM127 PM126 PM125 PM124 PM123 PM122 PM121 PM120
P12 FFFF F418y | undefined P127 P126 P125 P124 P123 P122 P121 P120
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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25.14

Note

Table 2-42

Port group 15 (V850ES/FK3)

Port group 15 is available only for VB50ES/FK3.

Port group 15 is an 8-bit port group. It includes pins for the following functions:
e Timer TAA5 channels (TIAA50, TIAA51 and TOAA50, TOAA51)
e Timer TAAG6 channels (TIAAB0, TIAA61 and TOAA60, TOAA61)
e Timer TAA7 channels (TIAA70, TIAA71 and TOAA70, TOAA71)
e CAN4 transmit/receive data (CTXD4, CRXD4)

Port group 15 includes the following pins:

Port group 15: pin functions and port types

Pin functions in different modes
Port mode Alternative mode fu:ci::on Port | Noise Input
(SR LA S ) after type | filter? charact.”
Function 1 | Function 2 reset
PFC=0 PFC =1
P150 TIAA50 (I) | TOAA50 (I) |P150(l) | E10-U | - S2
P151 TIAA51 () | TOAA51(l) |P151(l) |E10-U| A S2
P152 TIAA60 (I) | TOAA60 (I) |P152() | E10-U| A S2
P153 TIAA61 (I) | TOAA61 (I) |P153(l) | E10-U| A S2
P154 TIAA70 (I) | TOAA70(l) |P154(l) |E10-U| A S2
P155 TIAA71(l) | TOAA71(l) |P155() | E10-U| A S2
P156 CTXD4 (0) |- P156 () | DO-U - S1
P157 CRXD4 (I) |- P157 () | D1-U - S1
a) A: analog noise filter only for TIAAnm inputs
B: analog and digital noise filter
—: no noise filter
b)  S1: Schmitt trigger (30/70%); S2: Schmitt trigger (40/80%); x: CMOS
Table 2-43 Port group 15: configuration registers
Register | Address :;:Itli‘ael Used bits
PMC15 FFFF F45E, | 00y PMC157 | PMC156 | PMC155 | PMC154 | PMC153 | PMC152 | PMC151 | PMC150
PM15 FFFF F43Ey | FFy PM157 PM156 PM155 PM154 PM153 PM152 PM151 PM150
PFC15 FFFF FA7TEL | 00y X X PFC155 | PFC154 | PFC153 | PFC152 | PFC151 | PFC150
P15 FFFF FA1Ey | undefined P157 P156 P155 P154 P153 P152 P151 P150
PU15 FFFF FC5Ey | 00y PU157 PU156 PU155 PU154 PU153 PU152 PU151 PU150
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
RO1UH0237ED0320 Rev. 3.20 137

User Manual

RENESAS



Chapter 2

Pin Functions

2.5.15 Port group CD (V850ES/FJ3, V850ES/FK3)
Note Port group CD is available only for VB50ES/FJ3 and V850ES/FK3.
Port group CD is a 4-bit port group. The pins of this port group only work in port
mode.
Port group CD includes the following pins:
Table 2-44 Port group CD: pin functions and port types
Pin function in Pin function Port Noise Input
port mode after reset type filter® charact.?
PCDO PCDO (1) C - X
PCD1 PCD1 (1) C - X
PCD2 PCD2 (1) C - X
PCD3 PCD3 (1) C - X
a A analog noise filter; B: analog and digital noise filter; —: no noise filter
b)  S1: Schmitt trigger (30/70%); S2: Schmitt trigger (40/80%); x: CMOS
Table 2-45 Port group CD: configuration registers
Register | Address LiLE Used bits
value
PMCD FFFF FO2Ey | FFy X X X X PMCD3 | PMCD2 | PMCD1 | PMCDO
PCD FFFF FOOEy | undefined | X X X X PCD3 PCD2 PCD1 PCDO
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
RO1UH0237ED0320 Rev. 3.20 REN ESNS 138

User Manual



Chapter 2

Pin Functions

2.5.16 Port group CM

Port group CM is a 6-bit port group. In alternative mode, it comprises pins for
the following functions:

¢ External memory interface data wait request (WAIT)
e CPU system clock output (CLKOUT)

¢ External memory interface bus hold request input (HLDRQ)

¢ External memory interface bus hold acknowledge output (HLDAK)

Port group CM includes the following pins:

Table 2-46 Port group CM: pin functions and port types

Pin functions in different modes Pin .
- function Port | Noise | Input
Port mode Alternative mode type | filter® | charact.?
(PMCnm = 0) (PMCnm = 1) after reset
PCMO WAIT (I)° PCMO (1) C
D1° - X
PCM1 CLKOUT (0) PCM1 (1) DO - X
PCM24 HLDAK (O)° PCM2 (1) c
Do° - X
PCM3¢ HLDRQ (1)° PCM3 (1) C
D1° - X
PCM4¢ - PCM4 (1) C - X
PCM5° - PCM5 (1) C - X
a) A: analog noise filter; B: analog and digital noise filter; —: no noise filter
b)  S1: Schmitt trigger (30/70%); S2: Schmitt trigger (40/80%); x: CMOS
©) not available for VB50ES/FE3, V850ES/FF3, V850ES/FG3
9 not available for V850ES/FE3
Table 2-47 Port group CM: configuration registers
Register | Address Initial Used bits
value
PMCCM FFFF F04Cy | 004 X X X X PMCCM32 | PMCCM22 | PMCCM1 | PMCCM0?
PMCM FFFF F02Cy | FFy X X PMCM5? | PMCM4? | PMCM3® | PMCM2° | PMCM1 | PMCMO
PCM FFFF FOOCy | undefined |X X PCM5% | PCM4® | PCM3® | PCM2° | PCM1 PCMO
8 not available for VB50ES/FE3, V850ES/FF3, VB50ES/FG3
b} not available for VB50ES/FE3
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.5.17 Port group CS (V850ES/FF3, VB50ES/FG3, VB50ES/FJ3,
V850ES/FK3)

Note Port group CS is available only for VB50ES/FF3, VB50ES/FG3, V850ES/FJ3
and V850ES/FK3.

Port group CS is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:

¢ External memory interface chip select signals (CS0 to CS3)

Port group CS includes the following pins:

Table 2-48 Port group CS: pin functions and port types

Pin functions in different modes Pin .
- e Port | Noise Input
Port mode Alternative mode type | filter® | charact.?
(PMCnm = 0) (PMCnm =1) after reset
PCSO CSo (0)° PCSO (1) C
c - X
Do
PCS1 CS1(0)° PCS1 (1) C : "
DO°
PCS2°¢ CS2 (0) PCS2 (1) DO - X
PCS3° CS3 (0) PCS3 (1) DO - X
PCS4° - PCS4 (1) C - X
PCS5° - PCS5 (1) C - X
PCS6° - PCS6 (1) C - X
PCS7° - PCS7 (1) C - X

a) A analog noise filter; B: analog and digital noise filter; —: no noise filter

b)  S1: Schmitt trigger (30/70%); S2: Schmitt trigger (40/80%); x: CMOS
c) not available for VB50ES/FF3, V850ES/FG3

Table 2-49 Port group CS: configuration registers

Register | Address :":Itlila; Used bits

PMCCS FFFF F048, | 00y X X X X PMCCS3% | PMCCS2® | PMCCS1? | PMCCSO0?
PMCS FFFF F028, | FFy PMCS7% | PMCS6% | PMCS5% | PMCS4® | PMCS3® | PMCS2% | PMCS1 | PMCSO
PCS FFFF F008y | undefined |PCS7® |PCS6® |PCS5% |PCS4% |PCS3® |PCS2® |PCSt PCSO

a) not available for VB50ES/FF3, V850ES/FG3

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.5.18 Port group CT (V850ES/FF3, VB50ES/FG3, VB50ES/FJ3,
V850ES/FK3)
Note Port group CT is available only for V850ES/FF3, V850ES/FG3, V850ES/FJ3
and V850ES/FKS.
Port group CT is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:
 External memory interface read strobe (RD)
¢ External memory interface write strobes (WR0, WR1)
¢ External memory interface address strobe (ASTB)
Port group CT includes the following pins:
Table 2-50 Port group CT: pin functions and port types
Pin functions in different modes Pin
. Port | Noise Input
Port mode | Alternative mode | function type | filter® | charact?
(PMCnm = 0) (PMCnm = 1) after reset
PCTO WRO (0)° PCTO (I) C
¢ - X
DO
PCT1 WR1 (0)° PCT1 () o]
c - X
DO
PCT2¢ - PCT2 (I) c - X
PCT3¢ - PCT3 () C - X
PCT4 RD (0)° PCT4 (1) C _ y
Do°
PCT5¢ - PCT5 (1) C - X
PCT6 ASTB (0)° PCT6 (1) o]
c - X
DO
PCT7¢ - PCT7 (1) C - X
a A analog noise filter; B: analog and digital noise filter; —: no noise filter
b)  S1: Schmitt trigger (30/70%); S2: Schmitt trigger (40/80%); x: CMOS
°  notavailable for V850ES/FF3, V850ES/FG3
Table 2-51 Port group CT: configuration registers
Register | Address Ll Used bits
value
PMCCT® FFFF FO4Ay | 00y X PMCCT6 | X PMCCT4 | X X PMCCT1 | PMCCTO
PMCT FFFF FO2Ay | FFy PMCT72 | PMCT6 | PMCT5% | PMCT4 |PMCT32 | PMCT2% |PMCT1 | PMCTO
PCT FFFF FOOAy | undefined |PCT72 PCT6 PCT52 PCT4 PCT3? PCT28 PCT1 PCTO

a) not available for VB50ES/FF3, V850ES/FG3

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.5.19 Port group DL

Port group DL is an 16-bit input/output port group. In alternative mode, it
comprises pins for the following functions:

¢ External memory interface address/data lines 0 to 15 (ADO to AD15)

Port group DL includes the following pins:

Table 2-52 Port group DL: pin functions and port types

Pin functions in different modes Pin .
- function Port | Noise | Input
Port mofe Alternative :node s type | filter® | charact.P
(PMCnm = 0) (PMCnm =1)
PDLO ADO (1/0)f PDLO (1) c B R
Dof x/S2
PDL1 AD1 (1/0)f PDL1 (1) C .
Dof - x/S2
PDL2 AD2 (1/0)f PDL2 (1) C B c
Dof x/S2
PDL3 AD3 (1/0)f PDL3 (1) C ~ .
Dof x/S2
PDL4 AD4 (1/0)f PDL4 () C B R
Dof x/S2
PDL5 AD5 (I/0)/FLMD1 (I) | PDL5 (1) C _ /S2°
D2
PDL6 ADS (1/0)f PDLS (1) C B R
Dof x/S2
PDL7 AD7 (1/0)f PDL7 (1) C _ c
Dof x/S2
PDL8? ADS (1/0)f PDLS (1) c R
Dof - x/S2
PDLYY AD9 (I/0)f PDLO (1) C c
Dof - x/S2
PDL10¢ AD10 (1/0)f PDL10 (1) C .
Dof - x/S2
PDL114 AD11 (1/O)f PDL11 (I) C c
Dof - x/S2
PDL12¢ AD12 (//0)f PDL12 (1) C R
Dof - x/S2
PDL13® AD13 (1/0)f PDL13 (1) C R
Dof - x/S2
PDL14f AD14 (1/0)f PDL14 (I) D2 - x/S2¢
PDL15' AD15 (1/0)f PDL15 (I) D2 - x/S2¢
a) A analog noise filter; B: analog and digital noise filter; —: no noise filter
b)  S1: Schmitt trigger (30/70%); S2: Schmitt trigger (40/80%); x: CMOS
©  x: for V850ES/FJ3 and V850ES/FK3
S2: for VB50ES/FE3, V850ES/FF3, VB50ES/FG3
9 not available for V850ES/FE3
€} not available for VB50ES/FE3, V850ES/FF3
f not available for V850ES/FE3, V850ES/FF3, V850ES/FG3
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Table 2-53 Port group DL: configuration registers

Register Address - Used bits
value
PMCDLL® FFFF F044y | 004 PMCDL?7 | PMCDL6 | PMCDL5 | PMCDL4 | PMCDLS3 | PMCDL2 | PMCDL1 | PMCDLO
PMCDLH? FFFF FO45y | 00y PMCDL15 | PMCDL14 | PMCDL13 | PMCDL12 | PMCDL11 | PMCDL10 | PMCDL9 | PMCDLS
a a b b
PMCDL (16 FFFF FO44, | 00004 PMCDL15 to PMCDL8 (PMCDLH) PMCDL7 to PMCDLO (PMCDLL)
bit)?
PMDLL FFFF F024y | FFy PMDL?7 |PMDL6 |PMDL5 |PMDL4 |PMDL3 |PMDL2 |PMDL1 |PMDLO
PMDLH® FFFF FO25 | FFy PMDL15 | PMDL14 | PMDL13 | PMDL12 | PMDL11 | PMDL10 | PMDL9 | PMDLS
a a b b
PMDL (16 bit)® | FFFF F024y | FFFFy PMDL15 to PMDL8 (PMDLH) PMDL7 to PMDLO (PMDLL)
PDLL FFFF FO04y | undefined | PDL7 PDL6 PDL5 PDL4 PDL3 PDL2 PDL1 PDLO
PDLH® FFFF FO05y | undefined | PDL15% | PDL14% PDL13> | PDL12® |PDL11 PDL10 | PDL9 PDL8
PDL (16 bit)° FFFF F004y | undefined PDL15 to PDL8 (PDLH) PDL7 to PDLO (PDLL)
a) not available for VB50ES/FE3, V850ES/FF3, VB50ES/FG3
b) not available for VB50ES/FE3, V850ES/FF3
©  not available for VB50ES/FE3
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
All 16-bit registers can be accessed in 16-bit units.
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2.6

2.6.1

Noise Elimination

The input signals at some pins are passing a filter to remove noise and
glitches. The microcontroller supports both analog and digital filters.

In Table 2-17 on page 114 and in the following tables it is listed whether a pin is
equipped with an analog filter, a digital filter, both analog and digital filter, or no
filter at all.

Analog filtered inputs

The following input signals are passed through an analog filter to remove noise
and glitches:

¢ Non-maskable interrupt (NMI)

e External interrupts (INTPn)

¢ Key interrupt inputs (KRn)

e Timer TAA trigger inputs (TIAAnm)

* Timer TAB trigger inputs (TIABnm)

* A/D converter external input triggers (ADTRG, ADTRG1)
¢ N-Wire debug interface reset (DRST)

The analog filter suppresses input pulses that are shorter than a specified
pulse width (refer to the Datasheet). This assures the hold time for the external
interrupt signals.

The analog filter operates in all modes (normal mode and standby modes). It is
only effective if the corresponding pin works in alternative input mode and not
as a general purpose /O port.
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2.6.2

Filter operation

Input terminal

Filter output

Digitally filtered inputs

The input signal INTP3 is passed through both an analog and a digital filter.

The digital filter operates in all modes, in which fyy is available. Thus, it does
not operate in standby modes (if fy7 is used as the sampling clock, it can

operate in standby modes). The digital filter is only effective if the
corresponding pin works in alternative input mode and not as a general
purpose I/O port.

The input terminal signal is sampled with the sampling frequency fg Spikes

shorter than N-1 sampling cycles are suppressed and no internal signal is
generated. Pulses longer than N sampling cycles are recognized as valid
pulses and an internal signal is generated. The pulses between N-1 and N
sampling cycles are eliminated as noise, or detected as a valid edge. The
characteristics of the digital filter can be set by the NFC register.

The characteristic of the digital noise filter is determined by the register NFC:
» fs is defined by NFC.NFCJ[2:0]
fs is the sampling frequency. Together with N it defines the minimum input
terminal pulse width to be validated.
* N is defined by NFC.NFSTS
Possible values for N are 2 or 3.

The filter operation is illustrated in Figure 2-59 for NFC.NFSTS = 0 (N = 3).

3
Bl

Al

Figure 2-59 Digital noise removal example for NFC.NFSTS =0 (N = 3)
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(1) NFC - Digital noise filter control register
The 8-bit NFC register specifies the noise elimination circuit for signal INTP3.
Access This register can be read/written in 8-bit and 1-bit units.
Address FFFF F318y
Initial Value 00y. This register is cleared by any reset.
7 6 5 4 3 2 1 0
NFC [ NFEN [ NFSTS| o | o [ o | NFG2 | NFG1 | NFCO |

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

Table 2-54 NFC register contents

Bit position Bit name Function
Enables/disables digital noise elimination at pin INTP3:
7 NFEN 0: Digital noise elimination is disabled.
1: Digital noise elimination is enabled.
Defines the number of sampling periods N of fg to validate the external signal:
6 NFSTS 0: N=3
1: N=2
Defines the sampling frequency f for digital noise removal:
Sampling frequency f
NFC2 | NFC1 | NFCO png Teqreney ’s
Option bit PRSI =0 | Option bit PRSI =1
0 0 0 fyx/64 fxx/128
0 0 1 fxx/128 fxx/256
2t00 NFC[2:0] 0 1 0 fxx/256 fxx/512
0 1 1 fyx/512 fxx/1024
1 0 0 fxx/1024 fxx/2048
1 1 0
” ” ” setting prohibited setting prohibited
Note 1. fyxy =system clock

Remark

Caution

fxT = Sub oscillator frequency

2. Specification of PRSI is an option byte (refer to “Flash Memory” on

page 298).

If fS is set to fxx/64, fxx/1 28, fxx/256, fxx/512, fxx/1 024, or fxx/2048, it cannot

be used to release the standby mode, because the sampling clock stops in the
IDLE1, IDLE2 mode, or STOP mode. In this case, set fs to fyt or connect the

analog noise elimination circuit (setting not to execute digital noise elimination)

to release the standby mode.

After the sampling clock has been changed, it takes N sampling clocks

(defined sampling frequency N = 3 or 2) to initialize the digital noise eliminator.
Therefore, if an INTP3 valid edge is input within these N sampling clocks time
after the sampling clock has been changed, an interrupt request signal may be

generated.

Therefore, be careful about the following points when using the interrupt and

DMA functions.
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When using the interrupt function, after the N sampling clocks (selected
sampling frequency N = 3 or 2) have elapsed, enable interrupts after the
interrupt request flag (PIC3.PIF3 bit) has been cleared.

When using the DMA function (started by INTP3), enable DMA after the N
sampling clocks have elapsed.
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2.7 Pin Functions in Reset and Power Save Modes

The following table summarizes the status of the pins during reset and power
save modes and after release of these operating states in normal operation
mode.

The reset source makes a difference concerning the N-Wire debugger
interface pins DRST, DDI, DDO, DCK and DMS after reset release. An external
RESET or an internal Power-On-Clear switches all pins to input port mode,
while all other internal reset sources make the pins available for the debugger.

In contrast to all other power save modes the HALT mode suspends only the
CPU operation and has no effect on any pin status.

Table 2-55 Pin functions and reset / power save modes

Operating status Pin status
external during | e PO5/DRST: P05 port input with internal pull-down
RESET resistor

¢ all other pins: Hi-impedence

after | PO05/DRST: DRST input with internal pull-down resistor
e P52/DDI, P54/DCK, P55/DMS: DDI, DCK, DMS inputs
e P53/DDO: DDO output

e all other pins: input port mode

Power-On- during | e PO5/DRST: P05 port input with internal pull-down
Clear (POC) resistor

¢ all other pins: Hi-impedence

after input port mode

all other reset during | e PO5/DRST, P52/DDI, P53/DDO, P54/DCK, P55/DMS:
sources same as before reset

e all other pins: input port mode

after

HALT mode during | same as before HALT mode

after
IDLE 1, IDLE 2, | during | same as before power save mode:
STOP mode  Output signals are valid and output levels are
remained.

* Input signals with wake-up capability? are valid.
¢ Input signals without wake-up capability are ignored.

after same as before power save mode

a) Inputs with wake-up capability: external interrupts (INTPO to INTP14, NMI) and
CANO to CANS receive data (CRXDO, CRXD1, CRXD2, CRXD3)
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2.8 Recommended Connection of unused Pins

If a pin is not used, it is recommended to connect it as follows:

Table 2-56 Recommended connection of unused pins

Note

Pin

Recommended connection

Port pins

pins of port groups 0, 1,310 6, 8, 9, 15
(except P05 of Port 0)

e output pins: leave open

e input pins: connect to EVDD or EVSS
via a resistor, or use the internal pull-up
resistor

P05 of port group 0

e output pins: leave open

e input pins: connect to EVSS via a
resistor

pins of port groups 7, 12

e output pins: leave open

¢ input pins: connect to AVREFO or
AVSS via a resistor

pins of port groups CD, CM, CS, CT, DL

e output pins: leave open
¢ input pins: connect to BVDD or BVSS
via a resistor

Non-port pins

AVREFO, AVREF1

connect to VDD

FLMDO

connect to VSS

REGC, REGC2

connect to regulator output stability
capacity

XT1

connect to VSS via a resistor

XT2

leave open

Internally connected pins

IC

connect to VSS via a resistor

1. When connecting the unused pins with a power supply or ground, it is
recommended to connect the pins through a resistance of 1 to 10 KQ.

If the overall maximum output current exceeds its maximum value the

output buffer can be damaged. We recommend the placement of a series
resistor to prevent damage in case of accidentally enabled outputs. Refer
to the absolute maximum rating parameter in the Datasheet.
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2.9 Package Pins Assignment

The following figures shows the location of pins in top view. Every pin is
labelled with its pin number and all possible pin names.

2.9.1 VB850ES/FE3 package pins assignment
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Figure 2-60 V850ES/FE3 package pin assignment
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2.9.2 VB50ES/FF3 package pins assignment
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Figure 2-61
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V850ES/FF3 package pin assignment

PCM2
PCM1/CLKOUT
PCMO

PCS1

PCS0

P915/INTP6/SCLOO
P914/INTP5/SDA0O
P913/INTP4/PCL
P99/SCKB1/TIABO0/TOABOO
P98/SOB1/TIAB0O3/TOABO3
P97/SIB1/TIAA20/TOAA20
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Chapter 2

Pin Functions

2.9.3 VB850ES/FG3 package pins assignment
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Figure 2-62 VB850ES/FG3 package pin assignment

BVDD/VDD1
BVSS/VSS1

PCM2

PCM1/CLKOUT

PCMO

PCS1

PCS0
P915/INTP6/SCLO0/TXDDA4(*1)
P914/INTP5/SDA00/RXDDA4(*1)
P913/INTP4/PCL

P912

P911

P910
P99/SCKB1/TIABO0/TOABOO
P98/SOB1/TIABO3/TOABO3
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Chapter 2

Pin Functions

2.9.5 VB50ES/FK3 package pins assignment
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Figure 2-64 VB850ES/FK3 package pin assignment

PDL11/AD11
PDL10/AD10
PDL9Y/AD9
PDL8/AD8

PDL7/AD7
PDL6/AD6
PDL5/AD5/FLMD1
PDL4/AD4
PDL3/AD3
PDL2/AD2
PDL1/AD1
PDLO/ADO

o PCM5

PCM4
PCM3/HLDRQ
PCM2/HLDAK

o PCM1/CLKOUT
CMO/WAIT

PCS3/CS3
PCS2/CS2
PCS1/CST
PCS0/CSO
P157/CRXD4
P156/CTXD4

P155/TIAA71/TOAAT71
P154/TIAA70/TOAAT70
P153/TIAA61/TOAAG1
P152/TIAA60/TOAABD
P151/TIAA51/TOAA51

P150/TIAA!

IAAS0/TOAAS0
P915/INTP6/SCLO0/TXDD4
P914/INTP5/SDA00/RXDD4
P913/INTP4/PCL/RXD
P912/SCKB2/TXDD5
P911/SOB2/CRXD2
P910/SIB2/CTXD2

P99/SCKB1/TIAB0OO/TOABOO

P98/SOB1/TIAB03/TOABO3
|——o P97/SIB1/TIAA20/TOAA20
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Chapter 3

3.1

Features summary

CPU System Functions

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

Overview

The CPU is founded on Harvard architecture and it supports a RISC instruction
set. Basic instructions can be executed in one clock period. Optimized five-
stage pipelining is supported. This improves instruction execution speed.

In order to make the microcontroller ideal for use in digital control applications,
a 16-bit hardware multiplier enables this CPU to support word/half-word
multiply instructions, saturated multiply instructions, bit operation instructions,
etc.

The CPU has the following special features:
* Memory space:
— 64 MB linear program space
— 4 GB linear data space
e 32 general purpose registers
* Internal 32-bit architecture
¢ Five-stage pipeline
» Efficient multiplication and division instructions
e Saturation logic (saturated operation instructions)
¢ Barrel shifter (32-bit shift in one clock cycle)
* |Instruction formats: long and short

¢ Four types of bit manipulation instructions: set1, clear1, not1, test1
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Chapter 3 CPU System Functions

3.1.1 Description

The figure below shows a block diagram of the microcontroller, focusing on the
CPU and modules that interact with the CPU directly. Table 3-1 lists the bus

types.

CPU
RCU interface

System controller —

Instruction queue

Multiplier [
Dj‘>(16x 16 - 32)

W<

Program counter

General-purpose 1 Barrel
registers shifter

Bus control unit
System registers

(BCU)

N N
2N H v
S
N1 KA 2 k=>
v B
D
o <
ey
M ]
N1 —_
LA
DMA control unit
—
(DMAC)
<
KA
— —
Interrupt control unit —
< P
(INTC) —
j‘ Bus bridge
(BBR)
Standby control unit
K—=>
< (STBC)
S NPB

Figure 3-1 CPU system

The shaded busses are used for accessing the configuration registers of the
concerned modules.

Table 3-1 Bus types

Bus type Function
NPB — Peripheral bus Bus interface to the peripherals (internal bus).
VSB — System bus Bus interface to the Memory Controller for access to
external memory and to the NPB bus bridge BBR.
VFB — Fetch bus Interface to the internal ROM (mask ROM or code flash).
VDB — Data bus Interface to the internal RAM.
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Chapter 3 CPU System Functions
3.2 CPU Register Set
There are two categories of registers:
¢ General purpose registers
e System registers
All registers are 32-bit registers. An overview is given in the figure below. For
details, refer to VB50ES User’'s Manual Architecture.
31 0 31
ro (Zero Register) EIPC (Status Saving Register during interrupt)
1 (Reserved for Assembler) EIPSW (Status Saving Register during interrupt)
r2 (Interrupt Stack Pointer)
3 (Stack Pointer (SP)) FEPC (Status Saving Register during NMI)
r4 (Global Pointer (GP)) FEPSW (Status Saving Register during NMI)
5 (Text Pointer (TP))
6 | ECR  (Interrupt/Execution Source Register)
r7
8 | PSW  (Program Status Word)
r9
r10
1 CTPC (Status Saving Register during CALLT execution)
12 CTPSW (Status Saving Register during CALLT execution)
r
r13
a DBPC (Status Saving Register during exception/debug trap)
15 DBPSW (Status Saving Register during exception/debug trap)
r16
17 [ CTBP  (CALLT Base Pointer)
r18
ro [ PC (Program Counter)
r20
rei
r22
r23
r24
r25
r26
r27
r28
r29
r30 (Element Pointer (EP))
r31 (Link Pointer (LP))

Figure 3-2 CPU register set
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Chapter 3 CPU System Functions

3.2.1 General purpose registers (r0 to r31)
Each of the 32 general purpose registers can be used as a data variable or
address variable.

However, the registers r0, r1, r3 to r5, r30, and r31 may implicitly be used by
the assembler/compiler (see table Table 3-2). For details refer to the
documentation of your assembler/compiler.

Table 3-2 General purpose registers

Register name | Usage Operation

ro Zero register Always holds 0. It is used for
operations using 0 and offset 0
addressing.2

r1 Assembler-reserved register | Used for 32-bit direct addressing.b

r2 User address/data variable register

r3 Stack pointer Used to generate stack frame when
function is called.?

r4 Global pointer Used to access global variable in
data area.p

r5 Text pointer Used to indicate the start of the text
area (where program code is
located).?

r6 to r29 User address/data variable registers

r30 Element pointer Base pointer when memory is

accessed by means of instructions
SLD (short format load) and SST
(short format store).2

r31 Link pointer Used when calling a function.?

a) Registers r0 and r30 are used by dedicated instructions.

Registers r1, r3, r4, r5, and r31 may be used by the assembler/compiler.

Caution Before using registers r1, r3 to r5, r30, and r31, their contents must be saved
so that they are not lost. The contents must be restored to the registers after
the registers have been used.
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CPU System Functions

3.2.2

Example

System register

System register set

System registers control the status of the CPU and hold interrupt information.
Additionally, the program counter holds the instruction address during program
execution.

To read/write the system registers, use instructions LDSR (load to system
register) or STSR (store contents of system register), respectively, with a
specific system register number (regID) indicated below.

The program counter states an exception. It cannot be accessed via LDSR or
STSR instructions. No reglID is allocated to the program counter.

STSR 0,r2
Stores the contents of system register 0 (EIPC) in general purpose register r2.

The table below gives an overview of all system registers and their system

numbers register number (regID). It shows whether a load/store instruction is allowed (x)
for the register or not (-).
Table 3-3 System register numbers
. Operand specification
regiD System register name Shortcut
LDSR STSR
0 Status saving register during interrupt EIPC 9 y
(stores contents of PC)
1 Status saving register during interrupt EIPSW o y
(stores contents of PSW)
2 Status saving register during non-maskable interrupts FEPC
X X
(stores contents of PC)
3 Status saving register during non-maskable interrupts FEPSW o y
(stores contents of PSW)
4 Interrupt source register ECR - X
5 Program status word PSW X X
61to 15 Reserved (operations that access these register numbers _ _
cannot be guaranteed).
16 Status saving register during CALLT execution CTPC
X X
(stores contents of PC)
17 Status saving register during CALLT execution CTPSW N y
(stores contents of PSW)
18 Status saving register during exception/debug trap DBPC a
X X
(stores contents of PC)
19 Status saving register during exception/debug trap DBPSW @ y
(stores contents of PSW)
20 CALLT base pointer CTBP X X
21 to 31 Reserved (operations that access these register numbers _ _
cannot be guaranteed).

a)

Reading from this register is only enabled between a DBTRAP exception (exception handler address

0000 0060y) and the exception handler terminating DBRET instruction. DBTRAP exceptions are generated
upon ILGOP detections (refer to “Interrupt Controller (INTC)” on page 248).
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CPU System Functions

1)

Access

Initial Value

()

Table 3-4

Note

Caution

PC - Program counter

The program counter holds the instruction address during program execution.
The lower 26 bits are valid, and bits 31 to 26 are fixed to 0. If a carry occurs
from bit 25 to 26, it is ignored. Branching to an odd address cannot be
performed. Bit 0 is fixed to 0.

This register can not be accessed by any instruction.

0000 0000y. The program counter is cleared by any reset.

31 26 25 1

fixed to O instruction address during execution | 0 |

EIPC, FEPC, DBPC, CTPC - PC saving registers

The PC saving registers save the contents of the program counter for different
occasions, see Table 3-4.

When one of the occasions listed in Table 3-4 occurs, except for some
instructions, the address of the instruction following the one being executed is
saved to the saving registers.

For more details refer to Table 3-9 on page 164 and to the “Interrupt Controller
(INTC)” on page 248.

All PC saving registers are built up as the PC, with the initial value Oxxx xxxx
(x = undefined).

PC saving registers

Shortcut | Saves contents of PC in case of

Status saving register EIPC .
during interrupt .

Register

software exception
maskable interrupt

Status saving register FEPC .
during non-maskable

interrupts

non-maskable interrupt

Status saving register DBPC? |e
during exception/debug .
trap .

exception trap

debug trap

debug break

e during a single-step operation

CTPC .

Status saving register execution of CALLT instruction

during CALLT execution

a) Reading from this register is only enabled between a DBTRAP exception (excep-
tion handler address 0000 0060y) and the exception handler terminating DBRET
instruction. DBTRAP exceptions are generated upon ILGOP detections (refer to

“Interrupt Controller (INTC)” on page 248).

When multiple interrupt servicing is enabled, the contents of EIPC or FEPC
must be saved by program—because only one PC saving register for
maskable interrupts and non-maskable interrupts is provided, respectively.

When setting the value of any of the PC saving registers, use even values
(bit 0 = 0). If bit 0 is set to 1, the setting of this bit is ignored.
This is because bit 0 of the program counter is fixed to 0.
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CPU System Functions

(3) PSW - Program status word

The 32-bit program status word is a collection of flags that indicates the status
of the program (result of instruction execution) and the status of the CPU.

If the bits in the register are modified by the LDSR instruction, the PSW will
take on the new value immediately after the LDSR instruction has been
executed.

When the ID flag is set to 1, however, acknowledgment of an interrupt request
is disabled from when the LDSR instruction is still under execution.

Initial Value 0000 00204. The program status is initialized by any reset.

31 8 7 6 5 4 3 2 1 0
fixed to 0 |Np [ EP [ D [sAaT|cy [ov]| s | z |
R R RW RW RW RW RW RW RW RW
Table 3-5 PSW register contents (1/2)
Bit position Flag Function
Indicates that non-maskable interrupt (NMI) servicing is in progress.
This flag is set when NMI request is acknowledged, and multiple interrupt
7 NP servicing is disabled.
0: NMI servicing is not in progress.
1: NMI servicing is in progress.
Indicates that exception processing is in progress.
This flag is set when an exception occurs. Even when this bit is set, interrupt
6 EP requests can be acknowledged.
0: Exception processing is not in progress.
1: Exception processing is in progress.
Indicates whether a maskable interrupt request can be acknowledged.
0: Interrupts enabled.
5 ID 1: Interrupts disabled.
Note: Setting this flag will disable interrupt requests even while the LDSR
instruction is being executed.
For saturated operation processing instructions only:
Indicates that the operation result is saturated due to overflow.
0: Not saturated.
1: Saturated.
4 SATA Note: 1. This is a cumulative flag: The bit is not automatically cleared if
subsequent instructions lead to not saturated results.
To clear this bit, use the LDSR instruction to set PSW.SAT = 0.
2. In a general arithmetic operation this bit is neglected. It is neither
set nor cleared.
Carry/borrow flag.
3 cy Indicates whether a carry or borrow occurred as a result of the operation.

0: Carry or borrow did not occur
1: Carry or borrow occurred.
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Chapter 3 CPU System Functions

Table 3-5 PSW register contents (2/2)

Bit position Flag Function

Overflow flag.

Indicates whether an overflow occurred as a result of the operation.
0: Overflow did not occur.
1: Overflow occurred.

2 ova

Sign flag.

Indicates whether the result of the operation is negative.
0: Result is positive or zero.
1: Result is negative.

Zero flag.

Indicates whether the result of the operation is zero.
0: Result is not zero.
1: Result is zero.

a) In the case of saturate instructions, the SAT, S, and OV flags will be set according to the result of the operation
as shown in the table below. Note that the SAT flag is set only when the OV flag has been set during a satu-
rated operation.

Saturated operation The following table shows the setting of flags PWS.SAT, PWS.0V, and PWS.S,
instructions depending on the status of the operation result.

Table 3-6 Saturation-processed operation result

Status of operation result Flag status Satura.tion-processed
SAT | oV | s |operation result
Maximum positive value exceeded 1 1 0 | 7FFF FFFFy
Maximum negative value exceeded 1 1 1 | 8000 0000y
Positive (maximum not exceeded) 2 0 0 | Operation result itself
Negative (maximum not exceeded) 1
a) Retains the value before operation.
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Table 3-7

Note

Caution

EIPSW, FEPSW, DBPSW, CTPSW saving registers

The PSW saving registers save the contents of the program status word for
different occasions, see Table 3-4.

When one of the occasions listed in Table 3-4 occurs, the current value of the
PSW is saved to the saving registers.

All PSW saving registers are built up as the PSW, with the initial value
0000 Oxxxy (x = undefined).

PSW saving registers

Register Shortcut | Saves contents of PSW in case of

Status saving register EIPSW e software exception
during interrupt » maskable interrupt
Status saving register FEPSW | e non-maskable interrupt

during non-maskable
interrupts

Status saving register DBPSW? | » exception trap
during exception/debug * debug trap

trap * debug break

e during a single-step operation

Status saving register CTPSW | execution of CALLT instruction
during CALLT execution

a) Reading from this register is only enabled between a DBTRAP exception (excep-
tion handler address 0000 0060y) and the exception handler terminating DBRET
instruction. DBTRAP exceptions are generated upon ILGOP detections (refer to
“Interrupt Controller (INTC)” on page 248).

When multiple interrupt servicing is enabled, the contents of EIPSW or
FEPSW must be saved by program—because only one PSW saving register
for maskable interrupts and non-maskable interrupts is provided, respectively.

Bits 31 to 26 of EIPC and bits 31 to 12 and 10 to 8 of EIPSW are reserved for
future function expansion (fixed to 0).When setting the value of EIPC, FEPC, or
CTPC, use even values (bit 0 = 0).

If bit 0 is set to 1, the setting of this bit is ignored. This is because bit 0 of the
program counter is fixed to O.
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(5) ECR - Interrupt/exception source register

The 32-bit ECR register displays the exception codes if an exception or an
interrupt has occurred. With the exception code, the interrupt/exception source
can be identified.

For a list of interrupts/exceptions and corresponding exception codes, see
Table 3-9 on page 164.

Initial Value 0000 0000y. This register is cleared by any reset.

31 26 25 0
FECC EICC
Table 3-8 ECR register contents
B.'t. Bit name Function
position
311016 FECC Exception code of non-maskable interrupt (NMI)
15t00 EICC Exception code of exception or maskable interrupts

The following table lists the exception codes.

Table 3-9 Interrupt/execution codes

Interrupt/Exception Source : Value
e o Exception | Handler
Classification restored to
Name Trigger COde Address EIPCIFEPC
Non-maskable interrupts NMIO Interrupt 0010y 0000 0010y next PC
(NMI) input (see Note)
NMIA Interrupt 0020y 0000 0020y next PC
input (see Note)
NMI2 Interrupt 0030y 0000 00304 next PC
input (see Note)
Maskable interrupt refer to Interrupt refer to ¢ higher 16 bits: next PC
“Interrupt “Interrupt 00004 (see Note)
Controller Controller | e lower 16 bits:
(INTC)” (INTC)” on exception code
on page 248
page 248
Software TRAPON TRAP Exception 004ny 0000 00404 next PC
exception (n=0to Fp) instruction
TRAP1n TRAP Exception 005ny 0000 00504 next PC
(n=0toFy) |instruction
Exception trap (ILGOP) lllegal Exception 00604 0000 0060y next PC
instruction
code
Debug trap DBTRAP | Exception 0060y 0000 00604 next PC
instruction
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If an interrupt (maskable or non-maskable) is acknowledged during instruction

execution, generally, the address of the instruction following the one being

executed is saved to the saving registers, except when an interrupt is

acknowledged during execution of one of the following instructions:

* Jload instructions (SLD.B, SLD.BU, SLD.H, SLD.HU, SLD.W)

 divide instructions (DIV, DIVH, DIVU, DIVHU)

* PREPARE, DISPOSE instruction (only if an interrupt is generated before the
stack pointer is updated)

In this case, the address of the interrupted instruction is restored to the EIPC
or FEPC, respectively. Execution is stopped, and after the completion of
interrupt servicing the execution is resumed.

CTBP - CALLT base pointer

The 32-bit CALLT base pointer is used with the CALLT instruction. The register
content is used as a base address to generate both a 32-bit table entry
address and a 32-bit target address.

Initial Value Undefined

31 30 29 28 27 26 25 1 0
oo oo o]o] base address | o |
Ra Ra Ra Ra Ra Ra R/W R

8 These bits may be written, but write is ignored.
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3.3

Table 3-10

Note

3.3.1

Note

3.3.2

Operation Modes

This section describes the operation modes of the CPU and how the modes
are specified.

The following operation modes are available:
¢ Normal operation mode

* Flash programming mode

¢ On-chip debug mode

After reset release, the microcontroller starts to fetch instructions from an
internal boot ROM which contains the internal firmware. The firmware checks
the pins FLMDO and FLMD1 (PDLS5) to set the operation mode after reset
release according to Table 3-10:

Selection of operation modes

Pins

FLMD1 Operation Mode

FLMDO (PDL5)

0 X Normal operation mode (fetch from code flash)

1 0 Flash programming mode

1 Setting prohibited

The FLMD1 pin function is shared with the PDL5 pin.

Normal operation mode

After reset release, the firmware acquires the user's reset vector from the code
flash memory. The reset vector contains the start address of the user’s
program code. The firmware branches to that address. Program execution is
started.

The lower 1 MB of the memory area is always mapped to the internal code
flash memory. Thus, external memory mapped to this area can not be
addressed in normal operation mode. See also “Bus and Memory Control
(BCU, MEMC)” on page 339.

Flash programming mode
In flash programming mode, the internal code flash memory is erased and
re-programmed.

After reset release, the firmware initiates loading of the user's program code
from the external flash programmer and programs the code flash memory.

After detaching the external flash programmer, the microcontroller can be
started up with the new user's program in normal operation mode.

For more information see section “Flash Memory” on page 298.
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3.3.3

3.4

3.4.1

On-Chip debug mode

By connecting an N-Wire emulator, on-chip debugging can be executed. The
N-Wire emulator is connected through JTAG type signals.

In On-Chip debug mode user’s code can be programmed into the flash.
Afterwards the software can be evaluated using breakpoints and the user
resources (such as memory and I/O can be read or written.

For more information see Chapter 25 on page 930.

Address Space

In the following sections, the address space of the CPU is explained. Size and
addresses of CPU address space and physical address space are explained.
The address range of data space and program space together with their wrap-
around properties are presented.

CPU address space and physical address space

The CPU supports the following address space:

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

e 64 MB physical address space
The CPU provides 64 MB physical address space. That means that a
maximum of 64 MB internal or external memory can be accessed.

Any 32-bit address is translated to its corresponding physical address by
ignoring bits 31 to 26 of the address. Thus, 64 addresses point to the same
physical memory address. In other words, data at the physical address
0000 0000y can additionally be accessed by addresses 0400 0000y,

0800 0000y, ..., F80O 0000y, or FCOO 0000

RO1UH0237ED0320 Rev. 3.20 RENESAS 167

User Manual



Chapter 3 CPU System Functions
The 64 MB physical address space is seen as 64 images in the 4 GB CPU
address space:

CPU address space
FFFF FFFFH N
Image \\
FCO0 0000H ~ AN
FBFF FFFFH NI N .
\ Te~o N Physical address space
N - - x3FF FFFFH
AN A Fixed peripheral 1/0 Y3FF FOOOH
Image AN S
' K ) Internal RAM X3FF x000H""®
' v use prohibited Y3FF 0000H
\\ // // .
FS00 0000H oo Programmable peripheral I1/0 X3FE COOOH
F7FF FFFFH N N
\\\ // \/\/\
Image /X SO External memory
[ = - // /*\ \\
0800 0000H S ! \\\\
07FF FFFFH K AN Internal Flash/ROM %000 0000
/’ /’/:/ Address bits
/ S A[31:26] = x
Image , )
// /// //
0400 0000H e /
03FF FFFFH /)
Image /
/
0000 0000H !
Figure 3-3 Images in the CPU address space

Note

The start address of the internal RAM area depends on the product derivative.

See “Internal RAM area” on page 171 for details.
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3.4.2 Program and data space

The CPU allows the following assignment of data and instructions to the CPU
address space:

¢ 4 GB as data space
The entire CPU address space can be used for operand addresses.

* 64 MB as program space
Only the lower 64 MB of the CPU address space can be used for instruction
addresses. When an instruction address for a branch instruction is
calculated and moved to the program counter (PC), then bits 31 to 26 are
set to zero.

Figure 3-4 shows the assignment of the CPU address space to data and
program space.

CPU address space

FFFF FFFFH
-~ —~L Data area
[~ "~ (4 GB linear)
0400 0000H
03FF FFFFH
Program area
(64 MB linear)
0000 0000H
Figure 3-4 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 0000 0000 and FFFF FFFF
are contiguous addresses. This results in a wrap-around of the data space:
Data space
FFFF FFFEH
FFFF FFFFH . (+) . (_)
0000 0000H direction direction
0000 0001H
Data space
Figure 3-5 Wrap-around of data space
(2) Wrap-around of program space
If an instruction address calculation exceeds 26 bits, only the lower 26 bits of
the result are considered. Therefore, the addresses 0000 0000 and
03FF FFFFy are contiguous addresses. This results in a wrap-around of the
program space:
03FF FFFEH Program space
O3FF FFFFH +) 8)
0000 0000H direction direction
0000 0001H
Program space
Figure 3-6 Wrap-around of program space
Caution No instruction can be fetched from the 4 KB area of 03FF FO00y to
03FF FFFFy because this area is defined as peripheral I/O area. Therefore, do
not execute any branch to this area.
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3.5.1

O

Table 3-11

()

Memory

In the following sections, the memory of the CPU is introduced. Specific
memory areas are described and a recommendation for the usage of the
address space is given.

Memory areas

The internal memory of the CPU provides several areas:
¢ Internal code flash area

¢ Internal RAM area

¢ Internal fixed peripheral I/O area

e Programmable peripheral I/O area

e External memory area

The areas are briefly described below.

Internal code flash area

Table 3-11 shows the size and address range of internal code flash area. The
internal code flash area cannot be used for access to external memory.

Internal code flash areas V850ES/Fx3

Product Device Code flash size Address range
V850ES/FE3 pPD70F3370A | 128 KB 0000 0000y to 0001 FFFF4
uPD70F3371 256 KB 0000 0000y to 0003 FFFFy
V850ES/FF3 pPD70F3372 128 KB 0000 0000y to 0001 FFFFy
uPD70F3373 | 256 KB 0000 0000y to 0003 FFFF4
V850ES/FG3 | uyPD70F3374 | 128 KB 0000 0000y to 0001 FFFFy
uPD70F3375 | 256 KB 0000 0000y to 0003 FFFFy
uPD70F3376A | 384 KB 0000 0000y to 0005 FFFFy
uPD70F3377A | 512 KB 0000 0000y to 0007 FFFFy
V850ES/FJ3 pPD70F3378 | 256 KB 0000 0000y to 0003 FFFFy
uPD70F3379 | 384 KB 0000 0000y to 0005 FFFF
uyPD70F3380 | 512 KB 0000 0000y to 0007 FFFFy
pPD70F3381 768 KB 0000 0000y to 000B FFFFy
puPD70F3382 1 MB 0000 0000y to 000F FFFFy
V850ES/FK3 pPD70F3383 | 512 KB 0000 0000y to 0007 FFFFy
uPD70F3384 | 768 KB 0000 0000y to 000B FFFFy
pyPD70F3385 |1 MB 0000 0000y to 000F FFFFy

Internal RAM area

Table 3-12 shows the size and address range of internal RAM area.
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Table 3-12

)

Note

Internal RAM areas V850ES/Fx3

Product Device RAM size Address range
V850ES/FE3 | yPD70F3370A | 8 KB 03FF D000y — 03FF EFFFy
pPD70F3371 16 KB 03FF BO0Oy — 03FF EFFFy
VB850ES/FF3 | yPD70F3372 |8 KB 03FF D000y — 03FF EFFFy
pPD70F3373 | 16 KB 03FF BO0Oy — 03FF EFFFy
VB850ES/FG3 | yPD70F3374 |8 KB 03FF D000y — 03FF EFFFy
puPD70F3375 | 16 KB 03FF B0O0Oy — 03FF EFFFy
puPD70F3376A | 24 KB 03FF 90004 — 03FF EFFFy
uPD70F3377A | 32 KB 03FF 70004 — 03FF EFFFy
V850ES/FJ3 | yPD70F3378 | 16 KB 03FF B0O0Oy — 03FF EFFFy
puPD70F3379 |24 KB 03FF 90004 — 03FF EFFFy
puPD70F3380 |32 KB 03FF 70004 — 03FF EFFFy4
puPD70F3381 | 40 KB 03FF 5000 — 03FF EFFFy
pPD70F3382 |48 KB 03FF 3000y — 03FF EFFFy
V850ES/FK3 | pPD70F3383 |32 KB 03FF 70004 — 03FF EFFFy4
uPD70F3384 | 48 KB 03FF 3000 — 03FF EFFFy
pPD70F3385 |60 KB 03FF 0000y — 03FF EFFFy

Note that the internal firmware, which is processed after reset, uses some
RAM (refer to “Reset” on page 942).

Fixed peripheral I/O area

The 4 KB area between addresses 03FF FO00y and O3FF FFFF is provided

as the internal fixed peripheral /0O area. Accesses to these addresses are
passed over to the NPB bus (internal bus).

The following registers are memory-mapped to this area:

» All registers of peripheral functions

¢ Registers of timers

¢ Configuration registers of interrupt, DMA, bus and Memory Controllers
* Configuration registers of the clock controller

For a list of all peripheral I/O registers, see “Special Function Registers” on

page 950.

1. Because the physical address space covers 64 MB, the address bits

A[31:26] are not considered. Thus, this 4 KB address space can also be

addressed via the area FFFF 00004 to FFFF FFFFy. This has the

advantage that the area can be indirectly addressed by an offset and the

zero base r0.

Therefore, in this manual, all addresses of peripheral I/O registers in the

4 KB peripheral I/O area are given in the range FFFF FOOOy to
FFFF FFFF4 instead of 03FF FOOOy to 03FF FFFF.

2. The fixed peripheral I/O area is mirrored to the upper 4 KB of the

programmable peripheral /0O area PPA. If data is written to one area, it

appears also in the other area.

3. Program fetches cannot be executed from any peripheral I/O area.
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4)

4. Word registers, that means 32-bit registers, are accessed in two half word
accesses. The lower two address bits are ignored.

5. For registers in which byte access is possible, if half word access is
executed:
» During read operation: The higher 8 bits become undefined.
* During write operation: The lower 8 bits of data are written to the
register.

Addresses that are not defined as registers are reserved for future expansion.
If these addresses are accessed, the operation is undefined and not
guaranteed.

Programmable peripheral /O area

The 12 KB area between addresses 03FE C0004 and 03FE EFFF is

provided as a programmable peripheral I/O area (PPA). Within the
microcontroller, the usage and address range of the PPA are not configurable.

The CAN modules registers and message buffers are allocated to the PPA.
Refer to “CAN module register and message buffer addresses” on page 700
for information on how to calculate the register and message buffer addresses
of the CAN modules.

The base address of the PPA is specified by the peripheral area selection
control register (BPC).

e For the microcontroller, the base address of the PPA is fixed to
03FE C000y. Thus writing to BPC.PA[13:0] does not change the PPA base

address. Nevertheless the PPA must be enabled by setting BPC.PA15 = 1.

¢ For the emulation tool, the PPA has to be enabled and the base address
has to be set up by writing 8FFBy to the BPC register.

To make software suitable for both microcontroller and emulation tool, it is
recommended to include the set up of the PPA with BPC = 8FFBy in the

software.
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(5) External memory area

All address areas that do not address any internal memory or peripheral 1/0
registers can be used as external memory area.

Access to the external memory area uses the chip select (CS) signals
assigned to each memory area.

For access to external memory, see “Bus and Memory Control (BCU, MEMC)”
on page 339.

Note Access to external memory is provided only with the V850ES/FJ3 and
V850ES/FK3 products.

Data flash The data flash area can be allocated via the external memory area. For access
to the data flash area, see “Flash Memory” on page 298 and “Bus and Memory
Control (BCU, MEMC)” on page 339.
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3.5.2 Recommended use of data address space

When accessing operand data in the data space, one register has to be used
for address generation. This register is called pointer register. With relative
addressing, an instruction can access operand data at all addresses that lie in
the range of +32 KB relative to the address in the pointer register.

By this offset addressing method load/store instructions can be
accommodated in a single 32-bit instruction word, resulting in faster program
execution and smaller code size.

To enhance the efficiency of using the pointer in consideration of the memory
map, the following is recommended:

For efficient use of the relative addressing feature, the data segments should
be located in the address range FFFF F800y to 0000 0000 and 0000 0000y
to 0000 7FFFy. The peripheral I/O registers and the internal RAM is aligned to
the upper bound, thus the registers and a part of the RAM can be addressed
via relative addressing, with base address 0 (r0).

It is recommended to locate code flash memory data segments in the area up
to 0000 7FFFy, so access to these constant data can utilize also relative

addressing.

Use the r0 register as pointer register for operand addressing. Since the r0
register is fixed to zero by hardware, it can be used as a pointer register and, at
the same time, for any other purposes, where a zero register is required. Thus,
no other general purpose register has to be reserved as pointer register.

0000 7FFFH |
Intern(a11| If\I/IaB?)h area| a0 kR
(r0=)0000 0000H
Fixed
peripheral I/O area
FFFF FOO0O0H (4 KB)
Internal RAM area
(28 KB)
FFFF 8000H |
FFFF 7FFFH
Internal RAM area
(32 KB)
FFFF 0000H
Figure 3-7 Example application of wrap-around
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3.6 Write Protected Registers

Write protected registers are protected from inadvertent write access due to
erroneous program execution, etc. Write access to a write protected register is
only given immediately after writing to a corresponding write enable register.
For a write access to the write protected registers you have to use the following
instructions:

1. Store instruction (ST/SST instruction)
2. Bit operation instruction (SET1/CLR1/NOT1 instruction)

Incorrect store operations can be checked by a flag of the system status
register (SYS).

When reading write protected registers, no special sequence is required.

The following table gives an overview of the write protected registers and their
corresponding write enable registers.

Table 3-13 Overview of write protected registers

Corresponding write

Write protected register Shortcut . Shortcut | For details see
enable register

Processor clock control register PCC

Main system clock mode register MCM

SSCG frequency control register 0 SFCO

“Clock Generator

SSCG frequency control register 1 SFCH1 Registers” on page 187

Clock Monitor mode register CLM

Power save control register PSC

Data flash control register DFLCTL | Command register | PRCMD “Flash Memory” on
page 298

Reset source flag register RESF “Reset” on page 942

Internal RAM data status register RAMS “Low-Voltage Detector”

Low-voltage detection register LVIM on page 920

On-chip debug mode register OCDM “On-Chip Debug Unit”’ on
page 930

Example Enable Clock Monitor

The following example shows how to write to the write protected register CLM.
The example enables the Clock Monitor.

User Manual

do {
_PRERR = 0;
DI();
PRCMD = O0x5A;
CLM = 0x01;
EI();
} while (_PRERR != 0)
Note 1. Make sure that the compiler generates two consecutive assembler “store”
instructions to PRCMD and CLM from the associated C statements.
2. Special care must be taken when writing to registers PSC and PRCMD.
Please refer to “Clock Generator” on page 179 for details.
3. Any value can be written to the PRMCD register.
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Since any action between writing to a write enable register and writing to a
protected register destroys this sequence, the effects of interrupts and DMA
transfers have to be considered:

e Interrupts:
In order to prevent any maskable interrupt to be acknowledged between the
two write instructions in question, shield this sequence by DI-El (disable
interrupt—enable interrupt).
However, any non-maskable interrupt can still be acknowledged.

* DMA:
In the above example, DMA transfers can still take place. They may destroy
the sequence.

If appropriate, you may disable DMA transfers in advance. Otherwise you
must check whether writing to the protected register was successful. To do
so, check the status via the status register, if available, or by reading back
the protected register.
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3.6.1 Write protection control registers
The following section describes the registers that control access to write
protected registers.
(1) PRCMD - Command register
The 8-bit PRCMD register protects other registers from inadvertent write
access, so that the system does not stop in case of a program hang-up.
After writing to the PRCMD register, you are permitted to write once to one of
the protected registers. This must be done immediately after writing to the
PRCMD register. After the second write action all protected registers are write-
locked again. Read accesses to any register are permitted between write
access to the PRCMD and the protected register.
Any value can be written to the PRCMD register. Nevertheless, writing 00’ or
the value to be stored to the protected register in the next instruction minimizes
the use of CPU register and the program size.
Access This register can only be written in 8-bit units.
Address FFFF F1FCy.
Initial Value The contents of this register is undefined.
7 6 5 4 3 2 1 0
PRCMD [ x | x | x | x | x | x | x | x |
w w W W w w w w
An invalid write attempt to one of write protected registers sets the error flag
SYS.PRERR.
(2) SYS - System register
The 8-bit SYS register indicates the status of a write attempt to a write
protected register.
Access This register can be read/written in 8-bit or 1-bit units.
Address FFFF F8024.
Initial Value 00y. This register is cleared by any reset.
1 0
sys | o | o | o | o | o | o | o |PRERR|
R/W
Table 3-14 SYS register contents
Bit position | Bit name Function
Write error status:
0: Write access was successful.
0 PRERR 1: Write access failed.
You can clear this register by writing 0 to it. Setting
this register to 1 by software is not possible.
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4.1

Features summary

Clock Generator

The Clock Generator provides the clock signals needed by the CPU and the
on-chip peripherals.

Overview

The Clock Generator can generate the required clock signals from the
following sources:

Main oscillator—a built-in oscillator that requires an external crystal with a
frequency between 4 MHz and 16 MHz

Sub oscillator—a built-in oscillator that requires an external crystal
(32,768 KHz) or an external RC resonator (20 KHz)

Low-frequency internal oscillator—an internal oscillator without external
components and a nominal frequency of 240 KHz

High-frequency internal oscillator—an internal oscillator without external
components and a nominal frequency of 8 MHz

Special features of the Clock Generator are:

Choice of oscillators to reduce power consumption in stand-by mode
PLL synthesizer for the main oscillator:
— In clock-through mode: 4 MHz to 16 MHz main system clock fyx

— In PLL (Phase Locked Loop) mode main system clock fyy:

- 12 MHz to 48 MHz with fixed frequency from PLL
- 12 MHz to ~<48 MHz with modulated frequency from a Spread
Spectrum Clock Generator SSCG

Sub oscillator can be crystal controlled (fyT)

Two internal internal oscillators (fg_ = 240 KHz and fgy = 8 MH2)
Internal main system clock generation:

— fxx fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, fx1, frL, fRH

— Subclock mode: fyt or fg, selectable by an option byte in the code flash
memory

Peripheral clock generation

— fypy to fypq / 1024

— fypq = fxx Or fxpq = fxx /2 selectable by an option byte

— fxpq selectable from fixed (PLL) or modulated (SSCG) clock
Clock output function (CLKOUT pin)

Programmable clock output function (PCL pin)

Individual clock source selection for CPU and groups of peripherals
Specific power save modes

Vital system registers are write-protected by a special write sequence
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¢ Direct main oscillator clock feed-through for Watch Timer, Watchdog Timer,
CSIBO0, and CAN support

¢ Clock Monitor for main oscillator

4.1.1 Description

The Clock Generator is built up as illustrated in the following figure.

0B_7A.STOPXTAL

PCC.FRC 0B_7A.STOPRCZ
0B_7B.SUBCLK
XT1 @ g posc Xl b | o WT, TMMO,
XT2 ' »
i g oy — T T
RC 0] fsc IDLE S,
240KHz | o : m fr8
internal 1/8 WDT2, TMMO
Oscillator T
Clock
RCM.RSTOP Monitor
IDLE1,2 mode
PCC.MFRC
PLL and SSCG few
(see separate diagram)
PCC.CK[2:0)
. feuss| | e Prescaler2 ——@© CLKOUT
x [ fxx/32
0
0
fru ";’:: ek, CPU system clock
8 | 5
STOP mode MCM.MCMO PLLCTL.SELPLL 3
foda, | 8 HALT | feru,, cPU core clock
SELCNT4 — ¥ & control|
8MHz {ISEL40 fdl2,
RCM.HRSTOP —Jinternal OSC|
stop control HALT mode
fx
8 MHz bt to /1024, peripheral clocks
internal —1—@ fru
Oscillator
IDLE2 mod:
PCLO froL Divider mede OB_7B.PRSI SELCNTxISELxx
selector e
DLE Y
0] fxez fxe2 UARTDnN, TAAn
PCLM.PCK([1:0] -. 1 1
fxp1/512
0
I frnl8 | , TMMO
L1
SELCNTO.ISELO7
fxp1
IDLE fxc ﬂ CANn
control
SELCNTXISELxx
PRSMO, PRSCMO registers
IDLE1,2 mode
Proscalerd fore . WT, CSIBO
F7oal x/128
1128 e WDT2

Note: OB_7A.bitname and OB7B.bitname describe control bits of option byte 007A,, and 007B,,

Figure 4-1 Block diagram of the Clock Generator

The left-hand side of the figure shows how the four oscillators can be
connected to the CPU and peripheral modules. Software-controlled selectors
allow you to specify the signal paths.

MainOSC The main oscillator (MainOSC) oscillates at frequencies fy =4 MHz to 16 MHz.
After reset release, the main oscillator is stopped. Starting the oscillation must
be set via software.

The main oscillator is equipped with a stop control.
Oscillation of the main clock oscillator is stopped in the STOP mode or
controlled by the PCC register.

SubOSC The sub oscillator (SubOSC) oscillates at a frequency fyt of 32.768 KHz
(crystal connected) or typically 20 KHz with an external RC circuit.

240 KHz internal The low speed internal oscillator generates a clock fg_ with a frequency of
OSC 240 KHz typically. The oscillation can be stopped by means of the RCM
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8 MHz internal OSC

Main system clock
fxx

PLL and SSCG

register. The oscillation cannot be stopped, if this is disabled by option byte
007An.

The high speed internal oscillator generates a clock fgy with a frequency of
typically 8 MHz. After reset release, the 8 MHz internal oscillator is activated.

The high speed internal oscillator is equipped with a stop control. The
oscillation can be stopped by means of the RCM register.

The main system clock fyy can be derived from different sources:

* Clock-through mode: main system clock fyy derived from MainOSC fy or
internal OSC fgy.

* PLL mode, main system clock fyy derived from fp| | o (PLL output) or fsscgo
(SSCG output).

These modes can be selected by the bit PLLCTL.SELPLL.

The PLL and SSCG circuit generates the base frequency fp| |, which can be
used as the main system clock f,. Below figure shows the block diagram of the
PLL and SSCG circuit.

0B_7B.PLLI[1:0] PLLCTLPLLON

\L N
f y | '
f
ol PLL foo IDLE F e
» o (x8) control /“
- !
v IDLE1,2 0B_7B.PLLO —d
mode
N
0
IDLE1,2 mode \u
LLEH; .
4 [k,
SFCO0.SFC07 f

SSCGO|  SSCGCTL

fro [ SSCG
(x 96)

SSCGCTL.SSCGON

SFCO.SFCO[3:2]

SFCO.SFCO[6:4]

Note: OB7B.bitname describe control bits of option byte 007B,,

Figure 4-2 PLL and SSCG block diagram

fpLL can be chosen from the the PLL or the SSCG ouput by a selector,
controlled by SSCGCTL.SELSSCG.
A flash memory option byte allows to chose fp| | = fp | o (fsscco) Or
fxx = fpLLo/2 (fsscao/2) -
Input clock to both PLL and SSCG is the MainOSC f,.
* PLL
The PLL is preceded by a frequency divider. The input of the PLL (fp| ;) can be
set to fy, fx/2, or fy/4. The divider is set through an option byte in the code flash
memory.
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M

Table 4-1

The phase-locked loop circuit (PLL) multiplies the MainOSC clock f, or a
fraction of it by eight. Its input clock is called fp |, its output is fp | o.

The PLL is started or stopped by PLLCTL.PLLON. For details on the PLL see
also “Controlling the PLL" on page 243.

e SSCG

The SSCG input clock fggcg is the MainOSC clock f, or a fraction of it via two
divider stages, controlled by SFC0.SFC07 and SFCO0.SFCO[6:4].

The SSCG multiplies fggcg by 96 and applies additionally a modulation to its
output clock fSSCGO'

The output selector, controlled by SCF0.SCF0[3:2], sets fggcgo to @ half or a
quarter of the SSCG’s output frequency.

System and CPU clocks
The CPU system is clocked by two clocks:

* fygcLk supplies all remaining parts of the CPU system, like DMAC, BCU,
MEMC, INTC.

* fepy is derived from fygck supplies the CPU core and is subject to HALT
mode control.

Clock source for both clocks can be the output of the PLL/SSCG or any of the
oscillators.

The following table gives an overview of the available CPU clock sources.

Clock sources for the CPU

Clock source Frequency Description

8 MHz internal OSC | ~8 MHz Default clock source after reset release.

240 KHz internal ~240 KHz Default clock source if MainOSC has
osC stopped.

SubOSC 32 KHz or 20 KHz | Selectable as clock source.

MainOSC 4to 16 MHz CPU system clocks in clock-through mode

PLL up to 48 MHz? For maximum performance

SSCG up to 48 MHz2? | For reduced EMI

a) The maximum clock is limited to 32 MHz for the following devices:

— VB50ES/FE3

— V850ES/FF3

— yPD70F3374, yPD70F3375 of VB50ES/FG3

— uPD70F3378 of VB850ES/FJ3

The max. SSCG output frequency indicates the case without modulation. If modu-
lation is enabled the average SSCG frequency has to be set lower.

The clock sources MainOSC, PLL/SSCG and 8 MHz internal OSC can
generate the master clock fyyx. This clock forms the input to Prescaler2.

Prescaler2 can divide the master clock fyx by 1, 2, 4, 8, 16 or 32. Its operation
is set in the PCC register.

Prescaler2, the SubOSC, or the 240 KHz internal OSC can generate the CPU
core clock (fcpy) and the CPU system clock (fygc k). The only difference

between fygcLk and fepy is that the latter can be stopped in HALT mode.
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()

Peripheral base
clock fxp1

Prescaler1

3)

Clock for UARTDn,
TAAN

Clock for TMMO

Clock for CANNn

Clock for WT

PCL

CLKOUT

Clock for WDT2

fypcLk is the clock supplied to the DMA, INTC, ROM, and RAM blocks. It is
directly available at the CLKOUT pin.

Peripheral clocks

The middle and right-hand side of Figure 4-1 on page 180 shows how the
clocks for the peripheral modules are generated and distributed.

By use of the SELCNT4.ISEL40 bit either fyx or fxpLL can be selected as the
clock source for the peripheral base clock fyp4. fxppLL is derived from the fixed
PLL frequency fp| Lo (fxmpLL = frLLO ©F fpLLO/2 by a code flash memory option
byte). Therefore the unmodulated fp | o clock can be supplied to the
peripherals even if a modulated fyy clock derived from the SSCG is supplied to
the CPU.

General purpose peripheral clocks are provided by fixed Prescaler1.

This prescaler generates the peripheral clocks (fxp4 to fyp1/1024) to be

supplied to on-chip peripheral functions such as timers, serial interfaces and
A/D Converter.

Special clocks
The Clock Generator provides special clocks for certain peripherals.

This clock can be derived from fyp; or fyps. Both fyp4 and fyps have the same
frequency which is either fyy or fyy /2, depending on the setting of bit PRSI in
the option bytes.

Note that fyp4 stops in all IDLE modes while fyp, stops only in IDLE2 mode.
The timers TAA1 and TAA3 can also be supplied with the SubOSC clock fyr.

Clock source for timer TMM can be any of the oscillators. The selection
between fypq or fgy is made by bit SELCNTO.ISELO7.

The CAN interfaces can be clocked by fypq or by fy¢c, as chosen by a bit in the
SELCNTX register. Select fyc when directly supplying the clock generated by a
clock oscillator to the CAN controller.

After reset, the Watch Timer is clocked by the SubOSC (fy). This can be

changed when the main oscillator has stabilized. WT can then be clocked by
the output of Prescaler3 that supplies also the CSIBO block.

Prescaler3 serves as a baud rate generator. It is controlled by the registers
PRSMO0 and PRSCMO. For details see also “Operation of Prescaler3“ on
page 244.

The Clock Generator has a programmabile clock (PCL) output.This output can
deliver a fraction of fp| g5 (fpgs divided by 4, 8, 16, or 32), which is either fp| |

or fggceo- It is controlled by register PCLM and must be enabled by setting
PCLM.PCLE.

This output provides the CPU system clock fygc k. During the oscillation
stability period, its state becomes Hi-Z.

This is the clock for the Watchdog Timer. The clock for WDT2 is available (and
hence the Watchdog Timer running) as long as the chosen clock source (240
KHz internal OSC or MainOSC) is active.

Note that the WDT2 operation is defined in option byte 007A.

RO1UH0237ED0320 Rev. 3.20 RENESAS 183

User Manual



Chapter 4 Clock Generator
(4) Stand-by control
In the block diagram, you find also boxes labelled “IDLE Control” or “HALT
control”. These boxes symbolize the switches that are used to disable circuits
when the microcontroller enters one of the various power save modes.
For an introduction, see “Power save modes overview* on page 185.
(5) Summary of clock signals
fx: MainOSC clock is input clock to PLL and SSCG
fxr: SubOSC clock
fRL: 240 KHz internal OSC clock
frH: 8 MHz internal OSC clock
[SRRE PLL input clock. Can be fy or a fraction of fy
feLLO: PLL output clock
fsscal SSCG input clock. Can be fy or a fraction of fy
fsscao: SSCG output clock
foLL: PLL or SSCG output clock
fxmpLL: feLLo O fpLL0/2 for fxpy
fxx: Main system clock
fyscLk: CPU system clock
fepu: CPU core clock (same clock as fygcLk, but stops in HALT mode)
fxp1: Peripheral clock 1 (output of Prescaler1, stops in IDLE1 mode)
fxpo: Peripheral clock 2 (same frequency as fyp4, but continues in IDLE1
mode)
fxc: MainOSC clock for CANn interfaces (same frequency as fy, stops in
IDLE1 and IDLE2 mode)
fsc: Sub clock
4.1.2 Clock Monitor
The Clock Monitor supervises the operation of the MainOSC. In case of
malfunction, the Clock Monitor can generate a system reset.
The monitor requires that the built-in 240 KHz internal oscillator is active. For
details see “Operation of the Clock Monitor” on page 245.
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4.1.3

HALT mode

IDLE1 mode

IDLE2 mode

STOP

Subclock operation

Sub-IDLE mode

Power save modes overview

The power consumption of the system can be effectively reduced by using the
stand-by modes and selecting the appropriate mode for the application. The
available stand-by modes are listed below.

The following explanations provide a general overview. For details, please refer
to “Power save modes description” on page 222 and the register descriptions.

Mode in which only the operating clock of the CPU (fcpy) is stopped. All other
clocks remain active.

This mode is entered by executing the HALT instruction. All other power save
modes are entered by setting registers.

This mode allows quick recovery to the normal operating mode, because it is
not necessary to wait for oscillators to be stable or the PLL/SSCG to be locked.

Mode in which all the internal operations of the chip except the oscillators,
PLL/SSCG, and flash memory are stopped. The PLL holds the previous
operating status.

This mode allows quick return to the normal operating mode in response to a
release signal, because it is not necessary to wait for oscillators to settle or the
PLL/SSCG to lock.

Mode in which all the internal operations of the chip except the oscillators are
stopped.

Mode in which all the internal operations of the chip except the Sub oscillator
are stopped.

Mode in which the subclock is used as the CPU system clock fygc k- Subclock
source can be the SubOSC (fyt) or the 240 KHz internal OSC (fg.). The
selection is made by the SUBCLK bit of the option byte 007B,.

A mode that can be entered during subclock operation. All the internal
operations of the chip except the oscillator, PLL/SSCG, and flash memory are
stopped. The PLL holds the previous operating status.
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4.1.4 Start conditions
After securing the setup time of the 8 MHz internal OSC, the CPU begins
program execution. The oscillation stabilization time for the internal oscillator is
ensured by hardware.
The table below shows the state during reset and after reset release.
Table 4-2 Oscillation during reset period or after reset release
Item During the reset period After releasing reset
MainOSC (fy) Stopped

SubOSC (fy7)

Continues oscillation

(and fractions thereof),
fxp2

240 KHz internal-OSC Stopped Starts oscillation

(frL)

8 MHz internal-OSC (fry) | Stopped Starts oscillation

PLL (fpLL0) Stopped

SSCG (fSSCGO) Stopped

CPU system clock Stopped Starts operation on 8 MHz internal OSC fgy after
(fvecLk) internal OSC is stable.

Peripheral clocks fyp1 Stopped Starts operation on 8 MHz internal OSC fgy after

internal OSC is stable.

Programmable clock
output PCL (fPCL)

Disabled (low level)

System clock output
CLKOUT (fygcLk)

Stopped

Output of 8 MHz internal oscillator gy after internal
oscillator is stable. Must be enabled by software.
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4.2 Clock Generator Registers

The Clock Generator is controlled and operated by means of the following
registers (the list is sorted according to memory allocation):

Table 4-3 Clock Generator register overview

Write-
Register name Shortcut | Address protected
by register

Power save control register PSC FFFF F1FE, | PRCMD
Selector control register 0 SELCNTO | FFFF F308y

Selector control register 1 SELCNT1 | FFFF F30AyH

Selector control register 2 SELCNT2 | FFFF F30Cy

Selector control register 3 SELCNT3 | FFFF F30Ey

Selector control register 4 SELCNT4 | FFFF F3F8y

Selector control register 5 SELCNT5 | FFFF F3FAy

SSCG control register SSCGCTL | FFFF F3F0y

SSCG frequency control register 0 SFCO FFFF F3F14

SSCG frequency control register 1 SFC1 FFFF F3F2,
Oscillation stabilization time select register | OSTS FFFF F6COy

PLL lockup time specification register PLLS FFFF F6C1y
Oscillation stabilization timer status register | OSTC FFFF FeC2y

Internal oscillator mode register RCM FFFF F80Cy

Power save mode control register PSMR FFFF F820y

PLL lock status register LOCKR FFFF F824y
Processor clock control register PCC FFFF F828, | PRCMD
PLL control register PLLCTL | FFFF F82Cy

CPU operation clock status register CCLS FFFF F82Ey
Programmable clock mode register PCLM FFFF F82Fy

Main system clock mode register MCM FFFF F860y | PRCMD
Clock Monitor mode register CLM FFFF F8704 | PRCMD
Prescaler3 mode register PRSMO FFFF F8B0yY
Prescaler3 compare register PRSCMO | FFFF F8B1y

Note 1. Some registers are write-protected to avoid inadvertent changes. Data can
be written to these registers only in a special sequence of instructions, so
that the register contents is not easily rewritten in case of a program hang-
up.

Writing to a protected register is only possible immediately after writing to
the associated write protection register. For details please refer to “CPU
System Functions” on page 155.

2. In addition to the registers, control bits must be set in the code flash
memory option bytes. For details see “Option Bytes” on page 215.
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The subsequent register descriptions are grouped as follows:

General clock generator registers:

— “CCLS - CPU operation clock status register” on page 189

— “MCM - Main system clock mode register” on page 190

— “OSTC - Oscillation stabilization timer status register” on page 191
— “OSTS - Oscillation stabilization time select register” on page 192
— “PCC - Processor clock control register” on page 194

— “PCLM - Programmable clock mode register” on page 197

PLL control registers:

— “LOCKR - PLL lock status register” on page 199

— “PLLCTL - PLL control register” on page 200

— “PLLS - PLL lockup time specification register” on page 201
SSCG control registers

— “SSCGCTL - SSCQG control register” on page 202

— “SFCO0 - S5CG frequency control register 0“ on page 203

— “SFC1 - SSCG frequency control register 1“ on page 204
Stand-by control registers

— “PSC - Power save control register” on page 205

— “PSMR - Power save mode control register” on page 206
Prescaler3 control registers:

— “PRSMO - Prescaler3 mode register” on page 207

— “PRSCMO - Prescaler3 compare register” on page 208

Clock Monitor registers:

— “CLM - Main oscillator Clock Monitor mode register” on page 208
Selector control registers:

— “SELCNTO - Selector control register 0“ on page 209

— “SELCNTT1 - Selector control register 1“ on page 210

— “SELCNT2 - Selector control register 2“ on page 211

— “SELCNTS3 - Selector control register 3“ on page 212

— “SELCNT4 - Selector control register 4“ on page 213

— “SELCNTS - Selector control register 5 on page 214

RO1UH0237ED0320 Rev. 3.20 RENESAS 188

User Manual



Chapter 4 Clock Generator

4.2.1 General Clock Generator registers

The general clock generator registers control and reflect the operation of the
clock generator.

(1) CCLS - CPU operation clock status register
The CCLS register indicates the CPU operation clock status..

Access This register can be read in 1-bit or 8-bit units.
Address FFFF F82E.

Initial Value 00y. The register is initialized by any reset.

1 0
CcCLS | 0 \ 0 \ 0 \ 0 \ 0 \ 0 \ 0 | CCLSF |
R R R R R R R R

Table 4-4 CCLS register contents

Bit position | Bit name Function

0 CCLSF | CPU operating clock status:
0: Operates on main system clock fyy or subclock fgc?.
1: Operates on 240 KHz internal oscillator fg, .

a)

Subclock fg¢ is either fyt or fz, depending on SUBCLK bit of option byte 007B.

Note If the Watchdog Timer WDT2 overflows before the oscillation stabilization time
of the MainOSC has elapsed, this is judged as an abnormal oscillation of the
MainOSC fy. Thus the CPU system clock fygck is changed to internal
oscillator fgy .
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(2) MCM - Main system clock mode register
The 8-bit MCM register specifies the main system clock (fxx) source in clock-
through mode and informs about its status.
Access This register can be read/written in 1-bit or 8-bit units.
Writing to this register is protected by a special sequence of instructions.
Please refer to “CPU System Functions” on page 155 for details.
Address FFFF F860y.
Initial Value 00y. The register is initialized by any reset.
2 1 0
mem [ o | o | o | o | o | o | mcs [ mocmo |
R R R R R R/W
Table 4-5 MCM register contents
B.'t. Bit name Function
position
1 MCS Status of the main system clock fyy (in clock-through mode, if PLLCTL.SELPLL = 0):
0: Operating on 8 MHz internal oscillator clock fry.
1: Operating on MainOSC clock fy.
0 MCMO Clock selection of main system clock fyy:
0: Clock source is the 8 MHz internal oscillator fgy (in clock-through mode).
1: Clock source is
— MainOSC fy (in clock-through mode, if PLLCTL.SELPLL = 0)
— PLL output fp | (in PLL mode, if PLLCTL.SELPLL = 1)
Caution: 1. When the oscillation of a previous clock switch is not steady, rewriting
of this bit is prohibited.
2. The MCMO can be set to 0 only, if the current mode is clock-through,
i.e. PLLCTL.SELPLL = 0. Do not change from PLL mode or subclock
operation mode directly to 8 MHz internal oscillator clock-through
mode or vice versa.
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(8) OSTC - Oscillation stabilization timer status register
The 8-bit OSTC register indicates the status of the main oscillator.
Access This register is read-only.

This register can be read in 1-bit and 8-bit units

Address FFFF F6C2,.

Initial Value 00y. The register is initialized by any reset.
1 0
osTC | | | | | | o | o [ wmsts |
R R
Table 4-6 OSTC register contents
B't Bit name Function
position
0 MSTS Oscillation stabilization status of MainOSC:
0: MainOSC stopped or waiting for oscillation stabilization.
1: MainOSC oscillation stabilization ended.

Remarks 1. The OSTC register does not monitor the main clock status but indicates
the process status, based on the oscillation stabilization time specified by
the OSTS register.

2. When the main clock oscillator is stopped by the software (PCC.MCK bit
= 1) or entered into STOP mode, the OSTC register is set to 004. Ifitis
stopped due to abnormal oscillation, the status is maintained.
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(4) OSTS - Oscillation stabilization time select register

The 8-bit OSTS register specifies the oscillation stabilization time following
reset release or release of the STOP mode.

The oscillation stabilization time and setup time are required when the STOP
mode and IDLE mode are released, respectively.

Access This register can be read/written in 8-bit units.
Address FFFF F6CO.

Initial Value 06y. The register is initialized by any reset.
5 4 3 2 1 0

OSTS | 0 \ 0 \ 0 \ 0STS4 \ 0STS3 \ 0STS2 \ OSTST | OSTSO |
R/IW R/IW RIW RIW RIW

Table 4-7 OSTS register contents

posBiittion Bit name Function
Selection of oscillation stabilization time and setup time:
OSTS4? | OSTS3 | OSTS2 | OSTS1 | OSTSO | Oscillation stabilization time®

0 0 0 0 0 210/ix
0 0 0 0 1 21/x
0 0 0 1 0 212/fx
0 0 0 1 1 213/tx
0 0 1 0 0 214/x
0 0 1 0 1 215/fx
0 0 1 1 0 216/ix
0 0 1 1 1 217 ffx
0 1 0 0 0 218/tx
0 1 0 0 1 21%x

4100 | OSTS[4:0] 0 1 0 1 0 220/
0 1 0 1 1 221/tx
1 0 0 0 X Setting prohibited
1 0 0 0 24/fx
1 0 0 1 1 25/fx
1 0 1 0 0 25/fx
1 0 1 0 1 27/fx
1 0 1 1 0 28/#x
1 0 1 1 1 2%x
1 1 0 0 0 21%4x
1 1 0 0 1 21/x
1 1 0 1 0 212/tx
1 1 0 1 1 213/¢x

a) Bit OSTS4 is only valid during IDLE2 mode release. In case of shifting to the STOP mode at OSTS4 bit = 1,
the oscillation stabilization time after STOP mode release is the set period of the OSTS3-0 bits (OSTS4 bit is
considered as 0).

b) For minimum oscillation stabilization / setup times refer to the Datasheet.
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Note 1. When IDLE2 mode is released, set the stabilization time to the following
requirements:

— In case of PLL mode: PLL lockup time requirements
— In case of clock-through mode: flash set up time requirement
For the exact timing values, refer to the Datasheet.

2. When STOP mode is released, set the stabilization time to the following
requirements:

— In case of PLL mode: PLL lockup time requirement
— In case of clock-through mode:flash set up time requirement
For the exact timing values, refer to the Datasheet.

3. If the required oscillation stabilization time of the MainOSC exceeds the
above times, set the value to the required oscillation stabilization time of
the MainOSC.
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(5) PCC - Processor clock control register
The 8-bit PCC register controls the CPU system clock fygc k-

Access This register can be read/written in 1-bit and 8-bit units.

Writing to this register is protected by a special sequence of instructions.
Please refer to “CPU System Functions” on page 155 for details.

Address FFFF F828.

Initial Value 40y. The register is initialized by any reset.

7 6 5 4 3 2 1 0
PCC | FRC ‘ MCK ‘ MFRC ‘ CLS ‘ CK3 ‘ CK2 \ CK1 | CKO |
R/W R/W R/W R RIW R/IW R/IW R/W

Table 4-8 PCC register contents (1/2)

Bit

- Bit name Function
position

7 FRC Use of built-in Sub oscillator feedback resistor:
0: Feedback resistor connected.
1: Feedback resistor not connected.

6 MCK Operation of MainOSC:
0: Oscillation enabled.
1: Oscillation stopped.

Note: 1. When the MCK bit is set to 1 while the system is operating with the main
system clock as the CPU clock, the operation of the main system clock
does not stop. It stops after the CPU clock has been changed to the
subclock.

2. When the main system clock is stopped and the device is operating on
the subclock, clear the MCK bit to 0 and wait until the oscillation
stabilization time has elapsed before switching back to the main system
clock.

5 MFRC Use of main oscillator on-chip feedback resistor:
0: Feedback resistor connected.
1: Feedback resistor not connected.

4 CLS Status of CPU system clock fygc:
0: Main system clock fyy operation.
1: Subclock fgc operation.
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Table 4-8 PCC register contents (2/2)
posBiittion Bit name Function
3t00 CKI[3:0] Clock selection:

CK3 CK2 CK1 CKO Clock selection
0 0 0 0 fyx
0 0 0 1 fyx/2
0 0 1 0 fyx/4
0 0 1 1 fyx/8
0 1 0 0 fyx/16
0 1 0 1 fyx/32
0 1 1 X Setting prohibited
1 x X X Subclock fgg (fyt or fr )2

Note: 1. Do not change the CPU clock (by using the CK[3:0] bits) while CLKOUT is

being output.

2. Use a bit manipulation instruction to manipulate the CK3 bit. When using
an 8-bit manipulation instruction to change the CK3 bit, do not change the
set values of the CK[2:0] bits simultaneously.

) Preset in option byte 007B.

main to subclock

Examples:

1.

Confirmation of operating clock: Confirm that the current clock is in main
clock (MCS = 1). Switching from the high speed internal oscillator clock
operation to low-speed internal oscillator clock operation is prohibited. In
the high-speed internal oscillation clock operation (MCS = 0), set the
MCM.MCMO bit = 1 and then confirm that the MCM.MCMO bit = 1 again.

Confirmation of CPU clock (fcpy) frequency:

Confirm that fopy satisfies either of the following conditions.

* When OB7B.SUBLCK = 0, fcpy > subclock oscillation frequency (fxT)
(32.768 kHz) x 4

* When OB7B.SUBCLK = 1, fcpy > low-speed internal oscillation clock
frequency (fr.) (TYP.240 kHz) x 4

If the above conditions are not satisfied, change the CK2 to CKO bits set-
ting so as to satisfy the condition. At this time, do not change the CKS3 bit.

Setting the CKS bit to “1”: Set via bit manipulation instruction. Do not
change the CK2-CKaO bits.

Subclock operation: The maximum time required for switching to subclock
operation or to low-speed internal oscillation clock operation after the CK3
bit is set to 1, is as follows:

* When OB7B.SUBCLK = 0: 1/ Subclock oscillation frequency (fxt)

* When OB7B.SUBCLK = 1: 1 / low-speed internal oscillation frequency
(fro)

Read the CLS bit and confirm that the operation has been switched to the
subclock or low-speed internal oscillation operation.

Setting the MCK bit to "1": Set the MCK bit = 1 to stop the main oscillator
operation.

Caution: Stop PLL/SSCG before stopping the main oscillator operation. In
addition, stop the operation of internal peripheral functions which operate
at the main clock frequency.
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subclock to main

1.

Setting the MCK bit to "0": Enables main clock oscillation.

Software wait: Insert wait status via program to wait until the oscillation
stabilization time of the main clock oscillator (OSTC.MSTS = 1) is elapsed.
Setting the CK3 bit to "0": Set via a bit manipulation instruction. Do not
change the CK2 to CKO bits.

Main clock operation: The maximum time required for switching to the main
clock operation which is specified by the CK2 to CKO bits after the CK3 bit
is set, is as follows.

* When OB7B.SUBCLK = 0: 1/ Subclock oscillation frequency (fxt)

* When OB7B.SUBCLK = 1: 1 / low-speed internal oscillation frequency
(fro)

Read the CLS bit and confirm that the operation has been switched to the
main clock operation.

Caution Do not change to a different clock selection until the previous one has entered
a stable status.
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(6) PCLM - Programmable clock mode register
The 8-bit PCLM register specifies the setting the programmable clock output
PCL.
Access This register can be read/written in 1-bit or 8-bit units.
Address FFFF F82F.
Initial Value 00y. The register is initialized by any reset.
5 4 3 2 1 0
PCLM | | | o [Pole | o | o | pcki | pcko |
R/W R/W R/W
Table 4-9 PCLM register contents
B't Bit name Function
position
4 PCLE PCL enable:
0: PCL disabled (PCL pin is fixed to low level).
1: PCL enabled.
1to0 PCK[1:0] | PCL clock frequency selection:
PCK1 PCKO PCL output clock

0 0 feoL=frLLo/4

0 1 fecL=feLL0/8

1 0 fecL=fpLL0/16

1 1 frcL=fpLL0/32

Note A PCL clock is only output when the PLL is in locked status.
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@

RCM - Internal oscillator mode register

The 8-bit RCM register specifies the operation and informs about the status of
the low-speed and high-speed internal oscillators.

Access This register can be read/written in 1-bit or 8-bit units.
Address FFFF F80C.
Initial Value 80y. The register is initialized by any reset.
7 6 5 4 3 2 1 0
RCM | RsTs | o | o | o | o | o |HRSTOP|RSTOP |
R R R R R R R/W R/W
Table 4-10 RCM register contents
B.'t. Bit name Function
position
7 RSTS Oscillation stability status of 8 MHz internal oscillator:
0: 8 MHz internal oscillator stopped or waiting for oscillation stability.
1: 8 MHz internal oscillator operating.
1 HRSTOP | Operation/stop of 8 MHz internal oscillator:
0: 8 MHz internal oscillator operating.
1: 8 MHz internal oscillator stopped.
Caution: When the CPU clock source is the 8 MHz internal oscillator, do not set this
bit to 1.
0 RSTOP Operation/stop of 240 KHz internal oscillator:
0: 240 KHz internal oscillator operating.
1: 240 KHz internal oscillator stopped.
Note: Setting this bit is ignored if bit RMOPIN of option byte 007A is set.
Caution: When the CPU clock source is the 240 KHz internal oscillator, do not set
this bit to 1.
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4.2.2 PLL control registers

The PLL registers control and reflect the operation of the PLL.

(1) LOCKR - PLL lock status register

Phase lock occurs at a given frequency following power application or
immediately after the STOP mode is released, and the time required for
stabilization is the lockup time (frequency stabilization time). This time until
stabilization is called the lockup status, and the stabilized state is called the
locked status.

The lock register LOCKR includes a LOCK bit that reflects the PLL frequency
stabilization status.

Access This register is read-only, in 8-bit or 1-bit units.

Address FFFF F824.

Initial Value 01y. The register is initialized by any reset.

1 0
LOCKR | 0 \ 0 \ 0 \ 0 \ 0 \ 0 \ 0 |LOCK|
R R

Table 4-11 LOCKR register contents

B.'t. Bit name Function
position
0 LOCK PLL lock status check:

0: Locked status.
1: Unlocked status.

The LOCK register does not reflect the lock status of the PLL in real time. The
set/reset conditions are as follows:

Set conditions ¢ Upon system reset. This register is set to 01y by reset and cleared to 00y
after the reset has been released and the oscillation stabilization time has
elapsed.

¢ In STOP and IDLE2 mode.
¢ Upon setting the PLL to stop (clearing bit PLLCTL.PLLON).

¢ Upon stopping the main system clock and using the CPU with subclock
(setting bits PCC.CK3 and PCC.MCK to 1).

After reset release and overflow of oscillation stabilization time counter
(OSTS register default time).

* When bit PLLCTL.PLLON is changed from 0 to 1 after PLL lockup timer
overflow (time set by PLLS register).

Clear conditions

¢ After STOP mode release and oscillation stabilization time counter overflow
(time set by OSTS register), when the STOP mode was set while the PLL
was in PLL mode.

o After IDLE2 mode release and oscillation stabilization timer overflow (time
set by OSTS register), when the IDLE2 mode was set while the PLL was in

PLL mode.
Note The PLL can enter the locked status only, if the MainOSC is enabled, i.e.
PCC.MCLK = 0.
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(2) PLLCTL - PLL control register
The 8-bit PLLCTL register controls the PLL function.
Access This register can be read or written in 8-bit or 1-bit units.

Address FFFF F82C,.

Initial Value 00y. The register is initialized by any reset.

2 1 0
PLLCTL | 0 \ 0 \ 0 \ 0 \ 0 \ 0 ‘SELPLLl PLLON |
RIW RIW

Table 4-12 PLLCTL register contents

Bit

ies Bit name Function
position

1 SELPLL | Main system clock fyx mode selection:

0: Clock-through mode (fyy is MainOSC fy or 8 MHz internal oscillator fg clock,
depending on MCM.MCMO).

1: PLL mode (fxy is PLL output fp;, if MCM.MCMO = 1 as well).

0 PLLON Control of PLL operation/stop:

0: PLL stopped.

1: PLL started.

(After PLL operation starts, a lockup time is required for frequency stabilization).

Note 1. The SELPLL bit can be set to 1 only
—if the PLL clock frequency has stabilized

—and current mode is clock-through with MainOSC fy as main system clock
fxx, i.e. MCM.MCMO = 1

If the PLL is unlocked or MCM.MCMO = 0 (clock-through mode with
internal oscillator fgy), SELPLL can not be changed to 1. Thus you can not

change from 8 MHz internl oscillator clock-through mode directly to PLL
mode.

2. When the PLLON bit is cleared to 0, the SELPLL bit is automatically
cleared to 0 (clock-through mode).

3. When the PLLON bit = 1 and the main clock is stopped, PLL stops the
operation.
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(3) PLLS - PLL lockup time specification register
The 8-bit PLLS register specifies the settling time of the PLL.
Access This register can be read/written in 8-bit units.
Address FFFF F6C1.
Initial Value 03y. The register is initialized by any reset.
6 5 3 2 1 0
PLLS | o [ o | o | | o [ pus2 | pust | Puso |
R R R R R/W R/W R/W
Table 4-13 PLLS register contents
B't Bit name Function
position
2t00 PLLS[2:0] | PLL lockup time selection:
PLLS2 PLLS1 PLLSO Lockup time
0 1 0 2'%/y
0 1 1 2"3/fy (default value)
1 0 0 2%y

Note

Caution

For the exact lockup time, refer to the Datasheet.

Do not change the setting of the PPLS register during the PLL lock-up time.
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4.2.3 SSCG control registers
This section describes the registers used for controlling the Spread Spectrum
Clock Generator SSCG.
(1) SSCGCTL - SSCG control register
The 8-bit SSCGCTL register controls the SSCG operation and the source
select the fp | clock.
Access This register can be read/written in 8-bit or 1-bit units.
Address FFFF F3FO0y.
Initial Value 00y. The register is initialized by any reset.
7 6 5 4 3 2 1 0
sscG | o | o | o | o | o | o [sessce|ssccon|
R R R R R R R/W R/W
Table 4-14 SSCGCTL register contents
B't Bit name Function
position
1 SELSSCG |PLL/SSCG output clock selection:
0: PLL output selected (fp_ | = fp Lo OF fpLL0/2)
1: SSCG output selected (fp| = fsgcao OF fsscao/2)
0 SSCGON |SSCG enable/disable control
0: SSCG disabled/stopped
1: SSCG enabled
Note 1. The SSCG output clock can only be selected (SELSSCG = 1), if the SSCG

SSCG start-up

is enabled (SSCGON = 1).

2. The clock selection is automatically set to PLL clock (SELSSCG = 0) if the
SSCG is stopped (SSCGON = 0).

3. Ifthe PLL is disabled (PLLCTL.PLLON bit = 0) or the MainOSC clock f,
stops, the SSCG stops operating.

When the SSCG is started a SSCG lock-up time is needed: This can be

assured by any of the following implementations:

1. Write the required PLL and SSCG lock-up time to the PLLS register and
set the PLLCLTL.PLLON = 1 after setting SSCGCTL.SSCGON = 1.

2. Count the lock-up time of the SSCG by software after setting the
SSCGON = 1 (PLL must be enabled before).

3. Set twice or more of the required PLL and SSCG lock-up time to the OSTS
register.

Caution 1. The default value “0” of bit 7 of the SSCGCTL register must not be altered.
2. The SELSSCG bit must only be written if the PLL is disabled or locked.
3. Secure a setup time for at least 1 us via software after the SFC0 and SFC1
registers are set and until the SSCGON bit is changed from 0 to 1.
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(2) SFCO - SSCG frequency control register 0
The 8-bit SFCO register controls the frequency multiplication of the SSCG. It
determines the SSCG output frequency fsscgo-
Access This register can be read/written in 8-bit or 1-bit units.
Writing to this register is protected by a special sequence of instructions.
Please refer to “CPU System Functions” on page 155 for details.
Address FFFF F3F1y.
Initial Value 00y. The register is initialized by any reset.
7 6 5 4 3 2 1 0
SFCo | sFco7 | sFcoe | sFcos | sFcos | sFcos | sFco2 | sFcot | sFcoo |
R/W R/W R/W R/W R/W R/W R/W R/W
Note This register can only be written when the SSCG enable bit

SSCGCTL.SSCGON is cleared and the SSCG is safely switched off.
Please refer to “SSCGCTL - SSCG control register” on page 202 for additional
information.

Table 4-15 SFCO register contents

posBiittion Bit name Function
7 SFCO07 SSCG input frequency divider selector:
0: fsscal = fx
1: fsscal = /2
6to4 SFCO[6:4] | SSCG input clock divider selector
SFC06 SFC05 SFC04 SSCG input clock fpgp
0 0 0 fsscai
0 0 1 fsscal/2
0 1 0 fsscai/3
0 1 1 fsscai/4
1 0 0 fsscai/®
1 0 1 fssca/6
1 1 0 fsscal/7
1 1 1 fsscai/8
3to2 SFCO0[3:2] | SSCG output clock divider selector
SFCO03 SFC02 SSCG output clock divider
0 0 prohibited
0 1 Division by 2
1 0 Division by 4
1 1 prohibited
1to0 SFCO[1:0] | SSCG input frequency range specification selector
SFCO1 SFCO00 SSCG frequency range specification
0 0 0.87MHz < fpgp < 1.00MHz
0 1 1.00MHz < fppp < 1.22MHz
1 0 1.22MHz < fppp < 1.45MHz
1 1 1.45MHz < fppp < 1.74MHz
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(3) SFC1 - SSCG frequency control register 1

The 8-bit SFC1 register controls the frequency modulation of the SSCG in
dithering mode.

Access This register can be read/written in 8-bit or 1-bit units.

Writing to this register is protected by a special sequence of instructions.
Please refer to “CPU System Functions” on page 155 for details.

Address FFFF F3F2,.

Initial Value 00y. The register is initialized by any reset.

7 6 5 4 3 2 1 0
SFC1 | SFC17 \ SFC16 \ SFC15 \ SFC14 \ 0 \ 0 \ SFC11 | SFC10 |
RIW RIW R/W RW R R RIW RIW

Note This register can only be written when the SSCG enable bit
SSCGCTL.SSCGON is cleared and the SSCG is safely switched off.
Please refer to “SSCGCTL - SSCG control register” on page 202 for additional
information.

Table 4-16 SFC1 register contents

Bit position | Bit name Function
7 SFC17 | Frequency modulation enable control:
0: Modulation disabled
1: Modulation enabled
6to4 SFC1[6:4] | Frequency modulation range control:
SFC16 SFC15 SFC14 FM range
0 0 0 + 0.5 % (typical value)
0 0 1 + 1.0 % (typical value)
0 1 0 + 2.0 % (typical value)
0 1 1 + 3.0 % (typical value)
1 0 0 + 4.0 % (typical value)
1 0 1 + 5.0 % (typical value)
other settings prohibited
1to0 SFC1[1:0] | Frequency modulation frequency control:
SFC11 SFC10 Modulation frequency
0 0 40 KHz (typical value)
0 1 50 KHz (typical value)
1 0 60 KHz (typical value)
1 1 prohibited

Note The given modulation ranges and frequencies are typical values. Refer also to
the related chapter in the Datasheet.

In dithering mode, the SSCG output frequency fggcg varies according to the
FM range, specified by SFC1[6:4], around it’s center value:

fssca = fsscac * (FM range)

The time of one full cycle is given by the period of the modulation frequency
specified in SFC1[1:0].
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1)

Access

Address

Initial Value

PSC

Table 4-17

Stand-by control registers

These registers control and reflect the various stand-by modes that can be
entered for saving power.

PSC - Power save control register

The 8-bit PSC register controls the stand-by function. The STP bit of this
register specifies the stand-by mode.

This register can be read/written in 8-bit or 1-bit units.

Writing to this register is protected by a special sequence of instructions.
Please refer to “Write Protected Registers® on page 176 for details.

FFFF F1FE.

00y. The register is initialized by any reset.

7 6 5 4 3 2 1

| 0 ‘NMHM‘NMIOM‘INTM‘ 0 \ 0 ‘STPl 0 |

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

PSC register contents

Bit

position EhE e

Function

6 NMI1M

Stand-by mode release control by occurrence of INTWDT2 signal:
0: Enable releasing stand-by mode by INTWDT2 signal.
1: Disable releasing stand-by mode by INTWDT2 signal.

5 NMIOM

Stand-by mode release control by NMI pin input:
0: Enable releasing stand-by mode by NMI pin input.
1: Disable releasing stand-by mode by NMI pin input.

4 INTM

Stand-by mode release control by maskable interrupt request signal:
0: Enable releasing stand-by mode by maskable interrupt request signal.
1: Disable releasing stand-by mode by maskable interrupt request signal.

1 STP

Setting of stand-by mode:
0: Normal mode.
1: Stand-by mode.
Note: 1. Stand-by modes that can be set by the STP bit: IDLE1 mode, IDLE2
mode, STOP mode, and sub-IDLE mode.

2. Before setting this bit, set the bits PSMR.PSM[1:0].

Caution

When writing to this register, follow the instructions given in “CPU System
Functions®on page 155.

Entering a power save mode requires some attention, refer to ““Power save
mode activation on page 241

Entering a power save mode requires special attention, refer to “Power save
mode activation® on page 241.
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(2) PSMR - Power save mode control register
The 8-bit PSMR register is used to specify one of the power save modes. The
setting becomes effective when the mode is entered by setting PSC.STP to 1.
Access This register can be read/written in 1-bit or 8-bit units.
Address FFFF F8204.
Initial Value 00y. The register is initialized by any reset.
2 1 0
psMR | o | o | o | o | o | o | Psmt [ pswo |
R R R R R R R/W R/W
Table 4-18 PSMR register contents
B't Bit name Function
position
1to0 PSM[1:0] | Specification of operation in software stand-by mode:
PSMA1 PSMO Power save mode
0 0 IDLE1 mode
0 1 STOP mode
1 0 IDLE2 mode or sub-IDLE mode?
1 1 STOP mode
Note: The PSMO0 and PSM1 bits take effect after PSC.STP = 1.

)  Sub-IDLE mode is entered if the processor is in subclock mode (clocked by fy or fgy ).

For information on these modes, refer to “Power save modes description“on
page 222.
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4.2.5 Prescaler3 control registers
These registers control the Prescaler3 that generates fgrg which can be
applied to the Watch Timer and the Clocked Serial Interface CSIBO. Prescaler3
includes a clock divider, a counter, and a comparator. For details see
“Operation of Prescaler3“ on page 244.
(1) PRSMO - Prescaler3 mode register
The PRSMO register controls the Prescaler3 operation.
Access This register can be read/written in 8-bit units.
Address FFFF F8BO.
Initial Value 00y. This register is cleared by any reset.
5 4 3 2 1 0
PRSMO | o | o | o |[Beceo| o | o [Bacsor|BGesoo|
R R R R/W R R R/W R/W
Table 4-19 PRSMO register contents
B't Bit name Function
position
4 BGCEO Prescaler3 output:
0: Disabled.
1: Enabled.
1to0 BGCSO0[1:0] | Selection of counter clock:
BGCS01 | BGCS00 Prescaler clock selection
0 0 fy
0 1 fy /2
1 0 fy /4
1 1 fy /8
Note 1. Do not change the values of BGCSO0[1:0] during Watch Timer operation.
2. Set the BGCSO0[1:0] bits before setting the BGCEO bit to 1.
3. Set the PRSMO0 and PRSCMO registers according to the main clock
frequency that is used to obtain an fgrg frequency of 32,768 KHz.
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(2) PRSCMO - Prescaler3 compare register
The PRSCMO register specifies the compare value and hence the output
frequency of fgrg.
Access This register can be read/written in 8-bit units.
Address FFFF F8B1.
Initial Value 00y. This register is cleared by any reset.
7 6 5 4 3 2 1 0
PRSCMO0  [PRSCM7 |PRSCM6 | PRSCMS | PRSCM4 | PRSCM3 | PRSCM2 [ PRSCM1 [ PRSCMO |
R/W R/W R/W R/W R/W R/W R/W R/W
Note 1. Do not rewrite the PRSCMO register during Watch Timer operation.
2. Set the PRSMO0 and PRSCMO registers according to the main clock
frequency that is used to obtain an fgrg frequency of 32,768 KHz.
For details and a calculation example, please refer to “Operation of Prescaler3“
on page 244.
4.2.6 Clock Monitor control registers
These registers control and reflect the operation of the Clock Monitor.
(1) CLM - Main oscillator Clock Monitor mode register
The 8-bit CLM register is used to enable the monitor for the main oscillator
clock.
Access This register can be read/written in 8-bit or 1-bit units.
Writing to this register is protected by a special sequence of instructions.
Please refer to “CPU System Functions*” on page 155 for details.
Address FFFF F870.
Initial Value 00y. This register is cleared by any reset.
2 1 0
cm | | | | | o | o | o [ ocwme |
R R/W
Table 4-20 CLM register contents
B't Bit name Function
position
0 CLME Clock Monitor enable:
0: Clock Monitor for main oscillator disabled.
1: Clock Monitor for main oscillator enabled.
This bit can only be cleared by reset.
Note 1. CLM.CLME can be set at any time. However, the Clock Monitor is only

activated after the main oscillator has stabilized, indicated by OSTC.MSTS
=1.

2. When reset is generated by the clock monitor, CLM.CLME is cleared to 0
and RESF.CLMRF is set to 1.
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4.2.7 Selector control registers
These registers are used to select the clocks and functions of timers TAAn,
TMMO and serial interfaces UARTDn, CANN.

Note In this section, only the bits that refer to clock generation and distribution are
described. For further information please refer to the descriptions of the on-
chip peripherals.

(1) SELCNTO - Selector control register 0
The 8-bit SELCNTO register is used to specify the clock for timer TMMO.
Access This register can be read/written in 8-bit or 1-bit units.
Address FFFF F308y.
Initial Value 00y. The register is initialized by any reset.
e VB850ES/FE3
e VB850ES/FF3
7 6 5 4 3 2 1 0
SELCNTO [isero7 | o | o |[1sELo4 | I1sELos | 1SEL02 | 0 | ISELOO |
R/W R R R/W R/W R/W R R/W
e pyPD70F3374, yPD70F3375 of VB50ES/FG3
* uPD70F3378 of VB50ES/FJ3
7 6 5 4 3 2 1 0
SELCNTO [IsELo7 [ o | IsELos | ISEL04 | ISEL03 | ISELO2 | ISELOT | ISELOO |
R/W R R/W R/W R/W R/W R/W R/W
e uPD70F3376A, uyPD70F3377A of VB50ES/FG3
e uPD70F3379, yPD70F3380, pPD70F3381, yPD70F3382 of V850ES/FJ3
* V850ES/FK3
7 6 5 4 3 2 1 0
SELCNTO [ 1sELo7 | 1SEL06 | ISELO5 | 1SELO4 | ISELOS | ISELO2 | ISELOT | ISELOO |
R/W R/W R/W R/W R/W R/W R/W R/W
Note “R” bits marked with “0” must not be changed from their default value “0”.
Table 4-21 SELCNTO register contents
B't Bit name Function
position
7 ISELO7 Selection of count clock for TMMO:
0: Clock = fyp¢/512.
1: Clock = fRH/8'
6100 ISELO[6 :0] | Refer to TAAN chapter:“SELCNTO - Selector control register 0“ on page 408
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(2) SELCNT1 - Selector control register 1
The 8-bit SELCNT1 register is used to specify the clock for UARTDS5 and
CAN2, CANS.
Access This register can be read/written in 8-bit or 1-bit units.
Address FFFF F30Ay.
Initial Value 00y. The register is initialized by any reset.
e uPD70F3378, uyPD70F3379, yPD70F3380, uPD70F3381, yPD70F3382 of
VB850ES/FJ3
* V850ES/FK3
7 6 5 4 3 2 1 0
SELCNT1 [ o | o [isEL152|isEL142 | ISEL13 | ISEL12? | ISEL112 | ISEL10 |
R R R/W R/W R/W R/W R/W R/W

a)

Note

Not available on yPD70F3378

“R” bits marked with “0” must not be changed from their default value “0”.

Table 4-22 SELCNT1 register contents

B.'t. Bit name Function
position
5 ISEL15 Selection of UARTD5 clock:
0: Clock = fyp¢. The clock that stops in the IDLE1 mode.
1: Clock = fypo. The clock that does not stop in the IDLE1 mode.
4 ISEL14 Selection of CAN3 clock:
0: Clock = fXP1 .
1: Clock = fyc.
3 ISEL13 Selection of CAN2 clock:
0: Clock = fxp1.
1: Clock = fxc.
2t00 ISEL1[2:0] | Refer to TAAn chapter: “SELCNTT1 - Selector control register 1“ on page 409
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(83) SELCNT2 - Selector control register 2

The 8-bit SELCNT2 register is used to specify the clock for UARTDO, UARTD1,
CANO and TAAN.

Access This register can be read/written in 8-bit or 1-bit units.
Address FFFF F30C.
Initial Value 00y. The register is initialized by any reset.
7 6 5 4 3 2 1 0

SELCNT2 | ISEL27 | ISEL26 | ISEL25 | ISEL24 | ISEL23 | ISEL22 | ISEL21 | ISEL20 |
R/W R/W R/W R/W RIW R/IW RIW R/IW

Table 4-23 SELCNT2 register contents

B.'t. Bit name Function
position

7 ISEL27 Selection of UARTD1 clock:
0: Clock = fyp4. The clock that stops in the IDLE1 mode.
1: Clock = fyps. The clock that does not stop in the IDLE1 mode.

6 ISEL26 Selection of UARTDO clock:
0: Clock = fXP'I .
1: Clock = fypo.

5 ISEL25 Selection of CANO clock:
0: Clock = fXP1 .
1: Clock = fyc.

4 ISEL24 Selection of TAA4 counter clock:
0: Clock = fxp1.
1: Clock = fxpz.

3 ISEL23 Selection of TAA3 counter clock:
0: Clock = fXP'I .
1: Clock = fypo.

2 ISEL22 Selection of TAA2 counter clock:
0: Clock = fXP1 .
1: Clock = fxpz.

1 ISEL21 Selection of TAA1 counter clock:
0: Clock = fxp1.
1: Clock = fxpz.

0 ISEL20 Selection of TAAO counter clock:
0: Clock = fXP'I .
1: Clock = fypo.
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(4) SELCNTS3 - Selector control register 3
The 8-bit SELCNTS register is used to specify the clocks for UARTD2 to
UARTD4 and CANT1.
Access This register can be read/written in 8-bit or 1-bit units.
Address FFFF F30E.
Initial Value 00y. The register is initialized by any reset.
e pyPD70F3374, yPD70F3375 of VB50ES/FG3
e pPD70F3378 of VB50ES/FJ3
3 2 1 0
SELCNT3 [ o | o | o | o | o [isEs2|isEar| o |
R R R R R R/W R/W R
e uPD70F3376A, yPD70F3377A of VB50ES/FG3
e pPD70F3379, yPD70F3380, yPD70F3381, uPD70F3382 of V850ES/FJ3
5 4 3 2 1 0
SELCNT3 | | | o |1sELs4 | I1sEL3s | 1SEL32 | ISEL31 | ISELS0 |
R/W R/W R/W R/W R/W
e V850ES/FK3
7 6 5 4 3 2 1 0
SELCNT3 [ o |[1setse | o | I1sELs4 | 1SEL33 | ISEL32 | ISEL31 | ISELSO |
R/W R R/W R/W R/W R/W R/W
Note “R” bits marked with “0” must not be changed from their default value “0”.
Table 4-24 SELCNT3 register contents
B't Bit name Function
position
6 ISEL36 Refer to timer TAAn chapter: “SELCNT3 - Selector control register 3“ on page 410
4 ISEL34 Selection of UARTD4 clock:
0: Clock = fypq.
1: Clock = fxpg.
3 ISEL33 Selection of UARTDS3 clock:
0: Clock = fXP1 .
1: Clock = fXP2'
2 ISEL32 Selection of UARTD2 clock:
0: Clock = fxp1.
1: Clock = fxpz.
1 ISEL31 Selection of CAN1 clock:
0: Clock = fypq.
1: Clock = fxc.
0 ISEL30 Refer to timer TAAn chapter: “SELCNT3 - Selector control register 3“ on page 410
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(5) SELCNT4 - Selector control register 4
The 8-bit SELCNT4 register specifies the peripheral clocks.
Access This register can be read/written in 8-bit or 1-bit units.
Address FFFF F3F8,,.

Initial Value 00y. This register is initialized by any reset.
1 0
SELeNTa | o [ o | o | o | o | o | o [IsEuo|
R/W R/W R/W R/W R/W R/W R/W R/W

Table 4-25 SELCNT4 register contents

Bit position | Bit name Function

0 ISEL40 | Selection of the clock source for fyp4 clock:
0: fypy = fxx (8 MHz internal oscillator. MainOsc, PLL or SSCG).

1: fxp1 = fxmpLe (PLL).

Note 1. Ifthe PLL is stopped (PLLCTL.PLLON = 0), ISEL40 can not be setto 1.
Be sure to set ISEL40 to 0 before stopping the PLL.

2. When the SSCG is not used (SSCGON bit = 0), set the ISEL40 bit to 0.
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(6) SELCNTS5 - Selector control register 5
The 8-bit SELCNTS5 register specifies the clocks for TAA5 to TAA7, UARTDS,
UARTD7 and CANA4.
Access This register can be read/written in 8-bit or 1-bit units.
Address FFFF F3FA.
Initial Value 00y. This register is initialized by any reset.
e V850ES/FK3
7 6 5 4 3 2 1 0
SELCNT5 [ IsEL57 | ISEL56 | ISELS5 | 1SELS4 | ISELSS | ISELS2 | ISELS1 | ISELSO |
R/W R/W R/W R/W R/W R/W R/W R/W
Table 4-26 SELCNTS5 register contents
B't Bit name Function
position
7-6 ISEL5[7:6] | Refer to timer TAANn chapter: “SELCNTS5 - Selector control register 5“ on page 411
5 ISEL55 Selection of UARTD7 clock:
0: Clock = fxp1 .
1: Clock = fxpz.
4 ISEL54 Selection of UARTDG6 clock:
0: Clock = fxp1 .
1: Clock = fXP2'
3 ISEL53 Selection of CAN4 clock:
0: Clock = fXP1 .
1: Clock = fyc.
2 ISEL52 Selection of TAA7 counter clock:
0: Clock = fxp1 .
1: Clock = fxpz.
1 ISEL51 Selection of TAA6 counter clock:
0: Clock = fxp1 .
1: Clock = fxpz.
0 ISEL50 Selection of TAA5 counter clock:
0: Clock = fXP1 .
1: Clock = fxpz.
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4.3 Option Bytes
The code flash memory versions in this product series have an option data
area where a block subject to mask options is specified. When writing a
program to a code flash memory version, be sure to set the option data area
corresponding to the following option bytes.
The option bytes are used for:
¢ Enable or disable stopping the 240 KHz internal oscillator by software
* Specifying the WDT2 operation mode
¢ Selection of SubOSC external connection (crystal or RC resonator)
¢ Selection of clock source in subclock operation mode (SubOSC or 240 KHz
internal oscillator)
¢ Selection of PLL input clock
¢ Selection of PLL output clock
¢ Selection of peripheral clock
The option bytes are stored as 16-bit data at addresses 0000 007Ay and
0000 007By of the internal code flash memory.
Note In the following only the Clock generator related option bytes settings are
described. For a complete overview refer to “Flash Mask Options*” on
page 330.
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4.3.1 Option byte 0000 007Ay

Address 0000 007Ay.

7 6 5 4 3 2 1 0
STOPXTAL | STOPRCZ 0 0 0 X WDTMD1| RMOPIN

Note Bits marked with “0” must not be changed from their value “0”.

Table 4-27 Setting of option byte 0000 007A,

Bit

position Bit name Function
7t06 STOPXTAL, | Selection of SubOSC mode:
STOPRCZ STOPXTAL | STOPRCZ Sub oscillator setting
0 0 Crystal oscillator mode (32,768 KHz)
1 1 RC oscillator mode (20 KHz)
other than above Setting prohibited
1 WDTMD1 | Specifies WDT2 operation mode:

0: Count operation: Can be stopped by WDM2.WDCS24.
Input clock: Selectable by WDTM2 register. 240 KHz internal oscillator or
MainOSC.
Operation mode: Selectable by WDTM2 register. NMI interrupt
(INTWDT2) or reset mode (WDT2RES) selectable.

1: Count operation: Cannot be stopped.
Input clock: Fixed to 240 KHz internal oscillator.
Operation mode: Fixed to reset mode (WDT2RES).

0 RMOPIN | Option that the 240 KHz internal oscillator can be stopped by software:
0: Can be stopped by software.
1: Cannot be stopped.
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4.3.2 Option byte 0000 007By

Address 0000 007By.

7 6 5 4 3 2 1 0
SUBCLK 0 0 LATENCY| PLLO PRSI PLLI PLLIO

Note Bits marked with “0” must not be changed from their value “0”.

Table 4-28 Setting of option byte 0000 007By

po:iittion Bit name Function
7 SUBCLK | Clock source in subclock operating mode:
0: SubOSC selection.
1: 240 KHz internal oscillator selection.
4 LATENCY | refer to “Flash Mask Options*“ on page 330
PLLO PLL output clock fp  and fyyp L selection:
SSCGCTL.SELSSCG PLLO | fympLL fpLL
0 0 frLLO frLLO
1 fpLL0/2 feLL0/2
1 0 frLLo fsscao
1 fpLL0/2 fsscao/2
2 PRSI Divider Setting for peripheral clocks fyp¢ and fypo:
0: fxpy, fxpa = fxx (for fxx < 32 MHz)
1: fxpy, fxpo = fixx /2 (for 32 MHz < fyx < 48 MHz, can also be set if fyyx < 32MHz)
1to0 PLLI[1:0] | PLL input clock frequency selection:
PLLI1 PLLIO PLL input clock
0 0 feLi=fx
0 1 foLL = fx/2
1 X for L = fx/4
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4.4

Clock Generator Operation

This chapter describes the specific features of the Clock Generator. For details

see:

* “Overview of clock operation control settings” on page 218

* “Operation state transitions” on page 219

* “Power save modes description“ on page 222

e “Available clocks in power save modes*“ on page 239

e “Controlling the PLL" on page 243

e “Watch Dog Timer Clock” on page 243
e “CLKOUT function”on page 243

* “Operation of Prescaler3“ on page 244

* “Operation of the Clock Monitor” on page 245

4.4.1 Overview of clock operation control settings
The following table gives an overview of the settings that specify the CPU
system clock fygc k- It identifies the register bits that must be set or cleared to
generate specific fygck-
Table 4-29 CPU system clock settings
Option byte
CCLS. PLLCTL. SSCGCTL. MCM. .
PCC.CLS 007B: Operation Clock
CCLSF SELPLL SELSSCG MCMO SUBCLK bit
0 8 MHz internal oscillator
0 (8 MHz clock operation
0 (Clock- internal
(Main through ) oscillator
system mode) mode) @
ClOCI.( MainOSC clock operation
operation
mode) 1 0 (PLL) PLL clock operation
(PLL/SSCG -
0 mode) 1 (SSCG) SSCG clock operation
1 0 SubOSC clock operation
(MainOSC | (SubOSC
1 mode) mode)
(Subclgck X x 1 240 KHz internal oscillator
operation (240 KHz | clock operation (Sub)
mode) internal
oscillator
mode 2)
1 ) 240 KHz internal oscillator
clock operation (Security)
Other than above Setting prohibited
8  x=dontcare
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4.4.2 Operation state transitions

The following figure illustrates the various state transitions.

Each STBY
(HALT/IDLE1/IDLE2/
Software STOP)

///
7
//
yd PLL operation
Ve (PLL = ON)
// !
7 /
/
/ ,’/
/ Each STBY ¥4
! (HALT/IDLE1/IDLE2/ 7
! Software STOP) /7
\ L
\ s
\ s
N\, -
\,

""""" STBY (Sub IDLE only)
(X1 =ON)
(PLL = ON)

STBY (Sub IDLE only)
(X1 = OFF)
(PLL = OFF)

Figure 4-3 Operation state transition diagram

Note 1.

8 MHz internal

oscillator operation /,
A

-
-

Oscillation
stabilization wait

-
-

\ -

\I ,/ X1 main

| 1 clock-through
N (PLL = ON)

-

A

SUB operation
(X1 =0N)
(PLL = ON)

A

Note 2

Y

SUB operation
(X1 = OFF)
(PLL = OFF)

Each STBY A
(HALT/IDLE1/IDLE2/ J
Software STOP) e

X1 main through ™ N
| (PLL = OFF) \

\ Each STBY \
. (HALT/IDLE1/IDLE2/
N Software STOP)

SUB operation \\\ //
(X1 =0N) S~ P
(PLL = OFF) S~ -

STBY (Sub IDLE only)
(X1 =ON)
(PLL = OFF)

When the PLL operation mode is entered, secure the lockup time by using

software and check the PLL lock status by using the LOCKR.LOCK bit.

When changing the operation mode to the main clock oscillator mode,

secure the oscillation stabilization time by using software and check the

oscillation stabilization status by using the OSTC.OSTS bit. Enable the

PLL operation before the main clock oscillator is enabled or after the
oscillation is stabilized.
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(1) Status transition from PLL operation

PLL operation
(PLL = ON)

Note 1

HALT mode Software STOP mode

X1 = OFF, PLL = OFF
IDLE2 mode

X1=0N, PLL=0ON X1=O0N, PLL = OFF

X1=0N, PLL=0ON

IDLE1 mode

Figure 4-4 Stand-by transition from PLL operation (PLL = ON)

Note 1. Afterthe time set by the OSTS register has elapsed, the CPU returns to
the PLL mode.

2. After the time set by the OSTS register has elapsed, the CPU returns to
the PLL mode. If the Watchdog Timer overflows (reset) while the oscillation
stabilization time is being counted, the CPU starts clock operation with the
internal oscillator.

(2) Status transition from main clock-through operation (with PLL on)

X1 main clock-through mode
Software STOP mode

(PLL = ON)
X1 = OFF, PLL = OFF
IDLE1 mode IDLE2 mode

X1=O0N, PLL=0N X1=0N, PLL = OFF

HALT mode Note 1

X1=0N, PLL=0ON

Figure 4-5 Stand-by transition from main clock-through operation (PLL = ON)

Note 1. After the time set by the OSTS register has elapsed, the CPU returns to
the through mode.

2. After the time set by the OSTS register has elapsed, the CPU returns to
the through mode. If the Watchdog Timer overflows (reset) while the
oscillation stabilization time is counted, the CPU starts its clock operation
with the internal oscillator.
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(3) Status transition from clock-through operation (with PLL off)

X1 main clock-through mode
(PLL = OFF)

HALT mode Note 1

Software STOP mode

X1 = OFF, PLL = OFF
IDLE2 mode

X1=0N, PLL = OFF X1=0N, PLL = OFF

X1 = ON, PLL = OFF

IDLE1 mode

Figure 4-6 Stand-by transition from x1 main clock-through operation (PLL = OFF)

Note 1. Afterthe time set by the OSTS register has elapsed, the CPU returns to
the through mode.

2. After the time set by the OSTS register has elapsed, the CPU returns to
the through mode. If the Watchdog Timer overflows (reset) while the

oscillation stabilization time is counted, the CPU starts its clock operation
with the internal oscillator.

(4) Status transition to / from subclock operation

Normal operation mode
(main clock operation)

Subclock Main clock
operation operation
setting setting

Subclock operation mode

IDLE mode
setting Interrupt

Sub-IDLE mode

Figure 4-7 Status transition diagram (during subclock operation)
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4.4.3 Power save modes description
This section explains the various power save modes in detail.
Table 4-30 Stand-by modes
Mode Functional Outline
HALT mode Mode in which only the operating clock of the CPU is stopped
IDLE1 mode Mode in which all the internal operations of the chip except the oscillator, PLL/SSCG,
and flash memory are stopped
IDLE2 mode Mode in which all the internal operations of the chip except the oscillator are stopped
STOP mode Mode in which all the internal operations of the chip except the subclock oscillator are

stopped

Subclock operation mode

Mode in which the subclock is used as the CPU system clock

Sub-IDLE mode

Mode in which all the internal operations of the chip except the oscillator, PLL/SSCG,
and flash memory are stopped, in the subclock operation mode

Caution

During power save
mode

Wake-up signals

Before entering any power save mode make sure that any access to the data
flash is completed.

During all power save modes, the pins behave as follows:

¢ All output pins retain their function. That means all outputs are active,
provided the required clock source is available.

e All input pins remain as input pins.
¢ All input pins with stand-by wake-up capability remain active, the function of
all others is disabled.

During all power save modes, the main oscillator Clock Monitor remains active,
provided that the oscillator is operating. If the oscillator is switched off during
stand-by, the Clock Monitor enters stand-by as well.

The following signals can awake the controller from power save modes:
* Reset signals

— external RESET

— Power-On-Clear reset RESPOC

— Watchdog Timer reset RESWDT2
The Watchdog Timer must be configured to generate the reset in case of
overflow and its input clock must be active during stand-by.

— Clock Monitor reset RESCLM
The main oscillator must be active during stand-by.

* Non maskable interrupts

— NMIO
The appropriate port must be configured correctly.

- NMIWDT2
The Watchdog Timer must be configured to generate the interrupt in case
of overflow and its input clock must be active during stand-by.

¢ Maskable interrupts
— any unmasked maskable interrupt
Note that not all these signals are available in all power save modes.
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Note

M

Entering HALT
mode

Note

HALT mode status

Table 4-31

In the following tables the clock status “operates” does not necessarily mean
that the functions that use this clock source are operating as well.

HALT mode

In this mode, the clock oscillators continue operating, but clock supply to the
CPU is stopped. Clock supply to the other on-chip peripheral functions
continues.

As a result, program execution is stopped, and the contents of the internal
RAM before the HALT mode was set are retained. The on-chip peripheral
functions that are not dependent upon the instruction processing of the CPU
continue operating.

The HALT mode can reduce the average current consumption of the system if
it is used with the normal operation mode for intermittent operation.

When the HALT instruction is executed in the normal operation mode, the
HALT mode is set.
Insert five or more NOP instructions after the HALT instruction.

If the HALT instruction is executed while an interrupt request signal is held

pending, the HALT mode is set but is released immediately by the pending
interrupt request.

The following table shows the operation status in the HALT mode.

Controller status in HALT mode (1/2)

Working condition
Without Subclock | With Subclock

MainOSC (fy)

Oscillation enabled

SubOSC (fXT)

- | Oscillation enabled

(fRL)

240 KHz internal oscillator Oscillation enabled

8 MHz internal oscillator (fgy) | Oscillation enabled

PLL (fpLL0)

Operable

S8CG (fssceo)

Operable

CPU

Stops operation

Port function

Holds status before HALT mode is set

External bus interface

Refer to “Bus and Memory Control (BCU, MEMC)*“ on page 339

Timer/counter | TAAO -TAA7 | TAAO, 2, 4 and 6: Operable Operable

TAA1,3,5 and 7: Operable, when other
than fy is selected as the count clock

TABO -TAB2 | Operable

TMMO Operable, when other than fyt is Operable
selected as the count clock
Watch Timer (WT) Operable
Watchdog Timer (WDT2) Operable
AD converter Operable

Serial Interface | UARTDO-7 | Operable

CSIB0-3 Operable

11C00

Operable
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Table 4-31 Controller status in HALT mode (2/2)
Working condition
Without Subclock | With Subclock
CAN Controller (CAN0-4) Operable
DMA Controller Operable
Interrupt Controller Operable
Key interrupting function Operable
Clock Monitor Operable
Power-On-Clear circuit Operable
Low-Voltage Detector Operable

Voltage Regulator

Operation continues

Internal data

The CPU registers, states, data and all other internal data such as the contents
of the internal RAM are retained as they were before HALT mode was set

Leaving HALT mode

Table 4-32

The HALT mode is released by a non-maskable interrupt request signal (NMI
pin input or INTWDT2 signal), unmasked external interrupt request signal,
unmasked internal interrupt request of a peripheral function that can operate in
the HALT mode, or reset signal (reset by RESET pin input, WDT2RES signal,
Low-Voltage Detector (LVI), or Clock Monitor (CLM)).

When the HALT mode has been released, the normal operation mode is
restored.

(a) Release by non-maskable interrupt request or unmasked maskable
interrupt request

The HALT mode is released by a non-maskable interrupt request signal or an
unmasked maskable interrupt request signal, regardless of the priority of the
interrupt request signal. If the HALT mode is set in an interrupt routine,
however, the operation is performed as follows:

* |f an interrupt request signal having a priority lower than that of the interrupt
request currently being serviced is generated, the HALT mode is released,
but the interrupt request with the lower priority is not acknowledged. The
interrupt request signal itself is held.

¢ If an interrupt request signal (including a non-maskable interrupt request
signal) having a priority higher than that of the interrupt request currently
being serviced is generated, the HALT mode is released, and this interrupt
request signal is acknowledged.

Operation after HALT mode is released by interrupt request signal

Releasing Source Interrupt Enabled (EIl) Status Interrupt Disabled (DI) Status

request signal

Non-maskable interrupt | Execution branches to the handler address.

Maskable interrupt
request signal

Execution branches to the handler address, | The next instruction is executed.
or the next instruction is executed.

(b) Releasing by RESET input

The operation is the same as the normal reset operation.
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()

Entering IDLE1
mode

IDLE1 mode status

IDLE1 mode

In the IDLE1 mode, the main oscillator, PLL/SSCG, and flash memory
continue operating, but clock supply to the CPU and the other on-chip
peripheral functions is stopped.

As a result, program execution is stopped, and the contents of the internal
RAM before the IDLE1 mode was set are retained. The CPU and other on-chip
peripheral functions stop operating. However, the on-chip peripheral functions
that can operate on the subclock or external clock continue operating.

The IDLE1 mode can reduce current consumption more than the HALT mode
because the operations of the on-chip peripheral functions are stopped.
Because the main oscillator is not stopped, however, the normal mode can be
restored without securing the oscillation stabilization time, in the same manner
as in the HALT mode.

The IDLE1 mode is set when the PSM1 and PSMO bits of the PSMR register
are cleared to “00” and the STP bit of the PSC register is set to 1 in the normal
operation mode.

Insert five or more NOP instructions after the store instruction that manipulates
the PSC register to set the IDLE1 mode.

The following table shows the operation status in the IDLE1 mode.

Table 4-33 Controller status in IDLE1 mode (1/2)
Working condition
Without Subclock | With Subclock
MainOSC (fy) Oscillation enabled

SubOSC (fy7)

- | Oscillation enabled

(fRL)

240 KHz internal oscillator Oscillation enabled

8 MHz internal oscillator (fry) | Oscillation enabled

PLL (fpLLO)

Operable

SSCG (fssceo)

Operable

CPU

Stops operation

Port function

Holds status before IDLE1 mode is set

External bus interface

Refer to “Bus and Memory Control (BCU, MEMC)*“ on page 339

Timer/counter | TAAO -TAA7 | Operable, if fxps is selected as the TAAOQ, 2, and 4: Operable, if fypo is

count clock selected as the count clock.
TAA1 and 3: Operable, if fypo or fyr is
selected as the count clock?

TABO -TAB2 | Operation stops

TMMO Operable, if fg/8, fr /8 or INTWT is Operable if fry/8, fr /8 , INTWT or fyr
selected as the count clock is selected as count clock.
Watch Timer (WT) Operabile, if clocked by Prescaler3 Operable
Watchdog Timer (WDT2) Operable

AD converter?

Stops operation

Serial Interface | UARTDO-7 | UARTDO: Operable if either fypo or ASCKDO is selected input clock

UARTD1-7: Operabile if fypo is selected as operation clock.

CSIB0-3 Operable, if SCKBn is selected as input clock.

11C00

Stops operation

CAN Controller (CANO-3)

Stops operation
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Table 4-33

Controller status in IDLE1 mode (2/2)

Working condition
Without Subclock | With Subclock

DMA Controller

Stops operation

Interrupt Controller

Stops operation (But it is possible to leave IDLE1 Mode)

Key interrupting function Operable
Clock Monitor Operable
Power-On-Clear circuit Operable
Low-Voltage Detector Operable

Voltage Regulator

Operation continues

Internal data

The CPU registers, states, data and all other internal data such as the contents
of the internal RAM are retained as they were before IDLE1 mode was set

) Only when setting the ISELxx bit =1 (fxpo), the count operation by fy is also possible.

b)

Leaving IDLE1
mode

Note

Table 4-34

To achieve low power consumption, stop the A/D Converter before shifting to the IDLE1 mode.

The IDLE1 mode is released by a hon-maskable interrupt request signal (NMI
pin input or INTWDT2 signal), unmasked external interrupt request signal,
unmasked internal interrupt request signal of a peripheral function that can
operate in the IDLE1 mode, or reset signal.

Interrupt request signals that are disabled by the NMI1M, NMIOM, and INTM
bits of the PSC register are invalid and do not release the IDLE1 mode.

When digital noise elimination is enabled for INTP3, the power save mode
cannot be released using INTP3 pin. For details, refer to “Pin Functions“on
page 32.

When the IDLE1 mode has been released, the normal operation mode is
restored.

(a) Release by non-maskable interrupt request or unmasked maskable
interrupt request

The IDLE1 mode is released by a non-maskable interrupt request signal or an
unmasked maskable interrupt request signal, regardless of the priority of the
interrupt request signal. If the IDLE1 mode is set in an interrupt routine,
however, the operation is performed as follows:

* |f an interrupt request signal having a priority lower than that of the interrupt
request currently being serviced is generated, the IDLE1 mode is released,
but the interrupt request with the lower priority is not acknowledged. The
interrupt request signal itself is held.

* |f an interrupt request signal (including a non-maskable interrupt request
signal) has a priority higher than that of the interrupt request currently being
serviced is generated, the IDLE1 mode is released, and this interrupt
request signal is acknowledged.

Operation after IDLE1 mode is released by interrupt request signal

Releasing Source Interrupt Enabled (El) Status Interrupt Disabled (DI) Status

request signal

Non-maskable interrupt | Execution branches to the handler address.

Maskable interrupt
request signal

Execution branches to the handler address, | The next instruction is executed.
or the next instruction is executed.
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(b) Releasing by RESET input

The operation is the same as the normal reset operation.
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3)

IDLE2 mode

In the IDLE2 mode, the main clock oscillator continues operating, but clock
supply to the CPU, PLL/SSCG, flash memory, and the other on-chip peripheral
functions is stopped.

As a result, program execution is stopped, and the contents of the internal
RAM before the IDLE2 mode was set are retained. Not only the CPU but also
the other on-chop peripheral functions stop operating. However, the on-chip
peripheral functions that can operate on the subclock or external clock
continue operating.

The IDLE2 mode can reduce current consumption more than the IDLE1 mode
because the operations of the on-chip peripheral functions and flash memory
are stopped. Because the PLL/SSCG and flash memory are stopped, however,
setup times for the PLL/SSCG and flash memory must be maintained after the
IDLE2 mode is released.

Entering IDLE2
mode

The IDLE2 mode is set when the PSM1 and PSMO bits of the PSMR register
are set to “10” and the STP bit of the PSC register is set to 1 in the normal

operation mode.

Note

Insert five or more NOP instructions after the store instruction that manipulates

the PSC register to set the IDLE2 mode.

IDLE2 mode status

The following table shows the operation status in the IDLE2 mode.

Table 4-35 Controller status in IDLE2 mode (1/2)
Working condition
Without Subclock | With Subclock
MainOSC (fy) Oscillation enabled

SubOSC (fy7)

- | Oscillation enabled

240 KHz internal oscillator
(fRL)

Oscillation enabled

8 MHz internal oscillator (fr)

Oscillation enabled

PLL (fpLLO)

Stops operation

SSCG (fssceo)

Stops operation

CPU

Stops operation

Port function

Holds status before IDLE2 mode is set

External bus interface

Refer to “Bus and Memory Control (BCU, MEMC)*“ on page 339

Timer/counter | TAAO -TAA7

Stops operation

TABO -TAB2

Stops operation

TMMO

Operable if fr/8, fr /8 or INTWT is
selected as count clock.

Operable if fRH/B, fRL/S, INTWT or fXT
is selected as count clock.

Watch Timer (WT)

Operable, if clocked by Prescaler3 Operable

Watchdog Timer (WDT2)

Operable

AD convertor?

Stops operation

Serial Interface | UARTDO-7

UARTDO: Operable if ASCKDO is selected as input clock
UARTD1-7: Operation stops

CSIB0-3

Operable, if SCKBn is selected as input clock.

11C00

Stops operation

CAN Controller (CANO-3)

Stops operation

DMA Controller

Stops operation
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Table 4-35 Controller status in IDLE2 mode (2/2)

Working condition

Without Subclock | With Subclock
Interrupt Controller Stops operation (But it is possible to leave IDLE2 Mode)
Key interrupting function Operable
Clock Monitor Operable
Power-On-Clear circuit Operable
Low-Voltage Detector Operable

Voltage Regulator

Operation continuous

Internal data

The CPU registers, states, data and all other internal data such as the contents
of the internal RAM are retained as they were before IDLE2 mode was set

a) To achieve low power consumption, stop the A/D Converter before shifting to the IDLE2 mode.

Leaving IDLE2 The IDLE2 mode is released by a non-maskable interrupt request signal (NMI
mode pin input or INTWDT2 signal), unmasked external interrupt request signal,

unmasked internal interrupt request of a peripheral function that can operate in
the IDLE2 mode, or reset signal.

When the IDLE2 mode has been released, the normal operation mode is

restored.

Note 1.

Interrupt request signals that are disabled by the NMI1M, NMIOM, and

INTM bits of the PSC register are invalid and do not release the IDLE2

mode.

2. When digital noise elimination is enabled for INTP3, the power save mode
cannot be released using INTP3 pin. For details, refer to “Pin Functions“on

page 32.

(a) Release by non-maskable interrupt request or unmasked maskable
interrupt request

The IDLE2 mode is released by a non-maskable interrupt request signal or an
unmasked maskable interrupt request signal, regardless of the priority of the
interrupt request signal. If the IDLE2 mode is set in an interrupt routine,
however, the operation is performed as follows:

e |f an interrupt request signal having a priority lower than that of the interrupt
request currently being serviced is generated, the IDLE2 mode is released,
but the interrupt request with the lower priority is not acknowledged. The
interrupt request signal itself is held.

¢ |f an interrupt request signal (including a non-maskable interrupt request
signal) has a priority higher than that of the interrupt request currently being
serviced is generated, the IDLE2 mode is released, and this interrupt
request signal is acknowledged.

Table 4-36 Operation after IDLE2 mode is released by interrupt request signal

Releasing Source

Interrupt Enabled (El) Status

Interrupt Disabled (DI) Status

Non-maskable interrupt request
signal

Execution branches to the handler address after the specified setup

time has elapsed.

Maskable interrupt request signal

Execution branches to the handler
address, or the next instruction is
executed after the specified setup
time has elapsed.

The next instruction is executed
after the specified setup time has
elapsed.
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(b) Releasing by RESET input

The operation is the same as the normal reset operation.

(c) Securing setup time after release of IDLE2 mode
Secure the setup time of ROM (flash memory) after releasing the IDLE2 mode.

* Releasing by non-maskable interrupt request signal or unmasked maskable
interrupt request signal:

The setup time is secured by setting the OSTS register.

When a source that releases the IDLE2 mode occurs, an internal dedicated
timer starts counting in accordance with the setting of the OSTS register.
When this counter overflows, the normal operation mode is restored.

¢ Releasing by reset input (RESET pin input or WDT2RES occurrence)

The operation is the same as the normal reset operation.
The oscillation stabilization time is the default value of the OSTS
register, 216 / fy.

Oscillation
waveform
Main clock | | | | | | | | | | | | | | | | | |

IDLE mode
status

Interrupt
request

(( (
)) ))

ROM circuit stops. Counting of setup time

Figure 4-8 IDLE2 mode timing
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4)

Entering STOP
mode

STOP mode status

STOP mode

In the STOP mode, the subclock oscillator continues operating, but the main
clock oscillator stops operating. Moreover, clock supply to the CPU and the
other on-chip peripheral functions is stopped.

As a result, program execution is stopped, and the contents of the internal
RAM before the STOP mode was set are retained. Not only the CPU but also
the other on-chip peripheral functions stop operating. However, the on-chip
peripheral functions that can operate on the subclock or external clock
continue operating.

The STOP mode can reduce current consumption more than the IDLE2 mode
because the operation of the main clock oscillator is stopped. When the
subclock oscillator, internal oscillators and external clock are not used, the
current consumption can be substantially reduced with only a leakage current
flowing.

The STOP mode is set when the PSM1 and PSMO bits of the PSMR register
are set to “01g” or “11p”, and the STP bit of the PSC register is set to 1 in the

normal operation mode.

Insert five or more NOP instructions after the store instruction that manipulates
the PSC register to set the STOP mode.

The following table shows the operation status in the STOP mode.

Table 4-37 Controller status in STOP mode (1/2)
Working condition
Without Subclock | With Subclock
MainOSC (fy) Stops operation

SubOSC (fy7)

- | Oscillation enabled

(fRL)

240 KHz internal oscillator Oscillation enabled

8 MHz internal oscillator (fry) | Stops operation

PLL (fpLLO)

Stops operation

8SS8CG (fssceo)

Stops operation

CPU

Stops operation

Port function

Holds status before STOP mode is set

External bus interface

Refer to “Bus and Memory Control (BCU, MEMC)*“ on page 339

Timer/counter | TAAO -TAA7 | Stops operation

TABO -TAB2 | Stops operation

TMMO Operable if fg /8 is selected as count | Operabile if fg /8, INTWT or fy is
clock. selected as count clock.
Watch Timer (WT) Stops operation Operable if fyT is selected as count
clock.
Watchdog Timer (WDT2) Operable if fz|_is selected as count clock.

AD convertor

Stops operation

Serial Interface | UARTDO-7 | UARTDO: Operable if ASCKDO is selected input clock

UARTD1-7: Operation stops.

CSIB0-3 Operable, if SCKBn is selected as input clock.

11C00

Stops operation

CAN Controller (CANO-3)

Stops operation
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Table 4-37 Controller status in STOP mode (2/2)

Working condition
Without Subclock | With Subclock

DMA Controller

Stops operation

Interrupt Controller

Stops operation (But it is possible to leave STOP Mode)

Key interrupting function

Operable

Clock Monitor

Stops operation

Power-On-Clear circuit

Operable

Low-Voltage Detector

Operable

Voltage Regulator

Operation continuous

Internal data

The CPU registers, states, data and all other internal data such as the contents
of the internal RAM are retained as they were before STOP mode was set

Note

1. If the STOP mode is set while the A/D Converter is operating, the A/D
Converter is automatically stopped and starts operating again after the
STOP mode is released. However, in that case, the A/D conversion results
up to the second conversion after the STOP mode is released are invalid
(the third or later conversion results are valid). All the A/D conversion
results before the STOP mode was set are invalid.

2. The power consumption in STOP mode is the same, no matter whether the
A/D Converter was operating or stopped before the STOP mode was set.

Leaving STOP mode The STOP mode is released by a non-maskable interrupt request signal (NMI

Note

pin input or INTWDT2 signal), unmasked external interrupt request signal,
unmasked internal interrupt request signal of a peripheral function that can
operate in the STOP mode, or reset signal.

When the STOP mode has been released, the normal operation mode is
restored.

1. Interrupt request signals that are disabled by the NMI1M, NMIOM, and
INTM bits of the PSC register are invalid and do not release the STOP
mode.

2. When digital noise elimination is enabled for INTP3, the power save mode
cannot be released using INTP3 pin. For details, refer to “Pin Functions“on
page 32.

(a) Release by non-maskable interrupt request or unmasked maskable
interrupt request

The STOP mode is released by a non-maskable interrupt request signal or an
unmasked maskable interrupt request signal, regardless of the priority of the
interrupt request signal. If the STOP mode is set in an interrupt routine,
however, the operation is performed as follows:

¢ |f an interrupt request signal with a priority lower than that the interrupt
request currently being serviced is generated, the STOP mode is released,
but the interrupt request with the lower priority is not acknowledged. The
interrupt request signal itself is held.

¢ |f an interrupt request signal (including a non-maskable interrupt request
signal) with a priority higher than that of the interrupt request currently being
serviced is generated, the STOP mode is released, and this interrupt
request signal is acknowledged.
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Table 4-38 Operation after STOP mode is released by interrupt request signal

Releasing Source

Interrupt Enabled (El) Status

Interrupt Disabled (DI) Status

Non-maskable interrupt request
signal

Execution branches to the handler address after the specified
oscillation stabilization time has elapsed.

Maskable interrupt request signal

Execution branches to the handler
address, or the next instruction is
executed after the oscillation

The next instruction is executed
after the oscillation stabilization
time has elapsed.

stabilization time has elapsed.

(b) Securing setup time after release of STOP mode

The main clock / 8MHz internal oscillator stop operating when the STOP mode
is set. Therefore, secure the oscillation stabilization time of the clock
oscillator(s) after releasing the STOP mode.

Releasing by non-maskable interrupt request signal or unmasked maskable
interrupt request signal:

e The setup time is secured by setting the OSTS register.

¢ When a source that releases the STOP mode occurs, an internal dedicated
timer starts counting in accordance with the setting of the OSTS register.
When this counter overflows, the normal operation mode is restored.

AVAVAVAVA
|
Main clock |||||||||

I
I
STOP mode I
I
I
I
I

A ACAVAVAVAVAVAVAVAVAVAN
Ul

MainOSC
wavefrom

status

Interrupt I
request |

:<—STOP mode—»l«— OSC start —>I< OSC setup time »
Figure 4-9 STOP mode timing for main clock operation

(c) Releasing by RESET input

The operation is the same as the normal reset operation.
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(5) Subclock operation mode

When the subclock operation mode is set, the CPU system clock fygc| k is
changed from the main system clock to the subclock. Subclock can be fyt or
frL. The selection is made by the SUBCLK bit of the option byte 007B.

Check that the CPU system clock has been changed by using the CLS bit of

the

PCC register.

When the MCK bit of the PCC register is set to 1, the operation of the main
clock oscillator is stopped. Consequently, the entire system operates on the
subclock.

In the subclock operation mode, the subclock is used as the CPU system
clock, so that the current consumption can be reduced from that in the normal
operation mode. In addition, a current consumption close to that in the STOP
mode can be achieved by stopping the operation of the main clock oscillator.

Entering subclock

mode to 1

Note 1.

Subclock mode
status

Table 4-39

in the normal operation mode.

The subclock operation mode is set when the CK3 bit of the PCC register is set

Changing the value of the CK2 to CKO bits of the PCC register is prohibited
when the CKS bit is manipulated (0 to 1 or 1 to 0). Set the CKS3 bit by using
a bit manipulation instruction. For details of the PCC register, refer to “PCC
- Processor clock control register” on page 194.

If the following condition is not satisfied, change the CK2 to CKO bits so as
to satisfy the condition and move to subclock operation mode.
Internal system clock (fCLK) > subclock (fSC) x 4

The following table shows the operation status in subclock mode.

The table is shown for FJ3 > 384 KB devices (maximum specification).

Controller status in subclock mode (1/2)

Working condition

With MainOSC operating

With MainOSC stopped

MainOSC (fy)

Oscillation enabled

SubOSC (fXT)

Oscillation enabled

240 KHz internal oscillator
(fRL)

Oscillation enabled

8 MHz internal oscillator (fry)

Oscillation enabled

PLL (fpLL0) Operable Stops operation?
SSCG (fsscao) Operable Stops operation?
CPU Operable

Port function Settable

External bus interface

Refer to “Bus and Memory Control (BCU, MEMC)*“ on page 339

Timer/counter | TAAO -TAA7 | Operable Stops operation
TABO -TAB2 | Operable Stops operation
TMMO Operable Operable if fry/8, fr /8, INTWT or fyt
is selected as count clock.
Watch Timer (WT) Operable Operable if f is selected as count
clock.
Watchdog Timer (WDT2) Operable Operable if fg_is selected as count

clock.
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Table 4-39 Controller status in subclock mode (2/2)

Working condition

With MainOSC operating With MainOSC stopped
AD convertor Operable Stops operation
Serial Interface | UARTDO-7 | Operable UARTDO: Operable if ASCKDO is
selected input clock
UARTD1-7: Operation stops
CSIB0-3 Operable Operable if SCKBn input clock is
selected as operation clock.
11IC00 Operable Stops operation
CAN Controller (CANO-3) Operable Stops operation
DMA Controller Operable
Interrupt Controller Operable
Key interrupting function Operable
Clock Monitor Operable
Power-On-Clear circuit Operable
Low-Voltage Detector Operable

Voltage Regulator

Operation continuous

Internal data

Settable?

) Set PLL to stop (PLLCTL.PLLON = 0) when you stop the main clock oscillation circuit.
b} The data from the data flash cannot be read. Refer to “Flash Memory* on page 298 for details.

Note 1.

When stopping the main clock, be sure to stop the PLL (by clearing the
PLLON bit of the PLLCTL register to 0).

When the CPU is operating on the subclock and main clock oscillation is
stopped, accessing a register in which a wait occurs is disabled. If a wait is
generated, it can be released only by RESET.

Leaving subclock The subclock operation mode is released by clearing the CK3 bit to 0 or by a
mode reset signal.

Note 1.

Changing the set value of the CK2 to CKO bits of the PCC register is
prohibited when the CK3 bit is manipulated (set the CK3 bit by using a bit
manipulation instruction). For details of the PCC register, refer to “PCC -
Processor clock control register” on page 194.

When digital noise elimination is enabled for INTP3, the power save mode
cannot be released using INTP3 pin. For details, refer to “Pin Functions*on
page 32.

When the main clock is stopped (PCC.MCK = 1), clear the MCK bit to O,
secure the oscillation stabilization time of the main clock by software, and then
clear the CK3 bit to 0.

When the subclock operation mode is released, the normal operation mode is
restored.

RO1UH0237ED0320 Rev. 3.20 RENESAS 235

User Manual



Chapter 4

Clock Generator

(6)

Entering sub-IDLE
mode

Note

Sub-IDLE mode

Sub-IDLE mode

In the sub-IDLE mode, the clock oscillator continues operating, but clock
supply to the CPU, flash memory, and the other on-chip peripheral functions is
stopped.

As a result, program execution is stopped, and the contents of the internal
RAM before the sub-IDLE mode was set is retained. Not only the CPU but also
the other on-chip peripheral functions stop operating. However, the on-chip
peripheral functions that can operate on the subclock continue operating.

The sub-IDLE mode can reduce current consumption more than the subclock
operation mode because the operations of the CPU, flash memory, and other
on-chip peripheral functions are stopped.

If the sub-IDLE mode is set after the main clock is stopped, a current
consumption close to that in the STOP mode can be achieved.

The sub-IDLE mode is set when the PSM1 and PSMO bits of the PSMR
register are set to “10” and the STP bit of the PSC register is set to 1 while the
processor is in the subclock operation mode.

Insert five or more NOP instructions after the store instruction that manipulates
the PSC register to set the sub-IDLE mode.

The following table shows the operation status in sub-IDLE mode.

status
Table 4-40 Controller status in sub-IDLE mode (1/2)
Working condition
OO () (?IOCK geellarey When main clock oscillator stops
oscillates
240 KHz internal oscillator Oscillation enabled

(fRL)

8 MHz internal oscillator (fgy) | Oscillation enabled

SubOSC (fXT)

Oscillation enabled

PLL (fpLL0)

Operable Stops operation?

S8CG (fssceo)

Operable Stops operation?

CPU

Stops operation

Port function

The settings of the previous mode are maintained

External bus interface

Refer to “Bus and Memory Control (BCU, MEMC)“ on page 339

Timer/counter | TAAO-TAA7 | Stops operation

TABO -TAB2 | Stops operation

TMMO Operable if fg/8, fr./8 or fx1 is selected as count clock.
Watch Timer (WT) Operable Operable if f is selected as count
clock.
Watchdog Timer (WDT2) Operable Operable if fg_is selected as count
clock.

AD convertor

Stops operation

Serial Interface | UARTDO-7 | UARTDO: Operable, if ASCKDO is selected as input clock

UARTD1-7: Operation stops

CSIB0-3 Operable if SCKBn input clock is selected as operation clock.

11C00

Stops operation

CAN Controller (CANO-3)

Stops operation
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Table 4-40

Controller status in sub-IDLE mode (2/2)

Working condition

When main clock oscillator

. When main clock oscillator stops
oscillates

DMA Controller

Stops operation

Interrupt Controller

Stops operation (but it is possible to leave Sub Idle Mode)

Key interrupting function Operable
Clock Monitor Operable
Power-On-Clear circuit Operable
Low-Voltage Detector Operable

Voltage Regulator

Operation continuous

Internal data

The CPU registers, statuses, data and all other internal data such as the
contents of the internal RAM are retained as they were before Sub IDLE mode
was set

a) Stop the PLL (PLLCTL.PLLON = 0) when you stop the main clock oscillation circuit.

Leaving sub-IDLE
mode

Note

The sub-IDLE mode is released by a non-maskable interrupt request signal
(NMI pin input or INTWDT2 signal), unmasked external interrupt request
signal, unmasked internal interrupt request of a peripheral function that can
operate in the sub-IDLE mode, or reset signal.

The PLL returns to the operation status before the sub-IDLE mode was set.

When the sub-IDLE mode is released by an interrupt request signal, the
subclock operation mode is restored. When the sub-IDLE mode is released by
RESET, the normal operation mode is restored.

1. Interrupt request signals that are disabled by the NMI1M, NMIOM, and
INTM bits of the PSC register are invalid and do not release the sub-IDLE
mode.

2. When digital noise elimination is enabled for INTP3, the power save mode
cannot be released using INTP3 pin. For details, refer to “Pin Functions“on
page 32.

(a) Release by non-maskable interrupt request or unmasked maskable
interrupt request

The sub-IDLE mode is released by a non-maskable interrupt signal or an
unmasked maskable interrupt request signal, regardless of the priority of the
interrupt request signal.

If the sub-IDLE mode is set in an interrupt routine, however, the operation is
performed as follows:

* Interrupt request signals that are set (disabled) by the NMI1M, NMIOM, and
INTM bits of the PSC register are invalid and do not release the sub-IDLE
mode.

¢ |f an interrupt request signal having a priority lower than that of the interrupt
request currently being serviced is generated, the sub-IDLE mode is
released, but the interrupt request with the lower priority is not
acknowledged. The interrupt request signal itself is held.

¢ |f an interrupt request signal (including a non-maskable interrupt request
signal) having a priority higher than that of the interrupt request currently
being serviced is generated, the sub-IDLE mode is released, and this
interrupt request signal is acknowledged.
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Table 4-41 Operation after sub-IDLE mode is released by interrupt request signal

Releasing Source

Interrupt Enabled (EI) Status

Interrupt Disabled (DI) Status

request signal

Non-maskable interrupt | Execution branches to the handler address.

Maskable interrupt Execution branches to the handler address,
request signal or the next instruction is executed.

The next instruction is executed.

(b) Releasing by RESET input

The operation is the same as the normal reset operation.

R0O1UH0237ED0320 Rev. 3.20
User Manual

RENESAS

238



Chapter 4 Clock Generator

4.4.4 Available clocks in power save modes

The following table gives an overview of the clock signals available in the
various stand-by modes.

Table 4-42 Clock operation in power save modes

tlfor | fxr | fre | fan b PR
Operation status XTPLLLY XT | RL | RH escao fxx | fxer [fvecik|fepu| fxpz | fxc
Note2 | Note2 | Note2 | Note2 f
PCL
Reset period X (0] X X X X X X X X X
From reset release to
8 MHz internal oscillator setup X o © © X © X X X X X
Run enable | O |enable| O |enable| O (0] (0] (0] O |enable
HALT mode enable | O |enable| O |enable| O (6] (0] X O |enable
8 MHz IDLE1 mode enable | O |enable| O |enable| X X X X (0] X
internal oscillator STOP mode X O |enable| x X X X X X X X
Note1
From STOP
rele.ase_ to enable | O |enable| O X (0] X X X O |enable
oscillation
stabilization
Run (0] O |enable |enable [enable| O (0] (0] (0] (0] (e}
HALT mode (6] O |enable |enable [enable| O (6] (0] X (0] (6]
IDLE1 mode (0] O |enable|enable [enable| X X X X (0] X
IDLE2 mode (0] O |enable|enable| X X X X X X X
Me}\llr381SC From IDLE2 (0] O |enable|enable| X X X X X X X
release to setup
STOP mode X O |enable| X X X X X X X X
From STOP
rele.ase. to (0] O |enable|enable| X X X X X X X
oscillation
stabilization
Run (0] O |enable|enable| O (0] (0] (0] (0] (0] (6]
HALT mode (6] O |enable|enable| O 0] (0] (0] X (0] (6]
IDLE1 mode (0] O |enable|enable| O X X X X (0] X
IDLE2 mode (0] O |enable|enable| X X X X X X X
PLL/SSCG From IDLE2
Noted release to setup (e O |enable|enable| X X X X X X X
STOP mode X O |enable| X X X X X X X X
From STOP
rele.ase. to (0] O |enable|enable| X X X X X X X
oscillation
stabilization
SubOSC Run enable | O |enable |enable |enable |enable |enable| O O |enable | enable
Note IDLE mode enable | O |enable |enable|enable| X X X X X X
240 KHz Run enable | O O |enable [enable |enable [enable| O O |enable | enable
internal oscillator-Sub
Note1 IDLE mode enable | O O [enable|enable| X X X X X X
240 KHz Run - (0] O |enable| - |[enable|enable| O O |enable | enable
internal oscillator-
Sﬁggﬂty HALT mode - (0] O |enable| - |[enable|enable| O X |enable | enable
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O: Operating

x: Stopped

Enable: Operation enable (by control register and option bytes setting)

Note 1. The working conditions are the following:
- 8 MHz internal oscillator: 8 MHz internal oscillator clock operation
- MainOSC: MainOSC clock operation
- PLL/SSCG: PLL/SSCG clock operation
- SubOSC: SubOSC clock operation
- 240 KHz internal oscillator- 240 KHz internal oscillator clock operation for
Sub: Sub
- 240 KHz internal oscillator- 240 KHz internal oscillator clock operation for
Security: Security
2. The clock signals are:
fx: MainOSC clock
fxr: SubOSC clock
fRL: 240 KHz internal oscillator clock
fRH: 8 MHz internal oscillator clock
fpLL: PLL/SSCG output clock
fpoL: Programmable clock output
fyx: Main system clock
fyBcLK CPU system clock
fopu: CPU core clock
fxp1: Peripheral clock (Prescaler1)
fxpo: Clock for UARTD, TAA
fxc: Clock for CAN
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4.4.5 Power save mode activation

In the following procedures are described how to securely entering a power
save mode.

Caution Before entering any power save mode make sure that any access to the data
flash is completed.

(1) HALT mode
For entering the HALT mode proceed as follows:

1. Mask all interrupts which shall not have wake-up capability by
xxIC.xxMK = 0 and discard all possibly pending interrupts by xxIC.xxIF = 0.

2. Unmask all interrupts which shall have wake-up capability by
xXIC.xxMK = 1.

3. Execute the “halt” instruction.

(2) IDLE1, IDLE2 and STOP mode
For entering these power save mode proceed as follows:

1. In case maskable interrupts shall be used for wake-up unmask these
interrupts by IMRm.xxMK = O (refer to “IMRm - Interrupt mask registers®on

page 275).
2. Mask all other interrupts, i.e.
— none wake-up capable interrupts
— wake-up capable interrupts which shall not be used for wake-up

by IMRm.xxMK = 1. This prevents the power save mode entry procedure
from being interrupted by these interrupts.

3. Itis recommended to disable interrupt acknowledgement by the “di”
instruction.

4. Specify the desired power save mode in PSM.PSM[1:0].
Enable writing to the write-protected register PSC by writing to PRCMD.

6. Write to PSC for specifying permitted wake-up events and activate the
power save mode by setting PSC.STP to 1.

o

Example The following example shows how to initialize and enter a IDLE1, IDLE2 or
STOP power save mode.

First the desired power save mode is specified (IDLE2 mode in this example,
that means PSMR.PSM[1:0] = 10g).

The PSC register is a write-protected register, and the PRCMD register is the
corresponding write-enable register. PRCMD has to be written immediately
before writing to PSC.
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In this example, maskable interrupts are permitted to leave the power save

mode.

1. /I xxIC.xxMK = 0 // mask all none wake-up interrupts

2. /I xxIC.xxMK = 1 // unmask all wake-up interrupts

3. di

4. mov 0x02,r10

5. st.b 10,PSMR([r0] // PSMR.PSM[1:0] = 10B: IDLE2 mode
6. mov 0x62,r10

7. st.b r10,PRCMDIr0] // enable write to PSC

8. st.b r10,PSCJ[r0] // wake up by maskable interrupts

/I and enter power save mode

9. nop

10. nop

11.  nop

12.  nop

13. nop

14, /I after wake-up

15.  //xxIC.xxIF =0 // discard all unwanted pending interrupts
16. ei

Be aware of the following notes when entering power save mode using the
above sequence:

Note 1. Itis recommended to disable maskable interrupt acknowledgement in
general by the “di” instruction (step 3.) to prevent any pending interrupt
from being served during the power save mode set-up procedure. This
makes it also possible to completely control the process after wake-up,
since no pending interrupt will be unintentional acknowledged. Before
enabling interrupt acknowledgement by the “ei” instruction (step 16.) after
wake-up, all unwanted interrupts can be discarded by setting xxIC.xxIF = 0
(step 15.).

Since the wake-up capability of the unmasked wake-up interrupts is not
affected by “di”, such interrupts shall be masked (step 1.) by
IMBmM.xxMK = 1.

2. The store instruction to PRCMD will not allow to acknowledge any interrupt
until processing of the subsequent instruction is complete. That means, an
interrupt will not be acknowledged before the store to PSC. This
presupposes that both store instructions are performed consecutively, as
shown in the above example.

If another instruction is placed between steps 7 and 8, an interrupt request
may be acknowledged in between, and the power save mode may not be
entered.

However if the “di” instruction was executed before (step 3.) none interrupt
will be acknowledged anyway.

3. Atleast 5 “nop” instructions must follow the power down mode setting, that
means after the write to PSC. The microcontroller requires this time to
enter power down mode.

4. Any data can be written to the PRCMD register.
In the example the same data is written, minimizing the number of used
registers.
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4.4.6

Using the PLL

Not using the PLL

4.4.7

4.4.8

5. Make sure that all DMA channels are disabled. Otherwise a DMA could
happen between steps 7 and 8, and the power down mode may not be
entered at all.

Further on do not perform write operations to PRCMD and write-protected
registers by DMA transfers.

6. No special sequence is required for reading the PSC register.

Controlling the PLL

After the RESET signal has been released, the PLL has to be started by
PLLCTL.PLLON = 1, after the main oscillator has stabilized
(OSTC.MSTS =1).

Since the default mode is the clock-through mode (PLLCTL.SELPLL = 0),
select the PLL mode (PLLCTL.SELPLL = 1).

¢ To operate the PLL from the stopped status, set PLLCTL.PLLON = 1, and
then set PLLCTL.SELPLL = 1 after the LOCKR.LOCK bit = 0 (the lockup
time can be counted by setting the lockup time to the PLLS register and
monitoring the LOCK flag of the LOCKR register).

¢ To stop the PLL, first select the clock-through mode (PLLCTL.SELPLL = 0),
wait for 8 clocks or more, and then stop the PLL (set PLLCTL.PLLON = 0).

When shifting to the IDLE2 or STOP mode while remaining in the PLL
operation mode, set the OSTS register as follows:

¢ STOP mode: Oscillation stabilization time > PLL lockup time
¢ |DLE2 mode: Setup time > PLL lockup time

When shifting to the IDLE1 mode, the PLL does not stop. Stop the PLL if
necessary.

The clock-through mode (PLLCTL.SELPLL = 0) is selected after the RESET
signal has been released. The PLL is stopped by default.

Watch Dog Timer Clock

After reset release, the Watchdog Timer WDT2 is operating on the 240 KHz
internal oscillator (fg /8 = 30 KHz approx.).

When the MainOSC has stabilized, the Watchdog Timer can be clocked by the
MainOSC (fy/128).

CLKOUT function

The clock output function is used to output the CPU system clock (fygck) from
the CLKOUT pin.

The status of the CLKOUT pin is the same as the CPU system clock. The pin
can output the clock when it is in the operable status. It outputs a low level in
the stopped status.
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4.4.9 Operation of Prescaler3
Prescaler3 generates the clock fgrg by dividing the main oscillator output

signal fy.

(1) Description

Prescaler3 consists of a clock divider, a counter, and a comparator.

fx

,4> 3-bit prescaler

/8

x4 | 5
x/2 3 8-bit counter
x| &
Match Output fara
control

Prescaler compare register0
(PRSCMO0)

| BGCEO ‘ BGCS01 ‘BGCSOO| Prescaler mode register 0 (PRSMO0)

Figure 4-10 Prescaler3 Block Diagram

(2) Calculation

The relation between the main oscillator clock (fy), prescaler clock divider

selection PRSM0.BGCSO0[1:2], PRSCMO0 compare register value, and output
clock fgrg is as follows:

farg = fx/ (2™ x N x 2)
where
fsrg = output clock frequency
fyx = input clock frequency

m = BGCSO0[1:0] value (0 to 3)
N = PRSCMO register value (1 to FFp). If PRSCMO0 = 004: N = 256

Example If
fx =4 MHz
m=0
N = 3Dy
then
fBRG = 32,787 KHz
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Chapter 4 Clock Generator
4.4.10 Operation of the Clock Monitor
The Clock Monitor samples the main clock by using the internal 240 KHz
internal oscillator. It generates a reset request signal when the oscillation of the
main clock has stopped.
(1) Description
The functional block diagram is shown below.
MainOSC fx RESCLM
(Internal RESET
signal)
240 KHz internal
oscillator frL >
Enable/disable
| CLM.CLME |
Figure 4-11 Clock Monitor Block Diagram
The Clock Monitor samples the main oscillator signal fy. The Clock Monitor is
clocked by the internal 240 KHz internal oscillator (fg( ).
The RESCLM reset signal is generated when the MainOSC clock fails.
Table 4-43 Operation status of Clock Monitor (when CLM.CLME Bit = 1, during

internal oscillator operation)

CPU system clock Operation mode Sta_tus of Stat_us of internal Statl_Js of Clock

fyscLk MainOSC oscillator Clock Monitor

Main clock HALT mode Oscillates Oscillates? Operates®?
IDLE1 mode, Oscillates Oscillates? Operatesb
IDLE2 mode
STOP mode Stops Oscillates? Stops

Subclock (PCC.MCK = 0) | Sub-IDLE mode Oscillates Oscillates? Operates®

Subclock (PCC.MCK = 1) | Sub-IDLE mode Stops Oscillates? Stops

Internal oscillator clock - Stops Stops? Stops

During reset - Stops Stops Stops

a) Internal oscillator can be stopped by setting the RSTOP bit of the RCM register to 1 only when “Internal os-

cillator can be stopped” is specified by an option function.

b) " The Clock Monitor is stopped when the internal-OSC is stopped.

(2) Start and stop

The Clock Monitor operation must be enabled by setting bit CLM.CLME to 1.
Once this bit has been set, it cannot be cleared to 0 by any means other than
reset.
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Chapter 4 Clock Generator

The Clock Monitor is automatically started as soon as the main oscillator is
stable, indicated by OSTC.MSTS = 1.

The Clock Monitor automatically stops under the following conditions:

* While oscillation stabilization time is being counted after STOP mode is
released

¢ When the main clock is stopped (PCC.MCK bit = 1 during subclock
operation, or PCC.CLS bit = 0 during main clock operation)

¢ When the sampling clock is stopped (240 KHz internal oscillator)
¢ When the CPU operates with 8 MHz internal oscillator

¢ When the CPU operates with 240 KHz internal oscillator

(83) Operation when main clock oscillation is stopped (CLME bit = 1)

If oscillation of the main clock is stopped when the CLME bit = 1, an internal
reset signal is generated as shown in the following figure.

Four internal-OSC clocks

Internal-OSC clock

Main clock | | | |

_P
Internal reset
signal \'G_NJ
Figure 4-12 When oscillation of main clock is stopped

(4) Operation in STOP mode or after STOP mode is released

If the STOP mode is set with the CLME bit = 1, the monitor operation is
stopped in the STOP mode and while the oscillation stabilization time is being
counted. After the oscillation stabilization time, the monitor operation is
automatically started.

CPU Normal
operation _operation | Software STOP_| Oscillation stabilization time Normal operation

Main clock wu’u’\ﬂﬂﬂﬂ_

Oscillation stops | Oscillation stabilization time
(set by OSTS register)

toa (NUNTUATUTUTUTUCUTURIL _ __ JIATEATEATTATIATATATATA

CLME

Clock monitor

status During Monitor stops During monitor
monitor

Figure 4-13 Operation in STOP mode or after STOP mode is released
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(5) Operation when main clock is stopped

During subclock operation (CLS bit of the PCC register = 1) or when the main
clock is stopped by setting the MCK bit of the PCC register to 1, the monitor
operation is stopped until the main clock operation is started (CLS bit of PCC
register = 0). The monitor operation is automatically started when the main
clock operation is started.

CPU Subclock operation Main clock operation

operation

PCCMCK bit = 1 Oscillation stabilization
time count by software

\
Main clock [\/‘I\I\N\nﬂ_

Oscillation stops | Oscillation stabilization time
(set by OSTS register)

101

CLME

Clock monitor

status During | Monitor stops Monitor stops During monitor
monitor

Figure 4-14 Operation When Main Clock Is Stopped (Arbitrary)

(6) Operation during and after power save modes

Main oscillator If the main oscillator is stopped, the Clock Monitor changes to stand-by. When
stopped the main oscillator is restarted after power save mode release, the Clock
Monitor restarts automatically.

Internal oscillator When the 240 KHz internal oscillator is stopped, the Clock Monitor’s operation
stopped is suspended. Operation is automatically resumed as soon as the internal
oscillator is restarted.
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This controller is provided with a dedicated Interrupt Controller (INTC) for
interrupt servicing and can process a large amount of maskable and two non-
maskable interrupt requests.

An interrupt is an event that occurs independently of program execution, and
an exception is an event whose occurrence is dependent on program
execution. Generally, an exception takes precedence over an interrupt.

This controller can process interrupt requests from the on-chip peripheral
hardware and external sources. Moreover, exception processing can be
started by the TRAP instruction (software exception) or by generation of an
exception event (i.e. fetching of an illegal opcode) (exception trap).

Eight levels of software-programmable priorities can be specified for each
interrupt request. Starting of interrupt servicing takes no fewer than 5 system
clocks after the generation of an interrupt request.

5.1 Features
¢ Interrupts
— Non-maskable interrupts: 2 sources
— Maskable interrupts:
Maskable | V850ES VBS0ESIFGS VBS0ESIFJ3 V850ES/
nerupt | resees| F2t [t | oo | T | ot | e
Internal 48 60 65 71 81 83 101
External 8 11 12 15 15 15 16
— 8 levels of programmable priorities (maskable interrupts)
— Multiple interrupt control according to priority
— Masks can be specified for each maskable interrupt request
— Noise elimination, edge detection and valid edge specification, level
detection for external interrupt request signals
— Wake-up capable
(analogue noise elimination for external interrupt request signals)
e Exceptions
— Software exceptions: 2 channels with each 16 sources
— Exception traps: 2 sources (illegal opcode exception and debug trap)
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Interrupt Controller (INTC)

Table 5-1 V850ES/FE3, VB50ES/FF3, VB50ES/FG3
interrupt/exception source list (1/3)
Interrupt/Exception Source
Type T . Generaing I[:’)e.falljtlt Exge;:’tion ;I:(r;dler Res;gred
Name Register Generating Source Unit riority ode ress
Reset RESET - Reset input by internal source RESET - 0000y | 00000000y | undef.
Non- NMI - NMI pin valid edge input Pin - 00104 | 00000010y | nextPC
maskable Fnrwpre |- WDT2 overflow WDT2 | - | 00204 | 00000020, | nextPC
Sf;‘e“;‘f:n (THHAOFISCH) - TRAP Instruction - - | oo4ny | 00000040y | nextPC
(THHAOF:'F‘H) i TRAP instruction - - | o0sny | 00000050, | nextPC
tEr’;;ep“O” IDLSé)OP/ - :gsﬁi'cﬁgﬁ"d“ DBTRAP - - | 0060, | 00000060, | nextPC
Maskable | INTLVIL LVILIC Low voltage detection
(voltage falling below reference POCLVI 0 0080y | 00000080y | nextPC
level)
INTLVIH LVIHIC Low voltage detection
(voltage rising above reference POCLVI 1 00904 | 00000090y | nextPC
level)
INTPO PICO External interrupt 0 Pin 2 00A0y | 000000A0y | nextPC
INTP1 PIC1 External interrupt 1 Pin 3 00BOy | 000000BOy | nextPC
INTP2 PIC2 External interrupt 2 Pin 4 00C0y | 000000C0Oy | nextPC
INTP3 PIC3 External interrupt 3 Pin 5 00D0y | 000000D0y | nextPC
INTP4 PIC4 External interrupt 4 Pin 6 00EOy | 000000EOy | nextPC
INTP5 PIC5 External interrupt 5 Pin 7 00F0y | 000000F0 | nextPC
INTP6 PIC6 External interrupt 6 Pin 8 01004 | 000001004 | nextPC
INTP7 PIC7 External interrupt 7 Pin 9 01104 | 000001104 | nextPC
INTTABOOV® | TABOOVIC | TABO overflow TABO 10 01204 | 00000120y | nextPC
INTTABOCCO® | TABOCCICO | TABO capture 0 / compare 0 match TABO 11 01304 | 000001304 | nextPC
INTTABOCC1® | TABOCCICT | TABO capture 1/ compare 1 match TABO 12 01404 | 000001404 | nextPC
INTTABOCC2® | TABOCCIC2 | TABO capture 2 / compare 2 match TABO 13 01504 | 00000150y | nextPC
INTTABOCC3® | TABOCCIC3 | TABO capture 3 / compare 3 match TABO 14 01604 | 00000160, | nextPC
INTTAAOOV | TAAOOVIC | TAAO overflow TAAO 15 01704 | 00000170y | nextPC
INTTAAOCCO | TAAOCCICO | TAAO capture 0/ compare 0 match TAAO 16 01804 | 00000180y | nextPC
INTTAAOCC! | TAAOCCIC1 | TAAO capture 1/ compare 1 match TAAQ 17 01904 | 00000190y | nextPC
INTTAAIOV | TAATOVIC | TAA1 overflow TAA1 18 01AOy | 000001AQy | nextPC
INTTAA1CCO | TAATCCICO | TAA1 capture 0/ compare 0 match TAA1 19 01BOy | 000001B0y | nextPC
INTTAA1CC1 | TAATCCIC1 | TAA1 capture 1/ compare 1 match TAA1 20 01C0y | 000001CO | nextPC
INTTAA20V | TAA20VIC | TAA2 overflow TAA2 21 01DO0y | 000001D0y | nextPC
INTTAA2CCO | TAA2CCICO | TAA2 capture 0/ compare 0 match TAA2 22 01EOy | 000001EQy | nextPC
INTTAA2CC1 | TAA2CCIC1 | TAA2 capture 1/ compare 1 match TAA2 23 01F0y | 000001F0 | nextPC
INTTAA3OV | TAA3OVIC | TAA3 overflow TAA3 24 02004 | 000002004 | nextPC
INTTAA3CCO | TAA3CCICO | TAAS capture 0/ compare 0 match TAA3 25 02104 | 00000210y | nextPC
INTTAA3CC1 | TAA3CCIC1 | TAAS capture 1/ compare 1 match |  TAA3 26 02204 | 000002204 | nextPC
INTTAA4OV | TAA4OVIC | TAA4 overflow TAA4 27 02304 | 00000230y | nextPC
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Interrupt Controller (INTC)

Table 5-1 V850ES/FE3, V850ES/FF3, VB50ES/FG3
interrupt/exception source list (2/3)
Interrupt/Exception Source :
Type S . Generating PDFZfal.]t" Exge;;tlon ;I:gdler Res;gred
Name Register Generating Source Unit riority ode ress

Maskable | INTTAA4CCO | TAA4CCICO | TAA4 capture 0/ compare 0 match TAA4 28 02404 | 00000240y | nextPC
INTTAA4CC1 | TAA4CCIC1 | TAA4 capture 1/ compare 1 match TAA4 29 0250y | 00000250 | nextPC
INTTMOEQO | TMOEQICO | TMMO compare match TMMO 30 02604 | 00000260, | nextPC
INTCBOR CBORIC ?eSCLBp(ii(r;cgfrl;(r)n completion / CSIBO 31 0270, | 000002704 | nextPC
INTCBOT CBOTIC Sﬁlg(:ag;glseecutive transmission CSIBO 3 0280 | 000002804 | nextPC
INTCB1R CB1RIC ?eSCLBp1“(r;c§frl;(r)n completion / CSIBI 33 0290, | 000002904 | nextPC
INTCBIT CBITIC Sﬁlg1erc]:22|seecutive transmission CSIBA 34 0240, | 00000240, | nextPC
INTUDOS uDosIC UARTDO status interrupt UARTDO 35 02B0y | 000002B0y | nextPC
INTUDOR UDORIC UARTDO reception completion UARTDO 36 02C04 | 000002C0y | nextPC
INTUDOT uDoTIC gr,:\:{leeDO consecutive transmission UARTDO 37 0200, | 00000200y | nextPC
INTUD1S uD1sIC UARTD1 status interrupt UARTD1 38 02E0y | 000002E0y | nextPC
INTUD1R UD1RIC UARTD1 reception completion UARTD1 39 02F0y | 000002F0y | nextPC
INTUDAT UDITIC :Jr/:‘:{b'lrem consecutive transmission UARTD 40 0300, | 00000300y | nextPC

INTIICO 11C0IC [ICO transfer completion [1CO
INTUD4S? UD4SIC UARTD4 status interrupt UARTD4 ! 03104 | 00000310 | nextPC
INTAD ADIC A/D conversion completion AD 42 03204 | 00000320y | nextPC
INTCOERR COERRIC | CANO error CANO 43 03304 | 000003304 | nextPC
INTCOWUP COWUPIC | CANO wake-up CANO 44 03404 | 00000340, | nextPC
INTCOREC CORECIC | CANO reception CANO 45 03504 | 00000350y | nextPC
INTCOTRX COTRXIC | CANO transmission CANO 46 03604 | 00000360, | nextPC
INTDMAQ DMAICO DMAO transfer completion DMAC 47 03704 | 000003704 | nextPC
INTDMA1 DMAICT DMAT1 transfer completion DMAC 48 0380y | 00000380y | nextPC
INTDMA2 DMAIC2 DMA2 transfer completion DMAC 49 0390y | 00000390y | nextPC
INTDMA3 DMAIC3 DMA3 transfer completion DMAC 50 03A04 | 000003A0y | nextPC
INTKR KRIC Key return interrupt KR 51 03B0y | 000003B0y | nextPC
INTWTI WTIIC Watch Timer interval WT 52 03C04 | 000003C04 | nextPC
INTWT WTIC Watch Timer reference time WT 53 03D0y | 000003D0y | nextPC
Reserved - - - 54 03EOy | 000003EQy | nextPC
INTFL FLIC Flash programming completion FLASH 55 03F0y | 000003F0 | nextPC
INTPg® PIC8 External interrupt 8 Pin 56 04004 | 00000400 | nextPC
INTPg? PICY External interrupt 9 Pin 57 04104 | 00000410y | nextPC
INTP10° PIC10 External interrupt 10 Pin 58 04204 | 00000420 | nextPC
INTTABIOV® | TABIOVIC | TAB1 overflow TAB1 59 04304 | 00000430, | nextPC
INTTAB1CCO® | TABICCICO | TAB1 capture 0 / compare 0 match TAB1 60 04404 | 00000440 | nextPC
INTTABICC1® | TABICCIC1 | TAB1 capture 1/ compare 1 match TAB1 61 0450y | 00000450 | nextPC
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Table 5-1 V850ES/FE3, V850ES/FF3, VB50ES/FG3
interrupt/exception source list (3/3)

Interrupt/Exception Source
Type T . Generaing PDFZfal.]t" Exge;;tion ;I:gdler Res;gred
Name Register Generating Source Unit riority ode ress

Maskable | INTTABICC2" | TAB1CCIC2 | TAB1 capture 2 / compare 2 match TAB1 62 0460y | 00000460y | nextPC
INTTABICC3® | TABICCIC3 | TAB1 capture 3/ compare 3 match |  TAB1 63 04704 | 000004704 | nextPC
INTUD2S" up2sic UARTD?2 status interrupt UARTD2 64 04804 | 00000480y | nextPC
INTUD2R® UD2RIC UARTD2 reception completion UARTD2 65 04904 | 00000490, | nextPC
INTUD2T® up2TIc ;Jr/]x:b'll'eDZ consecutive transmission UARTD? 66 04A0y | 000004A0 | nextPC
INTCIERR® | C1ERRIC | CAN1 error CANT 67 04B0y | 000004B0Oy | nextPC
INTCTWUP® | CIWUPIC | CAN1 wake-up CANT 68 04C04 | 000004C04 | nextPC
INTCIREC® | CIRECIC | CAN1 reception CAN1 69 04D0y | 000004D0y | nextPC
INTCITRX® | C1TRXIC | CAN1 transmission CAN1 70 04E0y | 000004E0y | nextPC
Reserved - - - 71 04F0y | 000004F0 | nextPC
Reserved - - - 72 05004 | 00000500y | nextPC
Reserved - - - 73 05104 | 00000510y | nextPC
INTP14° PIC14 External interrupt 14 Pin 74 05204 | 00000520 | nextPC
INTUD3S? uD3sIc UARTD3 status interrupt UARTD3 75 05304 | 000005304 | nextPC
INTUD3R? UD3RIC UARTDS3 reception completion UARTD3 76 05404 | 00000540y | nextPC
INTUD3T? ubsTIC :J:;{leg)S consecutive transmission UARTD3 77 0550, | 00000550, | nextPC
INTUD4R? UD4RIC UARTD4 reception completion UARTD4 78 05604 | 00000560y | nextPC
INTUD4T? UD4TIC :J::{leE4 consecutive transmission UARTDA4 79 0570, | 000005704 | nextPC

a) not available for
— V850ES/FE3
— V850ES/FF3
— uPD70F3374, yPD70F3375 of VB50ES/FG3
— uPD70F3378 of VB50ES/FJ3
b) not available for VB50ES/FE3, V850ES/FF3
c) not available for
— V850ES/FE3
— V850ES/FF3
— uPD70F3374, yPD70F3375 of VB50ES/FG3

Shared interrupts Some interrupt sources share the same maskable interrupt (see Table 5-2).

Table 5-2 V850ES/FE3, V850ES/FF3, VB50ES/FG3 shared maskable interrupts

Interrupt Source Default
Name Generating Unit Name Generating Unit Priority
INTIICO 1ICO INTUD4S UARTD4 41

Caution The interrupt sources in Table 5-2 must not be used concurrently.
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Table 5-3 V850ES/FJ3, VB50ES/FK3 interrupt/exception source list (1/4)
Interrupt/Exception Source
Type T . Generaing I[:’)e.falljtlt Exge;:’tion ;I:(r;dler Res;gred
Name Register Generating Source Unit riority ode ress
Reset RESET - Reset input by internal source RESET - 0000y | 00000000 | undef.
Non- NMI - NMI pin valid edge input Pin - 00104 | 00000010y | nextPC
maskable Fnrworz |- WDT2 overflow WDT2 | - | 00204 | 00000020, | nextPC
Sf;‘e“;‘f:n (THHAOFISCH) - TRAP Instruction - - | oo4ny | 00000040y | nextPC
(THHAOF:'F‘H) i TRAP instruction - - | o0sny | 00000050, | nextPC
tEr’;;ep“O” 'DLE?&P/ - :gsﬁi'cﬁgﬁ"d“ DBTRAP - - | 0060, | 00000060, | nextPC
Maskable | INTLVIL LVILIC Low voltage detection
(voltage falling below reference POCLVI 0 0080y | 00000080y | nextPC
level)
INTLVIH LVIHIC Low voltage detection
(voltage rising above reference POCLVI 1 00904 | 00000090y | nextPC
level)
INTPO PICO External interrupt 0 Pin 2 00A0y | 000000A0y | nextPC
INTP1 PIC1 External interrupt 1 Pin 3 00BOy | 000000BOy | nextPC
INTP2 PIC2 External interrupt 2 Pin 4 00C0y | 000000C0Oy | nextPC
INTP3 PIC3 External interrupt 3 Pin 5 00D0y | 000000D0y | nextPC
INTP4 PIC4 External interrupt 4 Pin 6 00EOy | 000000EOy | nextPC
INTP5 PIC5 External interrupt 5 Pin 7 00F0y | 000000F0 | nextPC
INTP6 PIC6 External interrupt 6 Pin 8 01004 | 000001004 | nextPC
INTP7 PIC7 External interrupt 7 Pin 9 01104 | 000001104 | nextPC
INTTABOOV | TABOOVIC | TABO overflow TABO 10 01204 | 00000120y | nextPC
INTTABOCCO | TABOCCICO | TABO capture 0 / compare 0 match TABO 11 01304 | 000001304 | nextPC
INTTABOCC1 | TABOCCIC1 | TABO capture 1/ compare 1 match TABO 12 01404 | 000001404 | nextPC
INTTABOCC2 | TABOCCIC2 | TABO capture 2 / compare 2 match TABO 13 01504 | 00000150y | nextPC
INTTABOCC3 | TABOCCIC3 | TABO capture 3 / compare 3 match TABO 14 01604 | 00000160, | nextPC
INTTAAOOV | TAAOOVIC | TAAO overflow TAAO 15 01704 | 00000170y | nextPC
INTTAAOCCO | TAAOCCICO | TAAO capture 0/ compare 0 match TAAO 16 01804 | 00000180y | nextPC
INTTAAOCC! | TAAOCCIC1 | TAAO capture 1/ compare 1 match TAAQ 17 01904 | 00000190y | nextPC
INTTAAIOV | TAATOVIC | TAA1 overflow TAA1 18 01AOy | 000001AQy | nextPC
INTTAA1CCO | TAATCCICO | TAA1 capture 0/ compare 0 match TAA1 19 01BOy | 000001B0y | nextPC
INTTAATCC1 | TAAICCIC1 | TAA1 capture 1/ compare 1 match | TAA1 20 01C04 | 000001COy | nextPC
INTTAA20V | TAA20VIC | TAA2 overflow TAA2 21 01DO0y | 000001D0y | nextPC
INTTAA2CCO | TAA2CCICO | TAA2 capture 0/ compare 0 match TAA2 22 01EOy | 000001EQy | nextPC
INTTAA2CC1 | TAA2CCIC1 | TAA2 capture 1/ compare 1 match TAA2 23 01F0y | 000001F0 | nextPC
INTTAA3OV | TAA3OVIC | TAA3 overflow TAA3 24 02004 | 000002004 | nextPC
INTTAA3CCO | TAA3CCICO | TAAS capture 0/ compare 0 match TAA3 25 02104 | 00000210y | nextPC
INTTAA3CC1 | TAA3CCIC1 | TAAS capture 1/ compare 1 match |  TAA3 26 02204 | 00000220y | nextPC
INTTAA4OV | TAA4OVIC | TAA4 overflow TAA4 27 02304 | 00000230y | nextPC
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Interrupt Controller (INTC)

Table 5-3 V850ES/FJ3, VB50ES/FK3 interrupt/exception source list (2/4)

Interrupt/Exception Source :
Type S . Generating PDFZfal.]t" Exgeztlon ;I:gdler Res;gred
Name Register Generating Source Unit riority ode ress

Maskable | INTTAA4CCO | TAA4CCICO | TAA4 capture 0/ compare 0 match TAA4 28 02404 | 00000240y | nextPC
INTTAA4CC1 | TAA4CCIC1 | TAA4 capture 1/ compare 1 match TAA4 29 0250y | 00000250 | nextPC
INTTMOEQO | TMOEQICO | TMMO compare match TMMO 30 02604 | 00000260, | nextPC
INTCBOR CBORIC ?eSCLBp(ii(r;cgfrl;(r)n completion / CSIBO 31 0270, | 000002704 | nextPC
INTCBOT CBOTIC Sﬁlg(:agca)glseecutive transmission CSIBO 3 0280 | 000002804 | nextPC
INTCB1R CB1RIC ?eSCLBp1“(r;c§frl;(r)n completion / CSIBI 33 0290, | 000002904 | nextPC
INTCBIT CBITIC Sﬁlg1erc]:ca)glseecutive transmission CSIBA 34 0240, | 00000240, | nextPC
INTUDOS uDosIC UARTDO status interrupt UARTDO 35 02B0y | 000002B0y | nextPC
INTUDOR UDORIC UARTDO reception completion UARTDO 36 02C04 | 000002C0y | nextPC
INTUDOT uDoTIC gr,:\:{leeDO consecutive transmission UARTDO 37 0200, | 00000200y | nextPC
INTUD1S uD1sIC UARTD1 status interrupt UARTDO 38 02E0y | 000002E0y | nextPC
INTUD1R UD1RIC UARTD1 reception completion UARTDO 39 02F0y | 000002F0y | nextPC
INTUDAT UDITIC :Jr/:‘:{b'lrem consecutive transmission UARTDO 40 0300, | 00000300y | nextPC

INTIICO 11C0IC [ICO transfer completion [1CO
INTUD4S UD4SIC UARTD4 status interrupt UARTD4 ! 03104 | 00000310 | nextPC
INTAD ADIC A/D conversion completion AD 42 03204 | 00000320y | nextPC
INTCOERR COERRIC | CANO error CANO 43 03304 | 000003304 | nextPC
INTCOWUP | COWUPIC | CANO wake-up CANO 44 03404 | 00000340, | nextPC
INTCOREC CORECIC | CANO reception CANO 45 03504 | 00000350y | nextPC
INTCOTRX COTRXIC | CANO transmission CANO 46 03604 | 00000360, | nextPC
INTDMAOQ DMAICO DMAQO transfer completion DMA 47 03704 | 00000370y | nextPC
INTDMA1 DMAICT DMAT1 transfer completion DMA 48 03804 | 00000380y | nextPC
INTDMA2 DMAIC2 DMA2 transfer completion DMA 49 03904 | 00000390 | nextPC
INTDMA3 DMAIC3 DMAS transfer completion DMA 50 03A04 | 000003A0y | nextPC
INTKR KRIC Key return interrupt KR 51 03B0y | 000003B0y | nextPC
INTWTI WTIIC Watch Timer interval WT 52 03C04 | 000003C04 | nextPC
INTWT WTIC Watch Timer reference time WT 53 03D0y | 000003D0y | nextPC
Reserved - - - 54 03EOy | 000003EQy | nextPC
INTFL FLIC Flash programming completion FLASH 55 03F0y | 000003F0 | nextPC
INTP8 PIC8 External interrupt 8 Pin 56 04004 | 00000400 | nextPC
INTP9 PICY External interrupt 9 Pin 57 04104 | 00000410y | nextPC
INTP10 PIC10 External interrupt 10 Pin 58 0420y | 00000420y | nextPC
INTTABIOV | TABTOVIC | TAB1 overflow TAB1 59 04304 | 00000430, | nextPC
INTTABICCO | TAB1CCICO | TAB1 capture 0 / compare 0 match TAB1 60 04404 | 00000440 | nextPC
INTTAB1CC1 | TABI1CCIC1 | TAB1 capture 1/ compare 1 match TAB1 61 0450y | 00000450 | nextPC
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Table 5-3 V850ES/FJ3, VB50ES/FK3 interrupt/exception source list (3/4)

Interrupt/Exception Source :
Type S . Generating PDFZfal.]t" Exge;;tlon ;I:gdler Res;gred
Name Register Generating Source Unit riority ode ress
Maskable | INTTABICC2 | TAB1CCIC2 | TAB1 capture 2 / compare 2 match TAB1 62 0460y | 00000460y | nextPC
INTTAB1CC3 | TABICCIC3 | TAB1 capture 3/ compare 3 match |  TAB1 63 0470y | 00000470, | nextPC
INTUD2S up2sic UARTD?2 status interrupt UARTD2 64 04804 | 00000480y | nextPC
INTUD2R UD2RIC UARTD2 reception completion UARTD2 65 0490 | 00000490y | nextPC
INTUD2T up2TIC ;Jr/]x:b'll'eDZ consecutive transmission UARTD? 66 04A0y | 000004A0 | nextPC
INTC1ERR C1ERRIC | CAN1 error CANI1 67 04B0y | 000004B0y | nextPC
INTCIWUP | CIWUPIC | CAN1 wake-up CANT1 68 04C0y | 000004C0y | nextPC
INTC1REC C1RECIC | CANT1 reception CAN1 69 04D0y | 000004D0y | nextPC
INTCITRX CITRXIC | CAN1 transmission CAN1 70 04E0y | 000004E0y | nextPC
INTP11 PICT1 External interrupt 11 Pin 71 04F0y | 000004F0y | nextPC
INTP12 PIC12 External interrupt 12 Pin 72 05004 | 000005004 | nextPC
INTP13 PIC13 External interrupt 13 Pin 73 05104 | 00000510y | nextPC
INTP14 PIC14 External interrupt 14 Pin 74 05204 | 00000520 | nextPC
INTUD3S? uD3sIc UARTD3 status interrupt UARTD3 75 05304 | 000005304 | nextPC
INTUD3R? UD3RIC UARTDS3 reception completion UARTD3 76 05404 | 00000540y | nextPC
INTUD3T® upsTIC :J:;{leg)S consecutive transmission UARTD3 77 0650, | 000005504 | nextPC
INTUD4R? UD4RIC UARTD4 reception completion UARTD4 78 05604 | 00000560y | nextPC
INTUD4T® UD4TIC :J::{leE4 consecutive transmission UARTD4 79 0670, | 000005704 | nextPC
INTTAB2OV | TAB20VIC | TAB2 overflow TAB2 80 05804 | 00000580 | nextPC
INTTAB2CCO | TAB2CCICO | TAB2 capture 0 / compare 0 match TAB2 81 05904 | 00000590y | nextPC
INTTAB2CC1 | TAB2CCIC1 | TAB2 capture 1/ compare 1 match TAB2 82 05A04 | 000005A0y | nextPC
INTTAB2CC2 | TAB2CCIC2 | TAB2 capture 2 / compare 2 match TAB2 83 05B0y | 000005B0y | nextPC
INTTAB2CC3 | TAB2CCIC3 | TAB2 capture 3 / compare 3 match TAB2 84 05C04 | 000005C0y | nextPC
INTUD5S? UD5SIC UARTDS5 status interrupt UARTD5 85 05D0y | 000005D0y | nextPC
INTCB2R CB2RIC CSIBZIreception completion / CSIB2
reception error 86 05E0; | 000005E0y | nextPC
INTUD5R? UD5RIC UARTD5 reception completion UARTD5
INTCB2T CB2TIC CSIBZ consecutive transmission CSIB?
write enable
INTUD5T? UDsTIC UARTDS5 consecutive transmission o 05F0u | 000003F0y | nextPC
enable UARTDS
INTC2ERR C2ERRIC | CAN2 error CAN2 88 06004 | 000006004 | nextPC
INTC2WUP | C2WUPIC | CAN2 wake-up CAN2 89 06104 | 00000610y | nextPC
INTC2REC C2RECIC | CAN2 reception CAN2 90 0620y | 00000620y | nextPC
INTC2TRX C2TRXIC | CAN2 transmission CAN2 91 06304 | 000006304 | nextPC
INTC3ERR® | C3ERRIC | CANS error CAN3 92 06404 | 00000640 | nextPC
INTC3WUP® | C3WUPIC | CAN3 wake-up CAN3 93 0650y | 00000650y | nextPC
INTC3REC® | C3RECIC | CAN3 reception CAN3 94 06604 | 00000660, | nextPC
INTC3TRX® | C3TRXIC | CAN3 transmission CAN3 95 0670y | 00000670, | nextPC
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Table 5-3 V850ES/FJ3, VB50ES/FK3 interrupt/exception source list (4/4)

Interrupt/Exception Source :
Type — Default | Exception | Handler | Restored
Name it Generating Source Generating | priority |  Code Address PC
Register Unit
Maskable | INTP15° PIC15 External interrupt 15 Pin 96 06804 | 00000680y | nextPC
INTTAASOV® | TAASQVIC | TAAS overflow TAAS 97 0690y | 00000690 | nextPC
INTTAASCCO® | TAASCCICO | TAAS capture 0 / compare 0 match TAA5 98 06A04 | 000006A0y | nextPC
INTTAASCC1® | TAASCCIC1 | TAAS capture 1/ compare 1 match TAA5 99 06B0y | 000006B0y | nextPC
INTTAAGOV® | TAABOVIC | TAAG overflow TAAB 100 06C0y | 000006C0y | nextPC
INTTAABCCO® | TAABCCICO | TAAG capture 0 / compare 0 match TAAG 101 06D0y | 000006D0y | nextPC
INTTAABCC1® | TAABCCIC1 | TAAG capture 1/ compare 1 match TAAG 102 06EO, | 000006EQy | nextPC
INTTAA7OV® | TAATOVIC | TAAT overflow TAA7 103 06F04 | 000006F0y | nextPC
INTTAA7CCO® | TAATCCICO | TAAT capture 0 / compare 0 match TAA7 104 07004 | 00000700y | nextPC
INTTAA7CC1® | TAATCCIC1 | TAAT capture 1/ compare 1 match TAA7 105 07104 | 00000710y | nextPC
INTUD6S® | UD6SIC UARTD® status interrupt UARTD6 | 106 0720y | 00000720y | nextPC
INTCB3R® CB3RIC CSIB3 reception completion / CSIB3
reception error 107 07304 | 000007304 | nextPC
INTUD6R® UD6RIC UARTD6 reception completion UARTD6
INTCBST® CB3TIC CSIB3 consecutive transmission
. CSIB3
write enable
108 07404 | 000007404 | nextPC
INTUDGT® UDSTIC UARTD6 consecutive transmission
UARTD6
enable
INTUD7SP ub7sIC UARTD?7 status interrupt UARTD7 | 109 07504 | 000007504 | nextPC
INTUD7R® | UD7RIC UARTD?Y reception completion UARTD7 110 07604 | 00000760y | nextPC
INTUD7T up7TIC :J:;{legﬂ consecutive transmission UARTD7 111 0770, | 000007704 | nextPC
INTAD1® AD1IC A/D1 conversion completion AD1 112 07804 | 00000780y | nextPC
INTC4ERR® | C4ERRIC | CAN4 error CAN4 113 07904 | 00000790y | nextPC
INTCAWUP® | C4WUPIC | CAN4 wake-up CAN4 114 07A0y | 000007A0y | nextPC
INTC4REC® | C4RECIC | CAN4 reception CAN4 115 07B0y | 000007BOy | nextPC
INTC4TRX® | CATRXIC | CAN4 transmission CAN4 116 07C0y | 000007CO | nextPC
a) not available for yPD70F3378 of VB50ES/FJ3
®  not available for V850ES/FJ3
©) not available for yPD70F3378, uPD70F3379, yPD70F3380 of VB50ES/FJ3
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Shared interrupts Some interrupt sources share the same maskable interrupt (see Table 5-4).

Table 5-4 V850ES/FJ3, VB50ES/FK3 shared maskable interrupts

Interrupt Source Default
Name Generating Unit Name Generating Unit | Priority
INTIICO lICO INTUD4S UARTD4 41
INTCB2R csiB2 INTUD5R UARTD5 86
INTCB2T INTUDST 87
INTCB3R cSsiB3 INTUD3R UARTD6 107
INTCB3T INTUDST 108

Caution The interrupt sources in Table 5-4 must not be used concurrently.

Note 1. Default priority:

2. Restored PC:

3. nextPC:

The priority order when two or more maskable
interrupt requests are generated at the same time.
The highest priority is O.

The value of the PC saved to EIPC or FEPC when
interrupt/exception processing is started. However, the
value of the PC saved when an interrupt is
acknowledged during division (DIV, DIVH, DIVU,
DIVHU) instruction execution is the value of the PC of
the current instruction (DIV, DIVH, DIVU, DIVHU).

The PC value that starts the processing following
interrupt/exception processing.

4. The execution address of the illegal instruction when an illegal opcode
exception occurs is calculated by (Restored PC — 4).
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5.2

O

()

Caution

Non-Maskable Interrupts

A non-maskable interrupt request is acknowledged unconditionally, even when
interrupts are in the interrupt disabled (DI) status.

Non-maskable interrupts of this microcontroller are available for the following
requests:

e NMI: NMI pin input
¢ INTWDT2: Non-maskable Watchdog Timer interrupt request

When the valid edge, specified by the INTRO.INTR02 and INTFO.INTFO02, is
detected atthe NMI pin, the NMI interrupt occurs.

The Watchdog Timer interrupt request is only effective as non-maskable
interrupt if WDTM2.WDM2[1:0] = 01 is chosen in the Watchdog Timer mode

register.

If multiple non-maskable interrupts are generated at the same time, the highest
priority servicing is executed according to the following priority order (the lower
priority interrupt is ignored):

INTWDT2 > NMI

Note that if a NMI from port pin or INTWDT2 request is generated while NMI
from port pin is being serviced, the service is executed as follows.

If a NMI is generated while NMI is being serviced

The new NMI request is held pending regardless of the value of the PSW.NP
bit. The pending NMIVC request is acknowledged after servicing of the current
NMI request has finished (after execution of the RETI instruction).

If a INTWDT2 request is generated while NMI is being serviced

If the PSW.NP bit remains set (1) while NMI is being serviced, the new
INTWDT2 request is held pending. The pending INTWDT2 request is
acknowledge after servicing of the current NMI request has finished (after
execution of the RET]I instruction).

If the PSW.NP bit is cleared (0) while NMI is being serviced, the newly
generated INTWDT2 request is executed (NMI servicing is halted).

1. Although the values of the PC and PSW are saved to an NMI status save
register (FEPC, FEPSW) when a non-maskable interrupt request is
generated, only the NMI can be restored by the RETI instruction at this time.
Because INTWDT2 cannot be restored by the RET]I instruction, the system
must be reset after servicing this interrupt.

2. If PSW.NP is cleared to 0 by the LDSR instruction during non-maskable
interrupt servicing, a NMI interrupt afterwards cannot be acknowledged
correctly.
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NMI and INTWDT2 requests generated
simultaneously

Main routine

INTWDT2 servicing

NMI and INTWDT2 —=
requests
(generated
simultaneously)

System reset

Figure 5-1 Example of non-maskable interrupt request acknowledgement operation:
multiple NMI requests generated at the same time
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NMI being
serviced

NMI request generated during NMI servicing

NMI

INTWDT2

NMI

NMI request generated during
NMI servicing

( Main routine )

NMI servicing

NMI request
NMI request A Y

o

(Held pending)

Servicing of
pending NMI

INTWDT2 request generated
during NMI servicing

(NP = 1 retained before NMI1
request)

Main routine

NMI servicing

INTWDT2 reques{ (Held pending)
NMI request

y

System reset

INTWDT2 request generated
during NMI servicing (NP=0
set before INTWDT2 request)

Main routine

NMIWDT

NMI servicing .
servicing

NP =0
NMIWDT
request

NMI
request

System reset

INTWDT2 request generated
during NMI servicing (NP=0
set after INTWDT2 request)

Main routine

INTWDT2

NMI servicing Senicng

NMI
request

System reset

INTWDT2 servicing

INTWDT2

NMI request generated during
INTWDT2 servicing

Main routine

INTWDT2
servicing

NMI request | (Invalid)

System reset

INTWDT2
request

NMI request generated
during INTWDT2 servicing

Main routine

INTWDT2
servicing

INTWDT2 request| (Invalid)

System reset

INTWDT2
request

Figure 5-2 Example of non-maskable interrupt request acknowledgement operation:
NMI request generated during NMI servicing
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5.2.1

Operation

If a non-maskable interrupt is generated, the CPU performs the following
processing, and transfers control to the handler routine:

1.

ok b

Saves the restored PC to FEPC.

Saves the current PSW to FEPSW.

Writes exception code 0010y to the higher halfword (FECC) of ECR.
Sets the NP and ID bits of the PSW and clears the EP bit.

Sets the handler address corresponding to the non-maskable interrupt to
the PC, and transfers control.

The processing configuration of a non-maskable interrupt is shown in

Figure 5-3.
( NMI input )
INTC
acknowledgement
Non-maskable interrupt
request
CPU processing
w |
0
FEPC < Restored PC

FEPSW «— PSW
ECR.FECC « Exception

code
PSWINP 1
PSW.EP «0
PSW.ID «1
PC < NMI-Handler
address

( Interrupt service ) (Interrupt request pending)

Figure 5-3 Processing configuration of non-maskable interrupt
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5.2.2

1)

Restore

NMI

Execution is restored from the non-maskable interrupt (NMI) processing by the
RET]I instruction.

When the RETI instruction is executed, the CPU performs the following
processing, and transfers control to the address of the restored PC.

1. Restores the values of the PC and the PSW from FEPC and FEPSW,
respectively, because the EP bit of the PSW is 0 and the NP bit of the PSW
is 1.

2. Transfers control back to the address of the restored PC and PSW.

Figure 5-4 illustrates how the RET]I instruction is processed.

RET]I instruction )

PC ~—EIPC PC < FEPC
PSW ~—EIPSW PSW = FEPSW

C

Original processing restored )

Figure 5-4

Caution

Note

()

RETI instruction processing

When the PSW.EP bit and PSW.NP bit are changed by the LDSR instruction
during non-maskable interrupt processing, in order to restore the PC and PSW
correctly during recovery by the RET]I instruction, it is necessary to set
PSW.EP back to 0 and PSW.NP back to 1 using the LDSR instruction
immediately before the RETI instruction.

The solid line indicates the CPU processing flow.

INTWDT2

Restoring by RETI instructio