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

General

The V850ES/Fx3-L 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-L 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-L 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-L 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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(3) 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.
1.2 Features Summary
The V850ES/Fx3-L series includes the following microcontrollers:
e V850ES/FE3-L
— pyPD70F3610
— pyPD70F3611
— pPD70F3612
— pyPD70F3613
— uyPD70F3614
* V850ES/FF3-L
— uPD70F3615
— pyPD70F3616
— pyPD70F3617
— pPD70F3618
— pyPD70F3619
* V850ES/FG3-L
— uPD70F3620
— uPD70F3621
— pyPD70F3622
The common CPU core provides:
¢ 83 instructions
e 32 general registers (32 bits each)
¢ Comprehensive instruction set:
— VB850ES (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)
— 82-bit shift instructions in 1 clock cycle
— Bit manipulation instructions
— Load/store instructions with long/short format
— Signed load instructions
RO1UH0469ED0201 Rev. 2.01 RENESAS 18
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Chapter 1 Introduction
1.3 Description
The following figure provides a functional block diagram of the V850ES/FE3-L,
V850ES/FF3-L, and V850ES/FG3-L microcontrollers.
NMI——
INTPO to INTP7 Interrupt Power and Reset
INTPS to INTP 1181 ——|  Controller —j=—
o Reset POC Low Voltage Detector Power supply
KRO to KR7 Key Interrupt
CPU
Note 4 Memory Access
~———= Code flash memory
Serial Interfaces
RXDDO to RXDD1 ——| CPU Core Notes
TXDDO to TXDD1 ~— UARTDO to UARTD1 f+— RAM
ASCKDO ——| BRG
Note 1 System Controller
%ggg UARTD2 ] Bus
BRG Control
SIBO to SIB1—] Standby Controller Unit
SOBO0 to SOB1 «—— CSIBOto CSIB1  fa— ]
SCKBO to SCKB1 +——»] [6Ra ]
SDA0O i
SCL00 re {
CRXD0 ——» Bridge
CANO P
CTXDO Internal Bus
Note 6
Control Interfaces | Ports
ANIO to ANI9 ———f Note 2,3
ANI10 to ANIT1Mete2 ——o Internal Timers I I I ] ] I I ] I ] I
ANI12 to ANI15M3——=  10-bit ADC
ADTRG ——~| 10/12/16 channels sT8fgczsass
AVREFO—| cecgceelfash
AVSS le—| 16-bit Timer M cocococoo2gelR g
SroasoNo= 0L
cogaadny g @ oo
o p ]
59 o
o o
Timers Watch Timer
TIAAOO to TIAA40 —]
TIAAO1 to TIAA41 —{  16-bit Timers Watchdog
TOAAQO to TOAAO = TAAD o TAA4 Timer 2 Clock Generator
TOAAO1 to TOAA41 -—— Internal oscillator

Auxiliary Functions

On-chip
debug unit

—DRST
~—DDI
—DDO
—DCK
~—DMS

240 KHz

Internal oscillator
8 MHz

Sub oscillator

[—XT1
—XT2

Main oscillator
with PLL/SSCG

X1
—X2
—PCL
— CLKOUT

Clock Monitor

Figure 1-1 V850ES/FE3-L, V850ES/FF3-L, V850ES/FG3-L block diagram
Table 1-2 on page 22 summarizes the different features of the VB50ES/FES-L,
VB850ES/FF3-L, VB50ES/FG3-L series devices, marked as “Notes” in Figure
1-1 on page 21.
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Table 1-2 V850ES/FE3-L, V850ES/FF3-L, VB50ES/FG3-L feature set differences

Note Feature V850ES/FE3-L V850ES/FF3-L V850ES/FG3-L
1 INTP8,INTP9, - - N
INTP10,
UARTD2
2 | ANIOto - V v
ANI11
3 |[ANH2to - - \
ANI15
4 Code flash refer to “Memory” on page 141
RAM refer to “Memory” on page 141
Ports refer to “Pin Functions” on page 29
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1.3.1

CPU

Bus Control Unit

ROM

RAM

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 19.

For the available RAM sizes, refer to Table 1-1 on page 19.
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 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-L 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 29

“CPU System Functions” on page 125
“Clock Generator” on page 148

“Interrupt Controller (INTC)” on page 209
“Key Interrupt Function” on page 249
Memory access

“Flash Memory” on page 251

Timers

“16-Bit Timer/Event Counter AA” on page 294
“16-Bit Interval Timer M” on page 359

“Watch Timer Functions” on page 367
“Watchdog Timer 2” on page 373

Serial interfaces

“Asynchronous Serial Interface (UARTD)” on page 379
“Clocked Serial Interface (CSIB)” on page 418

“C Bus (IIC)” on page 448
“CAN Controller (CAN)” on page 514

Control interfaces
“A/D Converter (ADC)” on page 653
Power and reset

“Power Supply Scheme” on page 690
“Reset” on page 693
“Low-Voltage Detector” on page 701

Auxiliary functions

“On-Chip Debug Unit” on page 711
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1.4 Ordering Information
1.4.1 VB50ES/FE3-L ordering information
On-chip .
Part number Package flash Q“a"t! Remark
grade
memory
UPD70F3610M1GBA-GAH-AX 64-pin plastic LQFP 64 KB A without Power-On-
2 . .
UPD70F3610M1GBA1-GAH-AX (0.5 mm, 10 x 10 mm*) Al Clear circuit
UPD70F3610M1GBA2-GAH-AX A2
UPD70F3610M2GBA-GAH-AX A with Power-On-
UPD70F3610AM2GBA1-GAH-AX Al Clear circuit
UPD70F3610AM2GBA2-GAH-AX A2
UPD70F3610M1GAA-GAN-AX 64-pin plastic LQFP A without Power-On-
2 . .
UPD70F3610M1GAA1-GAN-AX (0.4 mm, 7 x7 mm") A1 | Clear circuit
UPD70F3610M1GAA2-GAN-AX A2
UPD70F3610M2GAA-GAN-AX A with Power-On-
UPD70F3610AM2GAA1-GAN-AX Al Clear circuit
UPD70F3610AM2GAA2-GAN-AX A2
UPD70F3611M1GBA-GAH-AX 64-pin plastic LQFP 96 KB A without Power-On-
2 . .
UPD70F3611M1GBA1-GAH-AX (0.5 mm, 10 x 10 mm*) Al Clear circuit
UPD70F3611M1GBA2-GAH-AX A2
UPD70F3611M2GBA-GAH-AX A with Power-On-
UPD70F3611AM2GBA1-GAH-AX Al Clear circuit
UPD70F3611AM2GBA2-GAH-AX A2
UPD70F3611M1GAA-GAN-AX 64-pin plastic LQFP A without Power-On-
2 . .
UPD70F3611M1GAA1-GAN-AX (0.4 mm, 7 x7 mm) A1 | Clearcircuit
UPD70F3611M1GAA2-GAN-AX A2
UPD70F3611M2GAA-GAN-AX A with Power-On-
UPD70F3611AM2GAA1-GAN-AX Al Clear circuit
UPD70F3611AM2GAA2-GAN-AX A2
UPD70F3612M1GBA-GAH-AX 64-pin plastic LQFP 128 KB A without Power-On-
2 . .
UPD70F3612M1GBA1-GAH-AX (0.5 mm, 10 x 10 mm*) Al Clear circuit
UPD70F3612M1GBA2-GAH-AX A2
UPD70F3612M2GBA-GAH-AX A with Power-On-
UPD70F3612AM2GBA1-GAH-AX Al Clear circuit
UPD70F3612AM2GBA2-GAH-AX A2
UPD70F3612M1GAA-GAN-AX 64-pin plastic LQFP A without Power-On-
2 . .
UPD70F3612M1GAAT-GAN-AX (0.4 mm, 7 x 7 mm®) A1 | Clearcircuit
UPD70F3612M1GAA2-GAN-AX A2
UPD70F3612M2GAA-GAN-AX A with Power-On-
UPD70F3612AM2GAA1-GAN-AX A1 | Clearcircuit
UPD70F3612AM2GAA2-GAN-AX A2
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Part number Package o;;a(;t;llp g:‘:;:! Remark
memory
UPD70F3613M1GBA-GAH-AX 64-pin plastic LQFP 192 KB A without Power-On-
UPD70F3613M1GBA1-GAH-AX (0.5 mm, 10 x 10 mm?) A Clear circuit
UPD70F3613M1GBA2-GAH-AX A2
UPD70F3613M2GBA-GAH-AX A with Power-On-
UPD70F3613AM2GBA1-GAH-AX A1 | Clearcircuit
UPD70F3613AM2GBA2-GAH-AX A2
UPD70F3614M1GBA-GAH-AX 256 KB A without Power-On-
UPD70F3614M1GBA1-GAH-AX A1 | Clearcircuit
UPD70F3614M1GBA2-GAH-AX A2
UPD70F3614M2GBA-GAH-AX A with Power-On-
UPD70F3614AM2GBA1-GAH-AX A1 | Clearcircuit
UPD70F3614AM2GBA2-GAH-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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1.4.2 VB850ES/FF3-L ordering information

eIl Quality
Part number Package flash grade? Remark
memory
UPD70F3615M1GKA-GAK-AX 80-pin plastic LQFP 64 KB A without Power-On-
UPD70F3615M1GKAT-GAKAX (0.5 mm, 12 x 12 mm?) AT Clear circuit
UPD70F3615M1GKA2-GAK-AX A2
UPD70F3615M2GKA-GAK-AX A | with Power-On-
UPD70F3615M2GKA1-GAK-AX A1 | Clearcircuit
UPD70F3615M2GKA2-GAK-AX A2
UPD70F3616M1GKA-GAK-AX 96 KB A | without Power-On-
UPD70F3616M1GKAT-GAK-AX A1 | Clearcircuit
UPD70F3616M1GKA2-GAK-AX A2
UPD70F3616M2GKA-GAK-AX A | with Power-On-
UPD70F3616M2GKA1-GAK-AX A1 | Clearcircuit
UPD70F3616M2GKA2-GAK-AX A2
UPD70F3617M1GKA-GAK-AX 128 KB A | without Power-On-
UPD70F3617M1GKA1-GAK-AX A1 | Clearcircuit
UPD70F3617M1GKA2-GAK-AX A2
UPD70F3617M2GKA-GAK-AX A | with Power-On-
UPD70F3617M2GKA1-GAK-AX A1 | Clearcircuit
UPD70F3617M2GKA2-GAK-AX A2
UPD70F3618M1GKA-GAK-AX 192 KB A | without Power-On-
UPD70F3618M1GKA1-GAK-AX A1 | Clearcircuit
UPD70F3618M1GKA2-GAK-AX A2
UPD70F3618M2GKA-GAK-AX A | with Power-On-
UPD70F3618M2GKA1-GAK-AX A1 | Clearcircuit
UPD70F3618M2GKA2-GAK-AX A2
UPD70F3619M1GKA-GAK-AX 256 KB A | without Power-On-
UPD70F3619M1GKAT-GAK-AX A1 | Clearcircuit
UPD70F3619M1GKA2-GAK-AX A2
UPD70F3619M2GKA-GAK-AX A | with Power-On-
UPD70F36196M2GKA1-GAK-AX A1 | Clearcircuit
UPD70F3619M2GKA2-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-L ordering information

Sl Quality
Part number Package flash grade? Remark

memory
UPD70F3620M1GCA-UEU-AX 100-pin plastic LQFP 128 KB A without Power-On-
UPD70F3620M1GCAT-UEU-AX (0.5 mm, 14 x 14 mm?) AT Clear circuit
UPD70F3620M1GCA2-UEU-AX A2
UPD70F3620M2GCA-UEU-AX A | with Power-On-
UPD70F3620M2GCA1-UEU-AX A1 | Clearcircuit
UPD70F3620M2GCA2-UEU-AX A2
UPD70F3621M1GCA-UEU-AX 192 KB A | without Power-On-
UPD70F3621M1GCA1-UEU-AX A1 | Clearcircuit
UPD70F3621M1GCA2-UEU-AX A2
UPD70F3621M2GCA-UEU-AX A | with Power-On-
UPD70F3621M2GCA1-UEU-AX A1 | Clearcircuit
UPD70F3621M2GCA2-UEU-AX A2
UPD70F3622M1GCA-UEU-AX 256 KB A | without Power-On-
UPD70F3622M1GCA1-UEU-AX A1 | Clearcircuit
UPD70F3622M1GCA2-UEU-AX A2
UPD70F3622M2GCA-UEU-AX A | with Power-On-
UPD70F3622M2GCA1-UEU-AX A1 | Clearcircuit
UPD70F3622M2GCA2-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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2.1

Features summary

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.

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 32.

¢ Number of ports and port groups:

V850ES/FE3-L

V850ES/FF3-L

V850ES/FG3-L

Port groups

8

10

11

I/O ports

51

67

84

¢ Configuration possible for individual pins.

¢ For many pins, the connection of a pull-up resistor can be selected.
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Figure 2-1

2.1.1 Description

Port group O

Port group 1 {

Port group 3

Port group 4

Port group 5

Port group 7

P00

P06

P10 | FG3-L
P11 Jonly

P30
to
P35

P36 | Fga.L
p37 |only

P38 |FF3-L/
FG3-L
P39 on|y

P40
P42

P50
to

P55

P70
to
P79

P710 |FF3-L/
FG3-L
P711 on|y

FG3-L

to only

P712}
P715

P90
P91
P96
to
P99
P913
to
P915
P92
to
FG3-L, P95
only P910
to
P912
PCMO
PCMH1
FF3-L/( PCM2
FG3-L
only | PCM3
FF3-L/[ PCSO
FG3-L
only PCS1
PCTO
FF3-L/| PCT1
FG3-L
only PCT4
PCT6
PDLO
to
PDL7
FF3-L/( PDL8
FGS-L{ to
only | PDL11
FGa.L | PDL12
only | ppL13

The VB50ES/FE3-L, V850ES/FF3-L, and V850ES/FG3-L microcontrollers
have the port groups shown below.

Port group 9

Port group CM

} Port group CS

Port group CT

Port group DL

V850ES/FE3-L, VB50ES/FF3-L, V850ES/FG3-L 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. Any port group
can operate in 8-bit or 1-bit units. Port groups 3, 6, 9, and DL can additionally
operate in 16-bit units.

Note

Not all port groups and functions in Table 2-1 are available for all products of

the VB50ES/Fx3-L 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

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
UARTDO transmit/receive data
UARTDO baud rate clock input

3-bit input/output

Key interrupt input O to 2
Clocked Serial Interface CSIBO data/clock line

6-bit input/output

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

16-bit input/output

A/D Converter 0 inputs

16-bit input/output

External interrupt 4 to 6

Key interrupt input 6 to 7

Timer TAA2 channels

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

12C data/clock line

Programmable clock output

CM

6-bit input/output

CPU system clock output

CS

8-bit input/output

CT

8-bit input/output

DL

16-bit input/output

RO1UHO0469ED0201 Rev. 2.01
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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 33.

For every port, detailed information on the configuration registers is given in
“Port Type Diagrams” on page 47.

2.1.2 Terms

In this section, the following terms are used:

¢ 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, PO4 denotes port 4 of port
group 0. It is referenced as “port P04”.

e 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 116 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 34

* “Pin data input/output” on page 40

e “Configuration of pull-up resistors” on page 42

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=0,1,3t05,7,9, CM,CS, CT, DL
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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 711 for details.
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(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 47
Initial Value 00y or 0000y. This register is initialized by any reset.
7 6 5 4 3 2 1 0

| PMCn7 \ PMCn6 \ PMCn5 \ PMCnd \ PMCn3 \ PMCn2 \ PMCn1 | PMCnO |
RW RW RW RW RW RW RW RW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
\Pmcms\PMCnM\PMCnm\PMCnm\PMCnn \PMcmo| PMCng \ PMCn8 \ PMCn7 | PMCné \ PMCn5 \ PMCné \ PMCn3 | PMCn2 \ PMCh \ PMCn0 |
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

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
15t00 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 (), set PFCE.PFCEnm and
PFC.PFCnm accordingly.

Set PMCnm = 1 to change to the alternative mode.

Wait until the delay of the noise elimination filter has passed.

Set INTnIC.INTnIF = 0 to clear the interrupt request.

Clear INTNnIC.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).

ok wn
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(2) 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 47
Initial Value FFy or FFFFy. This register is initialized by any reset.
7 6 5 4 3 2 1 0

| PMn7 \ PMn6 \ PMn5 \ PMn4 \ PMn3 \ PMn2 \ PMn1 | PMnO |
RW RW RW RW RW RW RW RW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘PMn15‘PMn14|PMn13‘PMn12‘PMn11 ‘PMMO‘ PMn9 | PMn8 \ PMn7 \ PMn6 \ PMn5 | PMnd \ PMn3 \ PMn2 \ PMn1 \ PMn0 |
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

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
15t00 PMn[15:0] | 1: Input mode
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(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 47
Initial Value 00y or 0000y. This register is initialized by any reset.
7 6 5 4 3 2 1 0

| PFCn7 \ PFCn6 \ PFCn5 \ PFCné \ PFCn3 \ PFCn2 \ PFCni | PFCnO |
RW RW RW RW RW RW RW RW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
\Pchs\PFCnm\Pchs \ PFCn12 \ PFCn11 \Pcho| PFCng \ PFCn8 \ PFCn7 | PFCn6 \ PFCn5 \ PFCn4 \ PFCn3 | PFCn2 \ PFChf \ PECnO |
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 2-6 PFCn register contents

Bit position | Bit name Function
7100 PFCN[7:0] ;3:; ) E‘I’Dln function configuration (overview)” on page 34 for
15100 PFCN[15:0] (?s; iISP/n function configuration (overview)” on page 34 for
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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 47
Initial Value 00y or 0000y. This register is initialized by any reset.
7 6 5 4 3 2 1 0

|PFCEn7 \ PFCEn6 \ PFCEn5 \ PFCEn4 \ PFCEn3 \ PFCEn2 \ PFCENT |PFCEn0|
RW RW RW RW RW RW RW RW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘PFCEMS‘PFCEM4‘PFCEn13‘PFCEn12‘PFCEn11 ‘PFCEn10| PFCENg \ PFCEng \ PFCEn7 | PFCEN6 \ PFCEN5 \ PFCEn4 \ PFCEN3 | PFCEN2 \ PFCENT \ PFCEN0 |
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 2-7 PFCERn register contents

Bit position | Bit name Function
See “Pin function configuration (overview)” on page 34
7100 PFCEN(7:0] | o-% 0 9 ( )" on pag
1510 0 PFCEN[15:0] f?;\z eI;:/i'llsfunct/on configuration (overview)” on page 34
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®)

Access

Address

Initial Value

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 711.

Writing to this register is protected by a special sequence of instructions.
Please refer to “CPU System Functions” on page 125 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.

7 6 5 4 3 2 1 0
[ o [ o [ o | o [ o | o | o [ocomoj
R R R R R R R R/IW

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 cannot 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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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 47
Initial Value Undefined.
Note After reset, the ports are in input mode (PMn.PMnm = 1). The read input value

15 14 13 12

is determined by the port pins.

7 6 5 4 3 2 1 0
| Pn7 | Pn6 | Pn5 | Pn4 | Pn3 | Pn2 | Pn1 | Pno |
RW RW RW RW RW RW RW RW

11 10 9 8 7 6 5 4 3 2 1 0

|Pn15|Pn14|Pn13|Pn12|Pn11 |Pn1o| Pn9 | Pn8 | Pn7 | Pn6 | Pn5 | Pn4 | Pn3 | Pn2 | Pn1 | Pno |

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 2-9 Pn register contents
Bit position | Bit name Function
7t00 Pn[7:0] Data, see Table 2-10 on page 40 and Table 2-11 on
or or page 41 for details.
15t00 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 | wo

Write to Pn...

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

...without affecting the pin status 1 |

Read from Pn...

...and thus read the pin status 1 |

...and disregard the pin status 0 o
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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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224

1)

Access

Address

Initial Value

15 14 13 12

Configuration of pull-up resistors

PUn - Port pull-up resistor option register
The PUn register specifies whether a pull-up resistor is connected to the pin.

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.

see “Port Type Diagrams” on page 47

00y or 0000y. This register is cleared by any reset.

7 6 5 4 3 2 1 0
| PUN7 | PUn6 | PUn5 | PUn4 | PUN3 | PUN2 | PUNI | PUNO |
RW RW RW RW RW RW PRW RW

11 10 9 8 7 6 5 4 3 2 1 0

|PUn15|PUn14|PUn13|PUn12|PUn11 |PUn10| PUNY | PUN8 | PUN7 | PUNG | PUn5 | PUn4 | PUN3 | PUR2 | PUN1 | PUNO |
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 2-12 PUn register contents

Caution

Bit position | Bit name Function
7100 PUN[7:0] Specifies whether a_p%JII-up resistor is connected to
or or the corresponding pin:
15100 PUN[15:0] 0 no pull-up resnstor connected
1: pull-up resistor connected

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 47
Initial Value 0OFy or 0000y. This register is initialized by any reset.
7 6 5 4 3 2 1 0

| PFn7 | PFn6 | PFn5 | PFn4 | PFn3 | PFn2 | PFnt | PFnO |
RW RW RW RW RW RW RW RW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
\PFn15\PFn14|PFn13\Psz\PFnﬂ \PFmo\ PFn9 | PFn8 \ PFn7 \ PFn6 \ PFn5 | PFn4 \ PFn3 \ PFn2 \ PFn1 \ PFn0 |
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

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
15t00 PFn[15:0] | 1: Open-drain output
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Chapter 2 Pin Functions

2.3 Port Buffers Diagrams

This chapter presents the block diagrams of all buffer types.

The tables in “Port group configuration lists” on page 93 informs also about the
buffer type, used for each port.

(1) Buffer type 2

Figure 2-2 Block diagram: buffer type 2

(2) Buffertype5

VDD

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

Figure 2-3 Block diagram: buffer type 5

»—O IN/OUT

(3) Buffer type 5-AF

Voo
pullup
Voo
data :D)_{ P-ch
INJOUT
output N-ch
disable
input enable
[ N-ch
pulldown
enable
Figure 2-4 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 2-5 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 2-6 Block diagram: buffer type 5-W

Vop

P-ch

—C INJOUT
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(6)

Figure 2-7

o)

Figure 2-8

Buffer type 11-G

AVoo

output — h-
disable N-ch

T -
VREF T—\I;

(Aby2af— L FEE) AVSS

Block diagram: buffer type 11-G
Buffer type 16

feedback cut-off

|

P-ch

X1 XT2

Block diagram: buffer type 16

—O INJOUT

RO1UHO0469ED0201 Rev. 2.01

User Manual

RENESAS

46



Pin Functions

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 100 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 g 5
"\ 8 é
3 =
Address i (b) Input buffer control
RD
Figure 2-9 Port type C block diagram
2.4.2 Porttype C-U
EVDD
WReu
MO rom |
/ PUmn ’_> (c) Pull-up control —| Pch
WRem
g '.—> (a) Output buffer control
g WRporT
= Pmn Pmn
A
h \_i
Address >
R (b) Input buffer control
RD
Figure 2-10 Port type C-U block diagram
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2.4.3 Porttype DO

(a) Output buffer control
" (
g o ‘
2 A
©
% 1st alternate function »
‘E WRPORT "
£ (d) Output data Selection Pmn
Pmn
S
D 3
l —_—
’\/ %
Address

(b) Input buffer control

Yvy

Figure 2-11 Port type DO block diagram

2.4.4 Porttype DO-U

EVDD
WRpy
™M O
—/ (c) Pull-up control 4' Pch
WReMc

] C
WRpm

1st alternate function

(a) Output buffer control —®

* A 4
(d) Output data Selection _D_._._© Pmn

Internal bus

A 4

WRporT

Pmn

A

D
Selector

Address

(b) Input buffer control

AA A4

RD

Figure 2-12 Port type D0-U block diagram
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2.4.5 Porttype D1

(a) Output buffer control

© Pmn

WRewmc
"\
o]
>
° WRporT
[0
£
21 Pmn
£
’;
—D g
/\/ g
Address
RD

1st alternate f unction «g———

(b) Input buffer control
(e) Alternate function input

control

Figure 2-13 Port type D1 block diagram

2.4.6 Porttype D1-U

-

WRpy
"\1
—
(c) Pull-up control
WRpmc
5
WRpm
2]
3 (a) Output buffer control
= | PMmn
IS
ko] WRpoRrT
£
>
N4 gl Pmn
S
— 5
f\/ g
Address
.—f (b) Input buffer control
RD (e) Alternate function input
1st alternate fUNCHON «r—— control

Figure 2-14 Port type D1-U block diagram

EVDD

Pch

Pmn
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Chapter 2 Pin Functions

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 2-15 Port type D1-Ul block diagram
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2

Address

Chapter 2
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 2-16 Port type D3-Ul block diagram
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Chapter 2
2.4.9 Porttype D1A
WRemc
M—
WRem
. % (a) Output buffer control
§ WRporT
é Pmn 1L~ ._© Pmn
oIt
h \_i ﬁ
Address N
N (b) Input buffer control |
RD L
Pch
1st alternate function 4—@7
Nch
T
Figure 2-17 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 contral
st alternate fUNCHON «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 2-18 Port type D101-Ul block diagram
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Chapter 2
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 2-19 Port type D2 block diagram
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Figure 2-20 Port type E01-U block diagram

Chapter 2
2.4.12 Port type EO1-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
£ @
|
1st alternate function >
WRpoRrT .
(d) Output data Selection —D—.—.—@ Pmn
Pmn
A
P [4R S le
aV. g
Address <
" > (b) Input buffer control
RD : (e) Alternate function input
2nd alternate function < control
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Chapter 2
2.4.13 Port type E10-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
|
2nd 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
1st alternate function « control
Figure 2-21 Port type E10-U block diagram
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.—tv

WRpoRrT

2nd alternate function

(a) Output buffer control

{

Pmn

(d) Output data Selection

2

Address

RD ,I

(b) Input buffer control

Edge

detector

1st alternate function <=

Noise

remov al

Figure 2-22 Port type E10-Ul block diagram

(e) Alternate function input

control

Chapter 2 Pin Functions
2.4.14 Port type E10-Ul
EVDD
WRpu
M—D— o | JTT P E -~
c) Pull-up control c
WRIiNTR r
WRinTE
INTFmn
WReprc
WRpmc
)
21 PMCmn
©
g WRpm I
= I

—>¢e{(Ormn
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2.4.15 Porttype E11-U

EVDD
WRey
(MO rom
-/ PUmn (c) Pull-up control 4' Pch

WRprc ’_V

WRemc
@ PMCmn
2| WRew ® N
£ o——> (a) Output buffer control —o
2 PMmn ——

WRporT

Pmn '|>_.—._© Pmn
<« E:‘ ®
< 2« L)
Y &I
Address ®
‘ (b) Input buffer control
RD > .
»| (e)Alternate function input
1st alternate function < control
2nd alternate function
Figure 2-23 Port type E11-U block diagram
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2.4.16 Port type E11-Ul

EVDD

WRey

At BV
PUm >
-/ n (c) Pull-up control 4' Pch

WRIiNTR ’_>
INTRmn
WRinTe
INTFmn
WReprc
P PFCmn
= WRemc
(0]
£
@
z PMCmn
WRpm ® >
@ _————» (a)Output buffer control ———@
PMmn o ————
WRport
Pmn ,|>_.—.—© Pmn
5@
D ’;: %
™\ © (¢ ® =
2 e ® |3
Iil
©
® e o (—
Address
“ (b) Input buffer control
RD A ; >
Edge Noise > o
1st alternate function €— g l— [ (e) Alternate function input e
detector removal control
2nd alternate function <

Figure 2-24 Port type E11-Ul block diagram
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2.4.17 Port type E21-U

EVDD
WRey
MO _am |
PUmn
-/ (c) Pull-up control 4' Pch
Output enable signal 1 _| ’—V
WRerc in alternative mode
PFCmn
WRpmc
PMCmn
® WRew C‘
K () (a) Output buffer control —o
T PMmn @
g
£ (
o
v
1st alternate function >
WRepoRrT " _| >—.—.—(::)
(d) Output data Selection | Pmn
Pmn
D E: L/
< ks ® 5
AV, 3|e ® (¢
l (]
&l
@ e
Address ®
[ (b) Input buffer control
RD <
»| (e) Alternate function input
1st alternate function < control
2nd alternate function
Figure 2-25 Port type E21-U block diagram
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Chapter 2
2.4.18 Port type Ex0-U
EVDD
WRey
e
-/ (c) Pull-up control 4' Pch
WRprc ’—V
PFCmn
WRemc
PMCmn
WRPM !
3 P (a) Output buffer control  —@
2 PMmn o ————>
®
c
@
£
'R
2nd alternate function >
WRporT . _| >_._H:)
(d) Output data Selection Pmn
Pmn
9]
«{ ’ZA
hal Q
’\/ $

Address

(b) Input buffer control

Figure 2-26 Port type Ex0-U block diagram
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2.4.19 Port type Ex1-U

EVDD

WRepy

N4
3 |
(c) Pull-up control Pch

WRprc r

WRemc
P 1 PMCmn
- WRepm ® R
[3]
= @———> (a) Output buffer control  ———@
27 PMmn L 4
- WRpoRrT

Pmn '\> L G 4 C) Pmn

h
D
Selector
A

Address >
>

@ > (b) Input buffer control

RD B (e) Alternate function input

control

2nd alternate function <

Figure 2-27 Port type Ex1-U block diagram
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2.4.20 Port type Ex1-Ul

EVDD
WRpu
4
—5 >
(c) Pull-up control 4' Pch
WRinTrR r
1 INTRmn
WRinte
INTFmn
WReprc
= WRemc
©
£
£
WRpm ® -
@——> (a) Output buffer control  |———@
1 PMmn . 4
WRpoRrT
Pmn 'l>—.—.—©Pmn
< N

2

Address
.’ (b) Input buffer control
RD E I R
(e) Alternate function input
. Edge Noise >
2nd alternate function «g=— ke—] % control
detector remov al

Figure 2-28 Port type Ex1-Ul block diagram
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Chapter 2
2.4.21 Port type Ex2-U
EVDD
WRpy
M
- (c) Pull-up control 4' Pch

Output enable signal 2

WRprc in alternative mode

PFCmn
WRpmc

(a) Output buffer control

I

(d) Output data Selection

S —
< (b) Input buffer control

” WRpm <
>
o |
3 _é_.[ PMmn =
£
[}
£
2nd alternate function >
WRpoRrT
Pmn
E
—D) 5
av, g
Address <
RD

a! (e) Alternate function input

control

2nd alternate function

Figure 2-29 Port type Ex2-U block diagram

—>—9-6—C) pmn
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Chapter 2
2.4.22 Porttype FO10x-U
EVDD
WRpy
M oo
WCE = (c) Pull-up control 4| Pch

1 PFCEmn

WRerc

PFCmn
WRewmc

WRpw

(a) Output buffer control

l‘w

(d) Output data Selection

—>—¢e{(Ormn

(b) Input buffer control

(2]
3 To >
— [ ———
2 °
=
- [ 2
1st alternate function D
3rd alternate function >
WRporT
Pmn
< N E
AV, %
n
Address
L4
RD >

(e) Alternate function input

control

2nd alternate function

Figure 2-30 Port type FO10x-U block diagram
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Internal bus

2nd alternate
function

2.4.23 Port type FO10x-Ul

WRpy

O—__Pum |

(c) Pull-up control

EVDD

(d) Output data Selection

—>—9-8—3) Pmn

(e) Alternate function input

WRprce >
INTRmn
(M INTFmn
1 PFCEmn
WReprc
WRpmc
a
é > PMCmn
WRpm
” (a) Output buffer control
1 PMmn * 4
2
[ 2
‘V A
1st alternate function >
3rd alternate function >
WRpoRrT
Pmn
5 [¢——@
M [4R ’; < .’
\/ T |« 9 5
" (4 ® g
< ® |o
(%]
Address <
( < (b) Input buffer control
4 >
RD I v >
Edge P Noise > control
detection rejection [
Figure 2-31 Port type F010x-Ul block diagram
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Chapter 2
2.4.24 Port type F100x-U
EVDD
WRpy
M oo
WCE = (c) Pull-up control 4| Pch

1 PFCEmn

WRerc

PFCmn
WRewmc

WRpMm

(a) Output buffer control

l‘w

(d) Output data Selection

—>—¢o{(Ormn

(b) Input buffer control

(2}
3 To >
= o>
2 °
c
- [ 2
2nd alternate function >
3rd alternate function >
WRporT
Pmn
o N E
AV, %
%]
Address
L4
RD >

(e) Alternate function input

control

1st alternate function ¢

Figure 2-32 Port type F100x-U block diagram
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2.4.25 Porttype F1010-U

EVDD
WRey
MO ]
PUmn
-/ (c) Pull-up control 4' Pch
WRprce ’_’
PFCEmn
WRprc
PFCmn
WRpmMc
PMCmn
8 WRem “
2 ® (a) Output buffer control  ————@
@
c PMmn L
Q
£ ®
= (
o
*V A 4
2nd alternate function >
4th alternate function »
WRpORT (d) Output data Selection _D_._._@) Pmn
Pmn
< JAR EJ .‘
v, 2 g Y o
3 [ ® (2
< o}
|8l o T—
Address ®
@ (b) Input buffer control
@
RD 1<
».| (e)Alternate function input
1st alternate function control il
3rd alternate function <
Figure 2-33 Port type F1010-U block diagram
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2.4.26 Porttype F101x-U

EVDD

WRpu

Y
—3 |
(c) Pull-up control Pch

WRepEce r
1 PFCEmn

WRerc

PFCmn
WRewmc

(2}
2] wRem Y >
T @———»] (@) Output buffer control —@
G I PMmn . 4 >
g °
[ 2
[ 2
lw Y

2nd alternate function

WR
_éi.l: (d) Output data Selection _D_’_._@) Prmn

Pmn

A
D
Selector

A%
Address
@
[ (b) Input buffer control
[ 4
RD >
a| (e) Alternate function input
1st alternate function control
3rd alternate function

Figure 2-34 Port type F101x-U block diagram
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Chapter 2
2.4.27 Port type F110000-U
EVDD
WRey
At BV
PUm >
-/ n (c) Pull-up control 4' Pch
OCDM signal ’_>
WReprce
PFCEmn
WRerc
PFCmn
WRpmc
PMCmn
WR
_‘é P (a) Output buffer control  —@
S T *
g
£
*V \ AR
3rd alternate function >
4th alternate function >
On-chip debug function (d) Output data Selection —D—.—'—© Pmn
WReporT
Pmn
’;:
< O |¢
N % ol b =
3 e ® |
3]« 71—
Address
@

(b) Input buffer control

RD

Al

(e) Alternate function input

y

1st alternate function

A

control

2nd alternate function

A

Figure 2-35 Port type F110000-U block diagram
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Chapter 2
2.4.28 Port type F110001-U
EVDD
WRey
M ~
_/ PUmn (c) Pull-up control 4' Pch
OCDM signal ’_’
WRerce
PFCEmn
WRerc
PFCmn
WRemc
PMCmn
3 WR
% PM (a) Output buffer control ~ ————@
£

22

3rd alternate function

Y Vv

4th alternate function

WRporT
Pmn
’;:
N 4>
"¢
Address

(d) Output data Selection

—T>o(Orm

Selector
A

(b) Input buffer control

RD

1st alternate function
2nd alternate function
On-chip debug function

A

control

A

(e) Alternate function input

Figure 2-36 Port type F110001-U block diagram
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Chapter 2
2.4.29 Porttype F1100-U
EVDD
WRey
MO om ]
PU
-/ mn (c) Pull-up control 4' Pch
WRprce ’_’
PFCEmn
WRprc
PFCmn
WRpmMc
PMCmn
g WRpm “
2 (a) Output buffer control  ————@
g PMmn L
£ %
*V A 4
3rd alternate function >
4th alternate function »
WRpORT (d) Output data Selection —D_._._@) Pmn
Pmn
O ’;HA ®
Y 3 [¢ 5
o [« @ 5
Eﬁ o (—
Address
@ (b) Input buffer control
@
RD 1<
».| (e) 1st alternate function input
1st alternate function < control
2nd alternate function <
Figure 2-37 Port type F1100-U block diagram
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2.4.30 Porttype F1110-Ul

EVDD
WRey
MO >
-/ (c) Pull-up control 4' Pch
WRIinTR ’_’
INTRmn
WRinTF
INTFmn
WReprce
PFCEmn
WRprc
PFCmn
(2}
2 WRemc
©
£
ko) PMCmn
=
- WRem “ <
.—’ (a) Output buffer control —‘
PMmn @ ————
.C
®
12
4th alternate function »
WRPORT .
(d) Output data Selection | Pmn
S
E: )
NP 4> %
o [« L ) 5
< ® |
|i|‘
o]
® ¢ o (—
Address
@
‘ (b) Input buffer control
? @
RD X ¢ 1€
Edge Noise >
1st alternate function € 9 < (e) Alternate function input
detector removal l—
control
2nd alternate function

<&

3rd alternate function

Figure 2-38 Port type F1110-Ul block diagram
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2.4.31 Port type F113x-Ul

EVDD
WRepy
At IV
PUMN >
-/ (c) Pull-up control 4' Pch
WRiNTR ’_>
INTRmn
WRinTe
INTFmn
WRprce
PFCEmn
WRprc
(2}
3
o
§ PFCmn
g WRemc
IS
WRem
(a) Output buffer control —‘
PMmn @ ———>
WReporT
Pmn '|>_.—.—@ Pmn
E: %
NP 4> %
n [« L ) s
> ® |3
2
“a 71—
Address
@
‘ (b) Input buffer control
? @
RD >
1st alternate function <
2nd alternate function (e) Alternate function input e
control
A £
E Noi
3rd alternate function <— dge [ olse
(INTPX) detector removal
3rd alternate function <
(RXDDy)
Figure 2-39 Port type F113x-Ul block diagram
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(a) Output buffer control

1 of

111

[ 2
4th alternate function
WRporT
Pmn
5
— ’Z %
NS \J/ 2 9
n
Address
@
@

(d) Output data Selection

(b) Input buffer control

T

RD ,I

1st alternate function <=
detector

Edge Noise

(e) Alternate function input

remov al

control

3rd alternate function

Figure 2-40 Port type F1x10-Ul block diagram

Chapter 2 Pin Functions
2.4.32 Port type F1x10-Ul
EVDD
WRpy
(M—S—rm ] ~
' PUmn (c) Pull-up control 4' Pch
WRinTR r
WRinTF
INTFmn
WRPpFce
WRepec
w
3 WRepwmc
-
o1 PMCmn
< -
- WRpm g

—{>9(C pm
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Address

(b) Input buffer control

T

RD ,I

X Edge
1st alternate function <=

(INTPx) detector remov al

1st alternate function <
(RXDDy)

3rd alternate function <

(e) Alternate function input

control

Figure 2-41 Port type F1x1x-Ul block diagram

Chapter 2 Pin Functions
2.4.33 Port type F3x1x-Ul
EVDD
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2.4.34 Port type F1xx001-U
EVDD
WRey
MO im ]
PU
-/ mn (c) Pull-up control 4' Pch
OCDM signal ’_>
WReprce
PFCEmn
WRpec
PFCmn
WRpmc
é -~ PMCmn
E P (a) Output buffer control  —@

WRport

22

4th alternate function

Pmn

l
A
A
\J

Selector

AAAAAA

Address

(d) Output data Selection

—T>oe(Orm

Selector
A

RD

(b) Input buffer control

1st alternate function <

A

On-chip debug function

(e) Alternate function input

control

Figure 2-42 Port type F1xx001-U block diagram

RO1UHO0469ED0201 Rev. 2.01

User Manual

RENESAS

77



Pin Functions

Chapter 2
2.4.35 Port type Fx010-U
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2.4.36 Port type Fx01x-U
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2.4.37 Port type Fx103-Ul
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Figure 2-45 Port type Fx103-Ul block diagram

RO1UHO0469ED0201 Rev. 2.01 RENESAS
User Manual



Pin Functions

Chapter 2
2.4.38 Port type Fx10x-U
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Figure 2-47 Port type Fx10x-Ul block diagram
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2.4.40 Porttype Fx110-U
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2.4.41 Port type Fx120-UFI
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2.4.42 Port type Fx123-UFI
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2.4.43 Port type Fx12x-UFI
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2.4.44 Port type Fx13x-U
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2.4.45 Porttype Fx210-U

EVDD
WRey
MO o Ty
PUmMn >
-/ (c) Pull-up control 4' Pch
Output enable signale 2 |
WRerce in alternative mode
PFCEmn
WRprc
PFCmn
WRpmc
PMCmn
2 WR | ‘C
% M [ (a) Output buffer control  —@
g (
e ST *
c
= (
(
o
*V‘
2nd alternate function »
4th alternate function >
WRpoRT (d) Output data Selection _D_._._@) Pmn
Pmn
L le ®
O Ei L/
< Q< LJ
&S 3 5
|3
<
|3 (1=
Address
@
@ (b) Input buffer control
@
RD
(e) Alternate function input
4—
2nd alternate function < control
3rd alternate function <
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2.4.47 Port type Fxx10-U
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2.4.48 Port type Fxx1x-U
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2.4.49 Porttype Fxx2x-U
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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 93). In Table 2-40 on page 120t 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 100 to “Port group DL’ on

page 115.

2.5.1

Port group configuration lists

Table 2-14 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 - - 5-W

P37 - - 5-w

P3g8® | TXDD2?2 - 5-W

P39® |- RXDD2%/INTP8?2 5-W

P40 - SIBO/KRO 5-w

4 P41 SOBO KR1 5-W
P42 SCKBO SCKBO0/KR2 5-W

P50 - KRO 5-w

P51 - KR1 5-W

P52 - KR2/DDI 5-W

° P53 DDO KR3 5-w
P54 - KR4/DCK 5-W

P55 - KR5/DMS 5-W
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Table 2-14 V850ES/FE3, V850ES/FF3, VB50ES/FG3 port group list (2/3)

::::Sroup :::e Alternative outputs | Alternative inputs tByl:;er
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
P7128 |- 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
Pg22 - - 5-W
P932 - - 5-W
P42 - - 5-W
P952 - - 5-W
P96 TOAA21 TIAA21 5-W
P97 TOAA20 SIB1/TIAA20 5-W
° P98 SOB1 - 5-W
P99 SCKBT1 SCKBH1 5-W
P910® |- - 5-W
P9112 |- - 5-W
P9122 |- - 5-W
P913 | PCL INTP4 5-W
P914 | SDA0O SDAOO/INTP5 5-W
P915 | SCLOO SCLOO/INTP6 5-W
PCMO |- - 5
oM PCM1 | CLKOUT - 5
PCM2P |- - 5
PCM3® |- - 5
cab PCSO |- - 5
PCS1 |- - 5
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Table 2-14 V850ES/FE3, V850ES/FF3, V850ES/FG3 port group list (3/3)
::::group :::e Alternative outputs | Alternative inputs tByl:’f;er
PCTO |- - 5
o PCT1 |- -~ 5
PCT4 |- - 5
PCT6 |- -~ 5
PDLO |- - 5-K
PDL1 |- - 5-K
PDL2 |- - 5-K
PDL3 |- - 5-K
PDL4 |- - 5-K
PDL5 |- FLMD1 5-K
oL PDL6 |- - 5-K
PDL7 |- - 5-K
PDL8> |- - 5-K
PDLO® |- - 5-K
PDL10° | — - 5-K
PDL11P |- - 5-K
PDL122 | — - 5-K
PDL132 | — - 5-K
a)  V850ES/FG3 only
b)  V850ES/FF3, VB50ES/FG3 only
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unctions

2.5.2 Alphabetic pin function list

Table 2-15 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-L. These are listed in Table 2-14 on page 93.

Table 2-15 Alphabetic pin functions list (1/3)

Pin number
Pin name | 1/O | Pin function Port | v850ES/| V850ES/| V850ES/
FE3-L FF3-L FG3-L
ADTRG I | A/D Converter 0 external trigger input P03 15 6 18
ANIO I | A/D Converter 0 input 0 to 23 P70 64 80 100
ANN P71 63 79 99
ANI2 P72 62 78 98
ANI3 P73 61 77 97
ANI4 P74 60 76 96
ANI5 P75 59 75 95
ANI6 P76 58 74 94
ANI7 P77 57 73 93
ANI8 P78 56 72 92
ANI9 P79 55 71 91
ANI10 P710 - 70 90
ANI11 P711 - 69 89
ANI12 P712 - - 88
ANI13 P713 - - 87
ANI14 P714 - - 86
ANI15 P715 - - 85
ASCKDO I | UARTDO baud rate clock input P32 24 24 27
AVREFO — | A/D Converter 0 reference voltage input - 1 1 1
AVSS — | A/D Converter 0 ground - 2 2 2
BVDD — | I/O buffer supply voltage - - - 70
BVSS — | I/O buffer supply ground - - - 69
CLKOUT O | CPU system clock output PCMH1 46 50 62
CRXDO I | CAN receive data P04 16 7 19
P34 26 26 29
CTXDO O | CAN transmit data P06 18 18 21
P33 25 25 28
DCK I | N-Wire interface clock P54 34 36 41
DDI I | N-Wire interface debug data input P52 30 34 39
DDO O | N-Wire interface debug data output P53 31 35 40
DMS I | N-Wire interface debug mode select input P55 35 37 42
DRST | | N-Wire debug interface reset P05 17 17 20
EVDD — | Port buffer supply voltage - 33 31 5,34
EVSS — | Port buffer supply voltage - 32 30 33
R0O1UH0469ED0201 Rev. 2.01 96

User Manual

RENESAS



Chapter 2

Pin Functions

Table 2-15 Alphabetic pin functions list (2/3)

Pin number
Pin name | /O | Pin function Port | v850ES/| V850ES/| V850ES/
FE3-L FF3-L | FG3-L

FLMDO — | Flash programming mode setting pin - 3 8 8
FLMD1 | | Flash programming mode setting pin PDL5 52 62 76
INTPO | External interrupts INTPO - INTP10 P03 15 6 18
INTP1 P04 16 7 19
INTP2 P05 17 17 20
INTP3 P06 18 18 21
INTP4 P913 42 44 56
INTP5 P914 43 45 57
INTP6 P915 44 46 58
INTP7 P31 23 23 26
INTP8 P39 - - 36
INTP9 P10 - -
INTP10 P11 - -
INTP15 P615 - - -
KRO | Key interrupt KRO - KR7 P40 19 19 22

P50 28 32 37
KR1 P41 20 20 23

P51 29 33 38
KR2 P42 21 21 24

P52 30 34 39
KR3 P53 31 35 40
KR4 P54 34 36 41
KR5 P55 35 37 42
KR6 P90 36 38 43
KR7 P91 37 39 44
NMI | Non-maskable interrupt P02 14 5 17
PCL O | Programmable clock output P913 42 44 56
REGC — | External voltage regulator capacitor connection - 5 10 10
RESET | | Reset input - 9 14 14
RXDDO I UARTD receive data P31 23 23 26
RXDD1 P91 37 39 44
RXDD2 P39 - - 36
SCKBO I/O | Clocked Serial Interface 0-3 clock lines P42 21 21 24
SCKBH1 P99 41 43 52
SCLoOo I/0 | 12CO clock line P915 44 46 58
SDA00 /0 | 12C0 data line P914 43 45 57
SIBO I | Clocked Serial Interface data input P40 19 19 22
SIB1 P97 39 41 50
SOBO O | Clocked Serial Interface data output P41 20 20 23
SOBH1 P98 40 42 51

RO1UH0469ED0201 Rev. 2.01 97

User Manual

RENESAS



Chapter 2

Pin Functions

Table 2-15 Alphabetic pin functions list (3/3)

Pin number
Pin name | /O | Pin function Port | v850ES/| V850ES/| V850ES/
FE3-L FF3-L | FG3-L

TIAAQO I | Timer TAA channel O capture trigger input P32 24 24 27
TIAA10 P34 26 26 29
TIAA20 P97 39 41 50
TIAA30 PO1 13 7
TIAA40 P02 14 17
TIAAO1 | | Timer TAA channel 1 capture trigger input P33 25 25 28
TIAA11 P35 27 27 30
TIAA21 P96 38 40 49
TIAA31 P00 12 6
TIAA41 P03 15 18
TOAAO00 O | Timer TAA channel 0 signal output P32 24 24 27
TOAA10 P34 26 26 29
TOAA20 P97 39 41 50
TOAA30 PO1 13 7
TOAA40 P02 14 17
TOAAO1 O | Timer TAA channel 1 signal output P32 24 24 27
P33 25 25 28
TOAA11 P35 27 27 30
TOAA21 P96 38 40 49
TOAA31 P00 12 3 6
TOAA41 P03 15 6 18
TXDDO O | UARTD transmit data P30 22 22 25
TXDD1 P90 36 38 43
TXDD2 P38 - - 35
vDD — | Core supply voltage - 4 9 9
VSS — | Core supply ground - 6 11 11
X1 | Main clock resonator connection - 7 12 12
X2 — | Main clock resonator connection - 8 13 13
XT1 I | Sub oscillator resonator connection - 10 15 15
XT2 — | Sub oscillator resonator connection - 11 16 16
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Note The following alternative functions are provided on two pins each:

Caution

Unit Alternative function /0 | Port1 Port 2
Timer TOAAO1 O | P33 P32
CAN CTXDO O | P06 P33
CRXDO | | P04 P34
Key interrupt KRO I P40 P50
KR1 I | P41 P51
KR2 | | P42 P52

Thus you can select on which pin the alternative function should appear. Refer
to “Pin function configuration” on page 34.

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 2-16 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 39 and to “On-Chip Debug Unit” on page 711.

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 96.

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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Chapter 2 Pin Functions

Table 2-17 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 39 and to “On-Chip
Debug Unit” on page 711)

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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Chapter 2 Pin Functions
2.5.4 Port group 1 (V850ES/FG3, V850ES/FJ3, VB50ES/FK3)
Note Port group 1 is available only for VB50ES/FG3-L.
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 2-18 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) DI-UI | A S2
P11 INTP10 (1) P11 (1) DI-UI | 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 2-19 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 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)

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

Port group 3 includes the following pins:

Table 2-20 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 (I) i

INTP7 (I D3-Ul A S1
P32 ASCKDO (I) | TOAA01 (O) | TIAAQO (I) | TOAAO00 (O) | P32 (I) F1010-U A S2
P33 TIAAO1 (I) | TOAAO01 (O) | CTXDO (O) | prohibited P33 (1) F100x-U A S2
P34 TIAA10 (I) | TOAA10 (O) | CRXDO (l) | prohibited P34 (1) F101x-U A S1
P35 TIAA11 (I) | TOAA11 (O) | — - P35 (1) E10-U A S2
P36° - - - - P36 (1) DoO-U - S1
P37° - - - - P37 (1) D1-U - S1
p3gd TXDD2 - - - P38 (1) c-ue _ S

(0)¢ DO-U
p39d RXDD2 ()%/ | - - - P39 (1) c-ue A St

INTPS (I)° D3-Ul

a)

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-L, V850ES/FF3-L
9 not available for V850ES/FE3-L
®  for V850ES/FF3-L

A: analog noise filter only for INTPn, TIAAnm inputs

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 34.
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Table 2-21 Port group 3: configuration registers
Register Address :":Itli‘ael Used bits
V850ES/FE3-L
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 F466y | 00y X X PFC35 PFC34 | PFC33 PFC32 | X X
PFCE3L FFFF F706y | 00 X X X PFEC34 | PFCE33 |PFCE32 | X X
P3L FFFF F406y | undefined | X X P35 P34 P33 P32 P31 P30
PU3L FFFF FC46y | 00y X X PU35 PU34 PU33 PU32 PU31 PU30
V850ES/FF3-L
PMC3L FFFF F446, | 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 F4264 | FFFFy PM315 to PM38 (PM3H) PM37 to PM30 (PM3L)
PFC3L FFFF F466y | 00y X X PFC35 PFC34 | PFC33 PFC32 | X X
PFCE3L FFFF F706y | 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, | 00y X X X X X X PU39 PU38
PU3 (16 bit) | FFFF FC46, | 0000y PU315 to PU38 (PU3H) PU37 to PU30 (PU3L)
V850ES/FG3-L
PMC3L FFFF F446y | 00y 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 F4264 | FFFFy PM315 to PM38 (PM3H) PM37 to PM30 (PM3L)
PFC3L FFFF F466y | 00y X X PFC35 PFC34 | PFC33 PFC32 | X X
PFCE3L FFFF F706y | 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 F406, | undefined P315 to P38 (P3H) P37 to P30 (P3L)
PU3L FFFF FC46y | 00y PU37 PU36 PU35 PU34 PU33 PU32 PU31 PU30
PU3H FFFF FC47, | 00y 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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2.5.6 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)

Port group 4 includes the following pins:

Table 2-22 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) - - P40 (1) E11-U A S1
P41 SOBO (O) KR1 (1) - - P41 (1) EO1-U A S2
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

Note Alternative functions 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 34.
Table 2-23 Port group 4: configuration registers
Register | Address Initial Used bits
value
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
P4 FFFF F408y |undefined |X X X X X P42 P41 P40
PU4 FFFF FC48y | 00y X X X X X PU42 PU41 PU40
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.5.7 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)

Port group 5 includes the following pins:

Table 2-24 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) - - - - P50 (1) F1100-U A S2
P51 KR1 (1) - - - - P51 (1) F1100-U A S2
P52 KR2 (1) - - - DDI (1) P52 (1) or )
DDI (1)° F110001-U A S2
P53 KR3 (1) - - - DDO (0) P53 (1) or )
DDO (0)° F110000-U A 82
P54 KR4 (1) - - - DCK (1) P54 (1) or )
DCK (1)° F1xx001-U A S2
P55 KR5 (1) - - - DMS (1) P55 (1) or ]
DMS (I)° F1xx001-U A S2

8  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 39 and to “On-Chip Debug Unit” on page 711.

Note Alternative functions 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 34.

Table 2-25 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 F42Ay | FFy X X PM55 PM54 PM53 PM52 PM51 PM50
0CDM FFFF FOFCy | 00y / 01,2 0 0 0 0 0 0 0 OCDMOo
P5 FFFF F40Ay | undefined X X P55 P54 P53 P52 P51 P50
PU5 FFFF FC4A, | 004 X X PU55 PU54 PU53 PU52 PU51 PU50

) Depends on the reset source (Refer to “OCDM - On-chip debug mode register” on page 39 and to “On-Chip
Debug Unit” on page 711)

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.5.8 Portgroup 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 2-26 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 2-27 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 PM7152 | 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-L and V850ES/FF3-L
b} not available for V850ES/FE3-L
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
Caution The port status cannot be read if it is used a an analog input.
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Table 2-28

2.5.9

Port group 9

Port group 9 is an 16-bit port group. In alternative mode, it comprises pins for
the following functions:

External interrupt (INTP4 to INTP6)
Key interrupt input 6 to 7 (KR6 to KR7)
Timer TAA2 channels (TIAA20, TIAA21 and TOAA20, TOAA21)
Clocked Serial Interface CSIB1 data/clock line (SOB1, SIB1, SCKB1)
UARTD1 transmit/receive data (TXDD1, RXDD1)

Note

I°C data/clock line (SDA00, SCLOO)
Programmable clock output (PCL)

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.

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 (l) TXDD1 (O) |prohibited | P90 (I) Fx10x-U A S2
P91 prohibited | KR7 (l) RXDD1 (I) |prohibited [P91 (1) Fx13x-U A S1
KR7 (1)
P92° - - - - P92 (1) Cc-u A S2
P93° - - - - P93 (I) C-u A S2
P94¢ - - - - P94 (1) Cc-u A S2
P95° - - - - P95 (1) Cc-u A S2
P96 prohibited | prohibited |TIAA21 (I) |TOAA21 (O)|P96 (1) Fxx10-U A S2
P97 prohibited | SIB1 (1) TIAA20 (I) | TOAA20 (O) | P97 (I) Fx110-U A S2
P98 prohibited |SOB1 (O) prohibited | prohibited P98 (1) Ex0-U A S2
P99 prohibited | SCKB1 (I/O)| prohibited | prohibited P99 (1) Ex2-U A S2
P910° - - - - P910 (1) Cc-u - S2
P911°¢ - - - - P911 (1) Cc-u - S1
P912°¢ - - - - P912 (1) c-u - S2
P913 prohibited | INTP4 PCL (O) INTP4 (1) P913 (I) | Fx10x-Ul A S1
P914 prohibited | INTP5 SDAO0O (I/O) | INTP5 (1) P914 (1) Fx12x- A S1
P915 prohibited | INTP6 SCLOO (1/0) | prohibited | P915 (1) UFI A S1
a A analog noise filter only for KRn 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/FE3-L and V850ES/FF3-L
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Table 2-29 Port group 9: V850ES/FE3-L, VB50ES/FF3-L 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 2-30 Port group 9: V850ES/FG3-L configuration registers

Register Address :Ir;iltlijael Used bits
PMCIL FFFF F452y | 004 PMC97 PMC96 X X X X PMC91 | PMC90
PMCOH FFFF F453, | 00y PMC915 | PMC914 | PMCI13 | X X X PMC99 | PMC98
PMC9 (16 bit) | FFFF F452y | 0000y PMC915 to PMC98 (PMCIH) PMC97 to PMC90 (PMCIL)
PMIL FFFF F432y | FFy PM97 PM96 PM95 PM94 PM93 PM92 PM91 PM90
PM9H FFFF F433y | FFy PM915 PM914 PM913 PM912 PM911 PM910 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 X PFCI1 PFC90
PFCYH FFFF F473y | 00y PFC915 PFC914 | PFC913 | X 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 X PFCE91 | PFCEQ0
PFCE9H FFFF F713y | 004 PFCE915 | PFCE914 | PFCE913 | X X X X X
PFCE9 (16 bit) | FFFF F712y | 0000y PFCE915 to PFCE98 (PFCE9H) PFCE97 to PFCE90 (PFCEIL)
PIL FFFF F412y | undefined | P97 P96 P95 P94 P93 P92 P91 P90
P9H FFFF F413y | undefined | P915 P14 P913 P912 P11 P10 P99 P98
P9 (16 bit) FFFF F412y | undefined P915 to P98 (P9H) P97 to P90 (PIL)
PUIL FFFF FC52y | 004 PU97 PU96 PU95 PU94 PU93 PU92 PU91 PU90
PU9H FFFF FC53y | 004 PU915 PU914 PU913 PU912 PU911 PU910 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 ‘ 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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2.5.10 Port group CM
Port group CM is a 6-bit port group. In alternative mode, it comprises pins for
the following functions:
e CPU system clock output (CLKOUT)
Port group CM includes the following pins:
Table 2-31 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 - PCMO (1) C - X
PCM1 CLKOUT (0) PCM1 (1) DO - X
PCM2¢ - PCM2 (1) C - X
PCM3° - PCM3 (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 V850ES/FE3-L
Table 2-32 Port group CM: configuration registers
Register | Address e Used bits
value
PMCCM FFFF F04Cy | 004 X X X X X X PMCCM1 | X
PMCM FFFF F02Cy | FFy X X X X PMCM32 | PMCM22 | PMCM1 | PMCMO
PCM FFFF FOOCy | undefined |X X X X PCM3% | PCM2? | PCMA1 PCMO

8  not available for V850ES/FE3-L

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.5.11

Note

Table 2-33

Port group CS (V850ES/FF3-L, VB50ES/FG3-L)

Port group CS is available only for VB50ES/FF3-L and V850ES/FG3-L.
Port group CS is an 8-bit port group.

Port group CS includes the following pins:

Port group CS: pin functions and port types
Pin functions in different modes Pin EUV i T
- or oise npu
Port mode | Alternative mode function type | filter? charp;ct.b
(PMCnm = 0) (PMCnm = 1) after reset
PCSO - PCSO (1) C - X
PCS1 - PCS1 (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 2-34 Port group CS: configuration registers

Register | Address L] Used bits
value
PMCS FFFF F028y | FFy X X X X X X PMCS1 | PMCS0
PCS FFFF F008y |undefined |X X X X X X PCS1 PCSO
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.5.12 Port group CT (V850ES/FF3-L, VB50ES/FG3-L)
Note Port group CT is available only for VB50ES/FF3-L and V850ES/FG3-L.
Port group CT is an 8-bit port group.
Port group CT includes the following pins:
Table 2-35 Port group CT: 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
PCTO - PCTO (1) C - X
PCT1 - PCT1 () C - X
PCT4 - PCT4 () C - X
PCT6 - PCTS (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 2-36 Port group CT: configuration registers
Register | Address Ll Used bits
value
PMCT FFFF FO2Ay | FFy X PMCT6 | X PMCT4 | X X PMCT1 | PMCTO
PCT FFFF FOOAy | undefined |X PCT6 X PCT4 X X PCT1 PCTO
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.5.13 Port group DL
Port group DL is an 16-bit input/output port group.
Port group DL includes the following pins:
Table 2-37 Port group DL: 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
PDLO - PDLO (1) o] - S2
PDL1 - PDL1 (I) C - S2
PDL2 - PDL2 (1) c - S2
PDL3 - PDL3 (1) o] - S2
PDL4 - PDL4 (1) C - S2
PDL5 FLMD1 (1) PDLS5 (1) c - S2
PDL6 - PDLS6 (1) o] - S2
PDL7 - PDL7 (1) c - S2
PDL8C - PDLS (1) c - S2
PDL9® - PDLO (1) o] - S2
PDL10° - PDL10 (I) o] - S2
PDL11°¢ - PDL11 (I) C - S2
PDL12¢ - PDL12 (I) C - S2
PDL13¢ - PDL13 (1) C - 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
©  not available for V850ES/FE3-L
9 not available for V850ES/FE3-L, V850ES/FF3-L
Table 2-38 Port group DL: configuration registers
Register Address :":Itli‘ael Used bits
PMDLL FFFF F024y | FFy PMDL?7 |PMDL6 |PMDL5 |PMDL4 |PMDL3 |PMDL2 |PMDL1 |PMDLO
PMDLH? FFFF FO25 | FFy X X E’MDL13 EMDL12 EMDLH aF:MDL10 PMDL9? | PMDL8?
PMDL (16 bit)® | FFFF F024y | FFFFy PMDL15 to PMDL8 (PMDLH) PMDL7 to PMDLO (PMDLL)
PDLL FFFF F004y | undefined | PDL7 PDL6 PDL5 PDL4 PDL3 PDL2 PDL1 PDLO
PDLH? FFFF F005y | undefined | X X PDL13° | PDL12® |PDL11% |PDL10® |PDL9? PDL8?
PDL (16 bit)? FFFF F004y | undefined PDL15 to PDL8 (PDLH) PDL7 to PDLO (PDLL)
) not available for VB50ES/FE3
b} not available for V850ES/FE3, V850ES/FF3
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 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 2-16 on page 100 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.
2.6.1 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)
e Key interrupt inputs (KRn)
e Timer TAA trigger inputs (TIAAnm)
¢ A/D converter external input triggers (ADTRG)
* 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 2-58 for NFC.NFSTS = 0 (N = 3).

3
Bl

Al

Figure 2-58 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
NFEN NFSTS 0 0 0 NFC2 NFC1 NFCO
R/W R/W R R R R/W R/W R/W
Table 2-39 NFC register contents
posBiittion 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 fg for digital noise removal:
NFC2 NFC1 NFCO Sampling frequency fg
0 0 0 fxx/64
0 0 1 fyx/128
0 1 0 fyx/256
2100 NFC[2:0] 0 y 1 /512
1 0 0 fyx/1024
1 0 1 fxt
1 1 0 ) o
] ] ” setting prohibited

Note

Remark

Caution

1. fyx = system clock
fxT = Sub oscillator frequency

2. Specification of PRSI is an option byte (refer to “Flash Memory” on
page 251).

If fg is set to fyx/64, fyx/128, fyx/256, fxx/512, or fxx/1024, 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 fy 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 2-40 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 INTP11, NMI) and
CANO receive data (CRXDO0)
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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 2-41 Recommended connection of unused pins
Pin Recommended connection
Port pins
pins of port groups 0, 1,310 5, 9 e output pins: leave open
(except P05 of Port 0) * 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
Note 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.

2. 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 VB50ES/FE3-L package pins assignment
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Figure 2-59 VB850ES/FE3 package pin assignment
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2.9.2 VB50ES/FF3-L package pins assignment
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Figure 2-60 V850ES/FF3 package pin assignment

PCM2
PCM1/CLKOUT
PCMO

PCS1

PCS0

P915/INTP6/SCL00
P914/INTP5/SDA0O
P913/INTP4/PCL
P99/SCKB1

P98/SOB1
P97/SIB1/TIAA20/TOAA20
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2.9.3 VB850ES/FG3 package pins assignment
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Figure 2-61 V850ES/FG3 package pin assignment
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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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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)

2
[m) [m) {}
> ll U
s
i

N
N1
Vv
D
o <
LA
j C (A
—
Interrupt control unit —
< P
(INTC) —
j‘ Bus bridge
(BBR)
Standby control unit
K—=>
< (STBC)
N 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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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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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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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 209).
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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 134 and to the “Interrupt Controller
(INTC)” on page 209.

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 209).

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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(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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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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4)

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 209).

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 134.

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 209
page 209
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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(6)

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

3.3.2

3.3.3

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
(PDL5)

0 X Normal operation mode (fetch from code flash)

FLMDO

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.

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 251.

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.
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3.4

3.4.1

For more information see Chapter 23 on page 711.

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.

¢ 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, ..., F800 00004, or FCO0 0000
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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 \\
FC0O0 0000H ~ AN
FBFF FFFFH N AN .
\ 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 C3FF 0000
\\ // // .
F800 0000H oo Programmable peripheral /0 | _ S ~000n
F7FF FFFFH N N
\\\ // \/\/\
Image /X SO use prohibited
[ = - // /*\ \\
0800 0000H S ! \\\\
07FF FFFFH K AN Internal Flash/ROM 2000 0000
) /’/// Address bits
/ S A[31:26] = x
Image , )
// /// //
0400 0000H e J/
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 141 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-L

Product Device Code flash size Address range
V850ES/FE3 pyPD70F3610 | 64 KB 0000 0000y to 0000 FFFF
pyPD70F3611 96 KB 0000 0000y to 0001 7FFFy
uPD70F3612 | 128 KB 0000 0000y to 0001 FFFFy
puPD70F3613 | 192 KB 0000 0000y to 0002 FFFF
uPD70F3614 | 256 KB 0000 0000y to 0003 FFFFy
V850ES/FF3-L | yPD70F3615 | 64 KB 0000 0000y to 0000 FFFFy
uPD70F3616 | 96 KB 0000 0000y to 0001 7FFFy
uPD70F3617 | 128 KB 0000 0000y to 0001 FFFFy
uPD70F3618 | 192 KB 0000 0000y to 0002 FFFFy
uPD70F3619 | 256 KB 0000 0000y to 0003 FFFF4
V850ES/FG3-L | yPD70F3620 | 128 KB 0000 0000y to 0001 FFFFy
pPD70F3621 192 KB 0000 0000y to 0002 FFFFy
uPD70F3622 | 256 KB 0000 0000y to 0003 FFFF4

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-L

Product Device RAM size Address range
V850ES/FE3-L | ypD70F3610 | 6 KB 03FF D800y — 03FF EFFFy
uPD70F3611 |6 KB 03FF D800y — 03FF EFFFy
uPD70F3612 |8 KB 03FF D000y — 03FF EFFFy
pPD70F3613 |12 KB 03FF C000y — 03FF EFFFy
uPD70F3614 16 KB 03FF BO0Oy — 03FF EFFFy
V850ES/FF3-L | yPD70F3615 | 6 KB 03FF D800y — 03FF EFFFy
pPD70F3616 |6 KB 03FF D800y — 03FF EFFFy
uPD70F3617 |8 KB 03FF D000y — 03FF EFFFy
uPD70F3618 | 12 KB 03FF C000y — 03FF EFFFy
pPD70F3619 |16 KB 03FF B0O0Oy — 03FF EFFFy
V850ES/FG3-L | ypD70F3620 | 8 KB 03FF D000y — 03FF EFFFy
uPD70F3621 | 12 KB 03FF C000y — 03FF EFFFy
pPD70F3622 | 16 KB 03FF B0O0Oy — 03FF EFFFy

Note that the internal firmware, which is processed after reset, uses some
RAM (refer to “Reset” on page 693).

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 723.

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.

Program fetches cannot be executed from any peripheral 1/0 area.

4. Word registers, that means 32-bit registers, are accessed in two half word

accesses. The lower two address bits are ignored.
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Caution

4)

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 EFFFy 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 540
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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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)
FFFF EFFFH .32 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

Write protected register Shortcut g:;ﬁ:pr:;g; ? LALD Shortcut | For details see

Processor clock control register PCC

Main system clock mode register MCM

Clock Monitor mode register CLM “Clock Generator

Power save control register PSC Registers” on page 155

Reset source flag register RESF “Reset” on page 693

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

Low-voltage detection register LVIM Command register | PRCMD on page 701

On-chip debug mode register OCDM “On-Chip Debug Unit’ on
page 711

Example Enable Clock Monitor

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

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 148 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 have to be
considered:

* 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—enableinterrupt).
However, any non-maskable interrupt can still be acknowledged.
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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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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
e 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

* Sub oscillator can be crystal controlled (fyt)
* Two internal internal oscillators (fg_ = 240 KHz and fgy = 8 MHz)
¢ Internal main system clock generation:

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

memory
¢ Peripheral clock generation

— fypq to fxpq / 1024

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

¢ Direct main oscillator clock feed-through for Watch Timer, Watchdog Timer,

CSIBO0, and CAN support

¢ Clock Monitor for main oscillator
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Chapter 4 Clock Generator
4.1.1 Description
The Clock Generator is built up as illustrated in the following figure.
0OB_7A.STOPXTAL
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Figure 4-1

MainOSC

SubOSC

240 KHz internal
0osC

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.

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.

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

The low speed internal oscillator generates a clock fg_ with a frequency of
240 KHz typically. The oscillation can be stopped by means of the RCM
register. The oscillation cannot be stopped, if this is disabled by option byte
007Ay.
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8 MHz internal OSC

Main system clock
fxx

PLL

M

Table 4-1

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 fyyx can be derived from different sources:

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

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

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

The PLL circuit generates the base frequency fp| |, which can be used as the
main system clock fyy.

Input clock to PLL is the MainOSC f.

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.

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| | .

The PLL is started or stopped by PLLCTL.PLLON. For details on the PLL see
also “Controlling the PLL" on page 204.

System and CPU clocks
The CPU system is clocked by two clocks:
* fygcLk supplies all remaining parts of the CPU system, like BCU, 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 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
OosC 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 20 MHz For maximum performance

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

divide the master clock fyy by 1, 2, 4, 8, 16 or 32. Its operation is set in the
PCC register.
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Prescaler2, the SubOSC, or the 240 KHz internal OSC can generate the CPU
core clock (fcpy) and the CPU system clock (fygcLk)- The only difference

between fygck and fepy is that the latter can be stopped in HALT mode.

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

(2) Peripheral clocks

The middle and right-hand side of Figure 4-1 on page 149 shows how the
clocks for the peripheral modules are generated and distributed.

Peripheral base fyy is the clock source for the peripheral base clock fyp1.
clock fxp1

Prescaleri General purpose peripheral clocks are provided by fixed Prescaler1.

This prescaler generates the peripheral clocks (fypq to fyp;1/1024) to be

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

(8) Special clocks
The Clock Generator provides special clocks for certain peripherals.

Clock for UARTDn, This clock can be derived from fypq or fyps. Both fyp4 and fyps have the same
TAANn, MLM  frequency which is either fyy or fxy /2, depending on the setting of bit PRSI in
the option bytes.

Note that fyp4 stops in all IDLE modes while fyps stops only in IDLE2 mode.
The timers TAA1 and TAAS can also be supplied with the SubOSC clock fy.

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

Clock for CANn The CAN interfaces can be clocked by fyp4 or by fyc, 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.

Clock for WT  After reset, the Watch Timer is clocked by the SubOSC (fx). 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 205.

PCL The Clock Generator has a programmable clock (PCL) output.This output can
deliver a fraction of fp g5 (fpgg divided by 4, 8, 16, or 32), which is either fp| | 5

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

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

Clock for WDT2 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.
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(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 153.

(5) Summary of clock signals

MainOSC clock is input clock to PLL and SSCG

SubOSC clock

240 KHz internal OSC clock

8 MHz internal OSC clock

PLL input clock. Can be fy or a fraction of fy

PLL output clock

PLL output clock

Main system clock

CPU system clock

CPU core clock (same clock as fygcLk, but stops in HALT mode)
Peripheral clock 1 (output of Prescaler1, stops in IDLE1 mode)

Peripheral clock 2 (same frequency as fyp4, but continues in IDLE1
mode)

MainOSC clock for CANn interfaces (same frequency as fy, stops in
IDLE1 and IDLE2 mode)

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 206.
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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 184 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 to be locked.

Mode in which all the internal operations of the chip except the oscillators, PLL,
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 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, 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 (fx7) Continues oscillation
240 KHz internal-OSC Stopped Starts oscillation
(fR)
8 MHz internal-OSC (fry) | Stopped Starts oscillation
PLL (fpLL0) Stopped
CPU system clock Stopped Starts operation on 8 MHz internal OSC fgy after

(fvecLk)

internal OSC is stable.

Peripheral clocks fyp1
(and fractions thereof),

fxpo

Stopped Starts operation on 8 MHz internal OSC fgy after
internal OSC is stable.

Programmable clock
output PCL (fpcy)

Disabled (low level)

System clock output Stopped Output of 8 MHz internal oscillator fgy after internal
CLKOUT (fygoLk) 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 2 SELCNT2 | FFFF F30Cq

Selector control register 3 SELCNT3 | FFFF F30Ey
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 F8B0yH
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 125.

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 177.
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The subsequent register descriptions are grouped as follows:

General clock generator registers:

— “CCLS - CPU operation clock status register” on page 157

“MCM - Main system clock mode register” on page 158

“OSTC - Oscillation stabilization timer status register” on page 159
“OSTS - Oscillation stabilization time select register” on page 160
“PCC - Processor clock control register” on page 162

“PCLM - Programmable clock mode register” on page 165

PLL control registers:

“LOCKR - PLL lock status register” on page 167
“PLLCTL - PLL control register” on page 168
“PLLS - PLL lockup time specification register” on page 169

Stand-by control registers

“PSC - Power save control register” on page 170
“PSMR - Power save mode control register” on page 171

Prescaler3 control registers:

“PRSMO - Prescaler3 mode register” on page 172
“PRSCMO - Prescaler3 compare register” on page 173

Clock Monitor registers:

“CLM - Main oscillator Clock Monitor mode register” on page 173

Selector control registers:

“SELCNTO - Selector control register 0“ on page 174
“SELCNT2 - Selector control register 2“ on page 175
“SELCNTS3 - Selector control register 3“ on page 176
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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 125 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.

RO1UHO0469ED0201 Rev. 2.01 RENESAS 161
User Manual



Chapter 4 Clock Generator

(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 125 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 fux/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 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
pectL | o | o [ o [ o | o | o |[sELPL|PLON |
R/W R/W

Table 4-12 PLLCTL register contents

B't 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
fyx, 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

1)

Access

Address

Initial Value

PSC

Table 4-14

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 145 for details.

FFFF F1FE.
00y. The register is initialized by any reset.
7 6 5 4 3 2 1
| o [~Nwim|[Nmom [ NtM | o | o | sTP | o |
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 125.

Entering a power save mode requires some attention, refer to ““Power save
mode activation“ on page 202

Entering a power save mode requires special attention, refer to “Power save
mode activation” on page 202.
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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 4-15 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 PSMO 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 184.
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4.2.4 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 205.
(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 4-16 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 205.
4.2.5 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 125 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 4-17 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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4.2.6 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 V850ES/FE3-L
e V850ES/FF3-L
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 VB850ES/FG3-L
7 6 5 4 3 2 1 0
SELCNTO [1sELo7 | o | 1sELos | 1SEL04 | 1SELO3 | 1SELO2 | 0 | ISELOO |
R/W R R/W R/W R/W R/W R R/W
Note “R” bits marked with “0” must not be changed from their default value “0”.
Table 4-18 SELCNTO register contents
B't Bit name Function
position
7 ISELO7 Selection of count clock for TMMO:

0: Clock = fXP1/512.
1: Clock = fRH/8'

5t00 | ISELO[5:0]

Refer to TAAn chapter: “SELCNTO - Selector control register 0 on page 301
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(2) 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 R/W R/W R/W R/W
Table 4-19 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 = fypo. 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 TAAS3 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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(83) SELCNTS3 - Selector control register 3
The 8-bit SELCNTS register is used to specify the clocks for UARTD2.
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 VB850ES/FG3-L
3 2 1
SELCNT3 | | o | o | o | o [usEm| oo [ o |
R R R R R/W R/W R
Note “R” bits marked with “0” must not be changed from their default value “0”.
Table 4-20 SELCNTS3 register contents
B't Bit name Function
position
2 ISEL32 Selection of UARTD2 clock:
0: Clock = fypq.
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 277.
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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 4-21 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 4-22 Setting of option byte 0000 007By

B.'t. Bit name Function
position
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 277
PLLO PLL output clock fp  and fyyp L selection:
PLLO fxmpLL foLL
0 (setting prohibited) feLLo feLLO
1 fpLL0/2 feLL0/2
2 PRSI Divider Setting for peripheral clocks fyp; and fypo:
0: fxp1, fxp2 = fxx
1: fxp1s fxp2 = fxx /2
1t00 PLLI[1:0] | PLL input clock frequency selection:
PLLI1 PLLIO PLL input clock
0 0 fpLL=1fx
1 X fPLL| = 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 180

“Operation state transitions”on page 181

“Power save modes description” on page 184

“Available clocks in power save modes* on page 200

“Controlling the PLL" on page 204

“Watch Dog Timer Clock” on page 204

“CLKOUT function” on page 204

“Operation of Prescaler3“ on page 205

“Operation of the Clock Monitor“ on page 206

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 4-23 CPU system clock settings
MCM. Option byte 007B: .
CCLS. CCLSF | PCC.CLS | PLLCTL. SELPLL MCMO SUBCLK bit Operation Clock
0 0 8 MHz internal oscillator
(Main 0 (8 MHz internal clock operation
system (Clock-through | oscillator mode) a
clock mode) X : ,
A MainOSC clock operation
operation
mode) 1 (PLL mode) PLL clock operation
0 1 0 SubOSC clock operation
1 (MainOSC (SubOSC mode)
(Subclock x mode) 1 240 KHz internal oscillator
operation (240 KHz clock operation (Sub)
mode) internal oscillator
mode 2)
1 i 240 KHz internal oscillator
clock operation (Security)
Other than above Setting prohibited
) x=don't care
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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 4-2 Operation state transition diagram
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(X1 = OFF)
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Each STBY A
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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 4-3 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 4-4 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 4-5 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 4-6 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 4-24 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 4-25

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

CPU

Stops operation

Port function

Holds status before HALT mode is set

Timer/counter | TAAO -TAA4 | TAAO, 2 and 4: Operable Operable

TAA1 and 3: Operable, when other
than fyt is selected as the count clock

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-2 | Operable

CSIB0O-1 Operable

11IC00 Operable

CAN Controller (CANO) Operable

Interrupt Controller Operable

Key interrupting function Operable
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Table 4-25 Controller status in HALT mode (2/2)
Working condition
Without Subclock | With Subclock
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 4-26

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.

¢ |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 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 (El) Status Interrupt Disabled (DI) Status

request signal

Non-maskable interrupt | Execution branches to the handler address.

request signal

Maskable interrupt

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, 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 4-27 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

CPU

Stops operation

Port function

Holds status before IDLE1 mode is set

Timer/counter | TAAO -TAA4 | Operable, if fxps is selected as the TAAO, 2, and 4: Operable, if fyps is

count clock selected as the count clock.
TAA1 and 3: Operable, if fypo or fyr is
selected as the count clock?

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 | UARTDO0-2 | UARTDO: Operable if either fypo or ASCKDO is selected input clock

UARTD1-2: Operabile if fypo is selected as operation clock.

CSIB0-1

Operable, if SCKBn is selected as input clock.

11C00

Stops operation

CAN Controller (CANO)

Stops operation

Interrupt Controller

Stops operation (But it is possible to leave IDLE1 Mode)

Key interrupting function Operable
Clock Monitor Operable
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Table 4-27 Controller status in IDLE1 mode (2/2)
Working condition
Without Subclock | With Subclock
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 (fxps), the count operation by fy is also possible.

b)

Leaving IDLE1
mode

Note

Table 4-28

To achieve low power consumption, stop the A/D Converter before shifting to the IDLE1 mode.

The IDLE1 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 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 29.

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.

request signal

Maskable interrupt

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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(3) IDLE2 mode

In the IDLE2 mode, the main clock oscillator continues operating, but clock
supply to the CPU, PLL, 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 and flash memory are stopped, however, setup
times for the PLL and flash memory must be maintained after the IDLE2 mode
is released.

Entering IDLE2
mode

operation 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

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 4-29 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

CPU

Stops operation

Port function

Holds status before IDLE2 mode is set

Timer/counter | TAAO -TAA4

Stops operation

TMMO

Operable if f/8, fr /8 or INTWT is

selected as count clock. is selected as count clock.

Operable if fRH/B, fRL/S, INTWT or fXT

Watch Timer (WT)

Operable

Operable, if clocked by Prescaler3

Watchdog Timer (WDT2)

Operable

AD convertor?

Stops operation

Serial Interface | UARTDO-2

UARTDO: Operable if ASCKDO is selected as input clock
UARTD1-2: Operation stops

CSIBO-1

Operable, if SCKBn is selected as input clock.

11C00

Stops operation

CAN Controller (CANO)

Stops operation

Interrupt Controller

Stops operation (But it is possible to leave IDLE2 Mode)

Key interrupting function Operable
Clock Monitor Operable
Power-On-Clear circuit Operable
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Table 4-29 Controller status in IDLE2 mode (2/2)

Working condition
Without Subclock |

With Subclock

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.

Note

When the IDLE2 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 IDLE2
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 29.

(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:

If 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.

If 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 4-30 Operation after IDLE2 mode is released by interrupt request signal

Releasing Source

Interrupt Enabled (EI) 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.

(b) Releasing by RESET input

The operation is the same as the normal reset operation.
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(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 | | | | | | |

Uuuuul

IDLE mode )
status (0
)]
Interrupt
request [ [
1)) 1))
ROM circuit stops. Counting of setup time
Figure 4-7 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 4-31 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

CPU

Stops operation

Port function

Holds status before STOP mode is set

Timer/counter | TAAO -TAA4 | 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 | UARTDO0-2 | UARTDO: Operable if ASCKDO is selected input clock

UARTD1-2: Operation stops.

CSIB0-1

Operable, if SCKBn is selected as input clock.

11C00

Stops operation

CAN Controller (CANO)

Stops operation

Interrupt Controller

Stops operation (But it is possible to leave STOP Mode)

Key interrupting function

Operable

Clock Monitor

Stops operation
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Table 4-31 Controller status in STOP mode (2/2)
Working condition
Without Subclock | With Subclock
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

Leaving STOP mode

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.

The STOP 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 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 29.

(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:

* If 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 4-32 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 4-8 STOP mode timing for main clock operation

(c) Releasing by RESET input

The operation is the same as the normal reset operation.

RO1UHO0469ED0201 Rev. 2.01
User Manual

RENESAS 194



Chapter 4

Clock Generator

®)

Entering subclock
mode

Note

Subclock mode
status

Table 4-33

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.

The subclock operation mode is set when the CK3 bit of the PCC register is set
to 1 in the normal operation mode.

1. 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 162.

2. 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

(fRL)

240 KHz internal oscillator Oscillation enabled

8 MHz internal oscillator (fgy) | Oscillation enabled

PLL (fpLL0) Operable Stops operation?
CPU Operable
Port function Settable
Timer/counter | TAAO -TAA4 | 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.
AD convertor Operable Stops operation
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Table 4-33 Controller status in subclock mode (2/2)

Working condition

With MainOSC operating With MainOSC stopped
Serial Interface | UARTDO-2 | Operable UARTDO: Operable if ASCKDO is
selected input clock
UARTD1-2: Operation stops
CSIB0-1 Operable Operable if SCKBn input clock is
selected as operation clock.
11IC00 Operable Stops operation
CAN Controller (CANO) Operable Stops operation
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?

a) 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 251 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 162.

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 29.

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.
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(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 4-34 Controller status in sub-IDLE mode (1/2)
Working condition
OO () c?lock 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?

CPU

Stops operation

Port function

The settings of the previous mode are maintained

Timer/counter | TAAO -TAA4 | Stops operation

TMMO Operable if fr/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-2 | UARTDO: Operable, if ASCKDO is selected as input clock

UARTD1-2: Operation stops

CSIBO-1

Operable if SCKBn input clock is selected as operation clock.

11C00

Stops operation

CAN Controller (CANO)

Stops operation

Interrupt Controller

Stops operation (but it is possible to leave Sub Idle Mode)

Key interrupting function Operable
Clock Monitor Operable
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Table 4-34

Controller status in sub-IDLE mode (2/2)

Working condition

When main clock oscillator

. When main clock oscillator stops
oscillates

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

) 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 29.

(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 4-35 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.
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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 4-36 Clock operation in power save modes

Opel’ation status fX/fPLLl fXT fRL fRH fPLL fxx fxp1 fVBCLK fcpu fxp2 fxc
Note2 |Note2| Note2 | Note2 | frcL
Reset period X (0] X X X X X X X X X
From reset release to
8 MHz internal oscillator setup X 0 o o X o 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 (0] (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 (6] X X X O |enable
oscillation
stabilization
Run (0] O |enable |enable [enable| O (0] (0] (0] (0] (0]
HALT mode (0] O |enable |enable [enable| O (0] (0] X (0] (e}
IDLE1 mode (6] O |enable|enable [enable| X X X X (e} X
IDLE2 mode O O |enable |enable| x X X X X X X
Me}\ljrgt%SC 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] (0]
HALT mode (0] O |enable|enable| O (0] (0] (0] X (0] (6]
IDLE1 mode (e} O |enable|enable| O X X X X (e} X
IDLE2 mode o QO |enable |enable| x X X X X X X
,\ilt'el] 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 (e O |enable|enable| X X X X X X X
oscillation
stabilization
SubOSC Run enable O |enable | enable | enable | enable | enable (0] O |enable | enable
Notet 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 - (e} O |enable| - |enable|enable| O O |enable | enable
internal oscillator-
Sﬁg%qty 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: PLL 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 output clock

fpoL: Programmable clock output

fyx: Main system clock

fvBcLK: 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 229).

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.

5. No special sequence is required for reading the PSC register.
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4.4.6

Using the PLL

Not using the PLL

4.4.7

4.4.8

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:

e STOP mode: Oscillation stabilization time > PLL lockup time
e |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 (fygcLk) 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 4-9 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
RO1UHO0469ED0201 Rev. 2.01 :{ENESAS 205

User Manual



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 fre >

Enable/disable

| CLM.CLME |

Figure 4-10 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 4-37 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
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.

The Clock Monitor is automatically started as soon as the main oscillator is
stable, indicated by OSTC.MSTS = 1.
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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

Main clock | | | |

Internal-OSC clock
L
Internal reset \'6
signal )

Figure 4-11 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 [‘M\MUUUL

Oscillation stops | Oscillation stabilization time
(set by OSTS register)

e (U I EA LA

CLME

Clock monitor

status During Monitor stops During monitor
monitor

Figure 4-12 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 4-13 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:

V850ES/FE3-L
V850ES/FF3-L

Internal 39 42

Maskable interrupts V850ES/FG3-L

External 8 11

— 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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Table 5-1 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 | 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
Reserved - - - 10 01204 | 00000120y | nextPC
Reserved - - - 11 01304 | 00000130y | nextPC
Reserved - - - 12 01404 | 000001404 | nextPC
Reserved - - - 13 01504 | 00000150y | nextPC
Reserved - - - 14 0160y | 00000160y | 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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Table 5-1 Interrupt/exception source list (2/3)
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 CB1TIC 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 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 licoIC [1C0 transfer completion 11Co 41 03104 | 000003104 | nextPC
INTAD ADIC A/D conversion completion AD 42 03204 | 00000320y | nextPC
INTCOERR COERRIC | CANO error CANO 43 03304 | 00000330y | nextPC
INTCOWUP | COWUPIC | CANO wake-up CANO 44 03404 | 000003404 | nextPC
INTCOREC CORECIC | CANO reception CANO 45 03504 | 00000350 | nextPC
INTCOTRX COTRXIC | CANO transmission CANO 46 0360y | 00000360y | nextPC
Reserved - - - 47 03704 | 00000370y | nextPC
Reserved - - - 48 03804 | 00000380y | nextPC
Reserved - - - 49 03904 | 00000390y | nextPC
Reserved - - - 50 03A0y | 000003A0y | nextPC
INTKR KRIC Key return interrupt KR 51 03B0y | 000003B0y | nextPC
INTWTI WTIIC Watch Timer interval WT 52 03C0y | 000003C0y | nextPC
INTWT WTIC Watch Timer reference time WT 53 03D0y | 000003D0y | nextPC
Reserved - - - 54 03E0y | 000003EOy | nextPC
INTFL FLIC Flash programming completion FLASH 55 03F0y | 000003F0 | nextPC
INTPg? PIC8 External interrupt 8 Pin 56 04004 | 00000400y | nextPC
INTP9? PICY External interrupt 9 Pin 57 04104 | 00000410y | nextPC
INTP102 PIC10 External interrupt 10 Pin 58 04204 | 00000420 | nextPC
Reserved - - - 59 04304 | 00000430y | nextPC
Reserved - - - 60 04404 | 00000440, | nextPC
Reserved - - - 61 04504 | 00000450 | nextPC
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Table 5-1 Interrupt/exception source list (3/3)

Interrupt/Exception Source :
Type S . Generating PDFZfal.]t" Exge;;tlon ;I:gdler Res;gred
Name Register Generating Source Unit riority ode ress

Maskable | Reserved - - - 62 0460y | 00000460 | nextPC
Reserved - - - 63 0470y | 00000470y | nextPC

INTUD2S? Ub2sIC UARTD?2 status interrupt UARTD2 64 04804 | 00000480y | nextPC

INTUD2R? UD2RIC UARTD2 reception completion UARTD2 65 04904 | 00000490y | nextPC

INTUD2T® uD2TIC ;Jr/]x:b'll'eDZ consecutive transmission UARTD? 66 04A0y | 000004A0 | nextPC

a) not available for VB50ES/FE3-L, V850ES/FF3-L

Note 1. Default priority: The priority order when two or more maskable
interrupt requests are generated at the same time.
The highest priority is 0.

2. Restored PC: 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).

3. nextPC: 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 instruction is not possible. Perform a system reset after
interrupt servicing.
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5.2.3 Non-maskable interrupt status flag (NP)

The NP flag is a status flag that indicates that non-maskable interrupt (NMI)
processing is under execution.

This flag is set when an NMI interrupt has been acknowledged, and masks all

interrupt requests and exceptions to prohibit multiple interrupts from being

acknowledged.
Initial Value 000000204

7 6 5 4 3 2

0

PSW |0 |0‘0‘0‘0‘0|0‘0‘0‘0‘0|0‘0‘0|0‘0‘0‘0‘0|0‘0‘0‘0‘0|NP|EP|ID |SAT|CY|OV| S | z |

Bit position

Bit name

Function

NP

Indicates whether NMI interrupt processing is in progress.

0: No NMl interrupt processing
1: NMI interrupt currently being processed

5.2.4 NMI control

The NMI can be configured to generate a non-maskable interrupt upon a
rising, falling or both edges at the NMI pin. To enable respectively disable the
NMI and to configure the edge refer to “External Interrupts Edge Detection
Configuration” on page 233.
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5.3 Maskable Interrupts

5.3.1

Maskable interrupt requests can be masked by interrupt control registers. This
microcontroller has up to 52 maskable interrupt sources.

If two or more maskable interrupt requests are generated at the same time,
they are acknowledged according to the default priority. In addition to the
default priority, eight levels of priorities can be specified by using the interrupt
control registers (programmable priority control).

When an interrupt request has been acknowledged, the acknowledgement of
other maskable interrupt requests is disabled and the interrupt disabled (DI)
status is set.

When the El instruction is executed in an interrupt processing routine, the
interrupt enabled (EI) status is set, which enables servicing of interrupts having
a higher priority than the interrupt request in progress (specified by the
interrupt control register). Note that only interrupts with a higher priority will
have this capability; interrupts with the same priority level cannot be nested.

However, if multiple interrupts are executed, the following processing is
necessary.

1. Save EIPC and EIPSW in memory or a general-purpose register before
executing the El instruction.

2. Execute the Dl instruction before executing the RETI instruction, then reset
EIPC and EIPSW with the values saved in (1).

Operation

If a maskabile interrupt occurs, the CPU performs the following processing, and
transfers control to a handler routine:

Saves the restored PC to EIPC.

Saves the current PSW to EIPSW.

Writes an exception code to the lower halfword of ECR (EICC).
Sets the ID bit of the PSW and clears the EP bit.

Sets the handler address corresponding to each interrupt to the PC, and
transfers control.

ok wnp =

The processing configuration of a maskable interrupt is shown in Figure 5-5.
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T ( INT input )

INTC accepted

No

Is the interrupt
mask released?

Priority higher than
that of interrupt currently
processed?

No

Priority higher
than that of other interrupt
request?

No

ighest default
priority of interrupt requests
with the same priority?

T CMaskabIe interrupt request) C Interrupt request pending )

No

CPU processing

EIPC —— restored PC C Interrupt request pending )
EIPSW -— PSW

ECR.EICC -«— exception code
PSW.EP =—0

PSW.ID =1

PC -— handler address

C Interrupt processing )

Figure 5-5 Maskable interrupt processing

Note For the ISPR register, see “ISPR - In-service priority register” on page 232.

An INT input masked by the Interrupt Controllers and an INT input that occurs
while another interrupt is being processed (when PSW.NP = 1 or PSW.ID = 1)
are held pending internally by the Interrupt Controller. In such case, if the
interrupts are unmasked, or when PSW.NP = 0 and PSW.ID = 0 as set by the
RETI and LDSR instructions, input of the pending INT starts the new maskable
interrupt processing.
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5.3.2

Restore

Recovery from maskable interrupt processing is carried out by the RETI
instruction.

When the RETI instruction is executed, the CPU performs the following steps,
and transfers control to the address of the restored PC.

1. Restores the values of the PC and the PSW from EIPC and EIPSW
because the EP bit of the PSW is 0 and the NP bit of the PSW is 0.

2. Transfers control to the address of the restored PC and PSW.

Figure 5-6 illustrates the processing of the RETI instruction.

RETI instruction )

PC
PSW -— EIPSW PSW =— FEPSW
Corresponding =— 0
bit of ISPRNete

-— EIPC PC -— FEPC

( Restores original processing )

Figure 5-6

Note

Caution

RETI instruction processing

1. Forthe ISPR register, see “ISPR - In-service priority register” on page 232.

2. The solid lines show the CPU processing flow.

When the PSW.EP bit and the PSW.NP bit are changed by the LDSR
instruction during maskable interrupt processing, in order to restore the PC
and PSW correctly during recovery by the RETI instruction, it is necessary to
set PSW.EP back to 0 and PSW.NP back to 0 using the LDSR instruction
immediately before the RETI instruction.
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5.3.3 Priorities of maskable interrupts

This microcontroller provides multiple interrupt servicing in which an interrupt
is acknowledged while another interrupt is being serviced. Multiple interrupts
can be controlled by priority levels.

There are two types of priority level control: control based on the default
priority levels, and control based on the programmable priority levels that are
specified by the interrupt priority level specification bit (xxPRn) of the interrupt
control register (xxICn). When two or more interrupts having the same priority
level specified by the xxPRn bit are generated at the same time, interrupts are
serviced in order depending on the priority level allocated to each interrupt
request type (default priority level) beforehand. For more information, refer to
the interrupt/exception source list table. The programmable priority control
customizes interrupt requests into eight levels by setting the priority level
specification flag.

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

Processing of a Processing of b

:

Interrupt request a — Interrupt
(level 3) request b Interrupt request b is acknowledged because the

(level 2) —= priority of b is higher than that of a and interrupts are
enabled.

Processing of ¢

\ A

Interrupt request ¢ — “nterrupt request d

(level 3) (level 2)— Although the priority of interrupt request d is higher
than that of ¢, d is held pending because interrupts
are disabled.
\ Processing of d
Processing of e
/ll
Interrupt request e —
P (?evel 2) Interruptl reqlugsi Interrupt request f is held pending even if interrupts are
(level 3) enabled because its priority is lower than that of e.

Processing of f

/1

Processing of g
El

Interrupt request g — Interrupt request h
(level 1) (level 1) — Interrupt request h is held pending even if interrupts are

enabled because its priority is the same as that of g.

Processing of h

|

Figure 5-7 Example of processing in which another interrupt request is issued
while an interrupt is being processed (1/2)

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

Note 1. <a>to <u> in the figure are the temporary names of interrupt requests
shown for the sake of explanation.

2. The default priority in the figure indicates the relative priority between two
interrupt requests.
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El

Interrupt
Interrupt request i —= FFQU??; Jow
(level 2) Inter(ru(:\t“raequlstk Interrupt request j is held pending because its
priority is lower than that of i.

level 1) ™
(level 1) k that occurs after j is acknowledged because it
has the higher priority.
Processing of j

Processing of |

Processing of i
El Processing of k

Interrupt requests m and n are held pending
because processing of | is performed in the

Interrupt
request m

Interrupt request | —= (level 3) = interrupt disabled status.
Interrupt request n
(level 2) (level 1)

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

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

Processing of m

Processing of o

/TEI Processing of pP 0 of

Interrupt request 0 —~ MI rocessing of q ‘

(level 3) rggﬁér;p; - Interrupt El Processing of r
request q-~L—"Interrupt

level 2
(lovel 2) (level 1) request r -
(level 0)

Processing of n

If levels 3 to 0 are acknowledged

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

Interrupt Because the priorities of t and u are the same, u is

request t acknowledged first because it has the higher

Interrupt request s — (level 2) - | Note default priority, regardless of the order in which the

(level 1) Inlerruptl fe(wg)ﬁ Ul o2 interrupt requests have been generated.
evel 2)—»

Processing of u

Processing of t

Figure 5-8 Example of processing in which another interrupt request is issued
while an interrupt is being processed (2/2)

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

Note 1. Lower default priority
2. Higher default priority
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( Main routine )

El

Interrupt request a (level 2)
Interrupt request b (level 1) -
Interrupt request c (level 1) NMI request -

T

Default priority
a>b>c

W

Processing of interrupt request b

Processing of interrupt request ¢

Processing of interrupt request a

= Interrupt request b and c are
acknowledged first according to
their priorities.

* Because the priorities of b and c are
the same, b is acknowledged first
according to the default priority.

Figure 5-9 Example of processing interrupt requests simultaneously generated

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

Note <a>to <c> in the figure are the temporary names of interrupt requests shown
for the sake of explanation.
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5.3.4 xxICn - Maskable interrupt control registers

An interrupt control register is assigned to each interrupt request (maskable
interrupt) and sets the control conditions for each maskable interrupt request.

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

Address

FFFF F110y to FFFF F1F8y

Initial Value 47y. The register is initialized by any reset

7 6 5 3 2 1 0
xxICn | xxIFn ‘ xXMKn ‘ 0 ‘ ‘ 0 ‘ xxPR2 ‘ xxPR1 | xxPRO |
Bit position Bit name Function
This is an interrupt request flag.
0: Interrupt request not issued
7 xxIFn 1: Interrupt request issued
The flag xxIFn is reset automatically by the hardware if an interrupt request is
acknowledged.
This is an interrupt mask flag.
6 xXMKn 0: Enables interrupt processing
1: Disables interrupt processing (pending)
8 levels of priority order are specified for each interrupt.
xxPR2 | xxPR1 xxPRO Interrupt priority specification bit
0 0 0 Specifies level 0 (highest)
0 0 1 Specifies level 1
0 1 0 Specifies level 2
2100 xxPR2 to P
o xxPRO 0 1 1 Specifies level 3
1 0 0 Specifies level 4
1 0 1 Specifies level 5
1 1 0 Specifies level 6
1 1 1 Specifies level 7 (lowest)
Note xx: identification name of each peripheral unit (LVIL, LVIH, P, TAAOOV-TAA4QV,

TAAOCC-TAA4CC, TMOEQ, CBOR-CB1R, CBOT-CB1T, UD0S-UD2S, UDOR-

WT, FL)

UD2R, UDOT-UD2T, 1IC0, AD, COERR, COWUP, COREC, COTRX, KR, WTI,

Caution

Do not modify an interrupt control register by a read-modify-write operation

when the interrupt is active and its occurrence cannot be excluded, or ensure
that bit maniplulation is done by SET1 or CLR1 instructions.
To mask/unmask the interrupts during operating it is recommended to use

interrupt mask registers (refer to “IMRm - Interrupt mask registers” on

page 229 ) rather than the interrupt control registers.
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Note

The address and the availability of each interrupt control register for each

device is shown in the following table.

The symbols used in the table mean:
\ : register available for the device

—: register not available for the device

Table 5-2 V850ES/Fx3-L addresses of interrupt control registers (1/2)

Address Register VesSESITEST | VBSOES/FG-L
FFFFF1104 LVILIC V \
FFFFF112y LVIHIC V \
FFFFF114y PICO l V
FFFFF116 PICT V \
FFFFF118y PIC2 V \
FFFFF11Ay PIC3 l V
FFFFF11Cy PIC4 V \
FFFFF11E, PIC5 V \
FFFFF120y PIC6 l V
FFFFF122y PIC7 V \
FFFFF12Ey, TAAOOVIC V \
FFFFF130y TAAOCCICO V Xl
FFFFF132y TAAOCCIC1 V \
FFFFF134y TAA1OVIC V \
FFFFF136y TAA1CCICO V Xl
FFFFF138y TAA1CCIC1 V \
FFFFF13A, TAA20VIC V \
FFFFF13Cy TAA2CCICO V Xl
FFFFF13E, TAA2CCIC1 V \
FFFFF140y TAA30VIC V \
FFFFF142y TAA3CCICO l V
FFFFF144y TAA3CCIC1 V \
FFFFF146y TAA4QVIC v \
FFFFF148y TAA4CCICO l V
FFFFF14A, TAA4CCIC1 V \
FFFFF14Cy TMOEQICO V J
FFFFF14Ey CBORIC l V
FFFFF150 CBOTIC Y S
FFFFF152 CB1RIC y \
FFFFF154y CBITIC l V
FFFFF156y uUDoSIC Y S
FFFFF158y, UDORIC y \
FFFFF15A, uDoTIC l V
FFFFF15Cy uD1sIC Y S
FFFFF15E, UD1RIC y \
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Table 5-2 V850ES/Fx3-L addresses of interrupt control registers (2/2)

Address Register ‘éggg'ég';ﬁg:: V850ES/FG3-L
FFFFF1604 UD1TIC V \
FFFFF162y licoIC V \
FFFFF164y ADIC l V
FFFFF166y COERRIC V \
FFFFF168y COWUPIC V \
FFFFF16Ay CORECIC l V
FFFFF16Cy COTRXIC Y S
FFFFF176y KRIC V \
FFFFF178y WTIIC l Xl
FFFFF17A4 WTIC V \
FFFFF17E, FLIC V \
FFFFF180y PIC8 - J
FFFFF182, PICY - \
FFFFF184y PIC10 - \
FFFFF190y ubasic - J
FFFFF192 UD2RIC - \
FFFFF194 up2TIC - J
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5.3.5 IMRm - Interrupt mask registers

These registers set the interrupt mask state for the maskable interrupts.

The xxMKn bit of the IMRm registers is equivalent to the xxMKn bit of the
xxICn register.

* 16 bit IMRm registers are accessible through
— 16 bit IMRm via the given <Address> and can be read/written in 16-bit
units

— 8 bit IMBmL = IMRm[7:0] registers via the given <Address> and can be
read/written in 8- and 1-bit units

— 8 bit IMBmH = IMRm[15:8] registers via <Address> + 1 and can be read/
written in 8- and 1-bit units
* 8 bit IMBRm registers are accessible through

— 8 bit IMRm or IMRmL registers via the given <Address> and can be
read/written in 8- and 1-bit units

—h

. Mask bits without function, indicated with “1”, must not be altered. Make
sure to set them “1” when writing to the register.

Caution

2. The device file defines the xxMKn bit of the xxICn register as a reserved
word. If a bit is manipulated using the name of xxMKn, the contents of the
xxICn register, instead of the IMRm register, are rewritten (as a result, the
contents of the IMRm register are also rewritten).

Bit position Bit name Function

Interrupt mask flag.
15t00 xXMKn 0: Interrupt servicing enabled
1: Interrupt servicing disabled (pending)

xx: identification name of each peripheral unit (see the note in “xxICn -
Maskable interrupt control registers” on page 226

(1) IMRO - Interrupt mask register 0
Address FFFF F1004

Initial Value FFFFy. The register is initialized by any reset

15 14 13 12 1 10 9 8
IMRO |TAAOOVMK‘ i \ i \ i \ 1 \ 1 \ PMK7 | PMK6 |
7 6 5 4 3 2 1 0
| PMKS5 \ PMK4 \ PMK3 \ PNK2 \ PMK1 \ PMKO \ LVIHMK | LVILMK |
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(2) IMR1 - Interrupt mask register 1
Address FFFF F102y
Initial Value FFFFy. The register is initialized by any reset
15 14 13 12 1 10 9 8
IMR1 | CBORMK ITMOEQMKOI TAA4COMK1 ‘TAA4CCMKO ‘TAA4OVMK|TAASCCMK1 ITAASCCMKO |TAA30VMK|
7 6 5 4 3 2 1 0
|TAA2CCMK1 ‘TAA2CCMKO ‘TAAZOVMK‘ TAATCCMKI ‘TAA1CCMKO ’TAA1OVMK’TAAOCCMK1 |TAAOCCMKO |
(3) IMR2 - Interrupt mask register 2
Address FFFF F104y
Initial Value FFFFy. The register is initialized by any reset
15 14 13 12 11 10 9 8
IMR2 | 1 ‘COTRXMK‘CORECMK‘COWUPMK‘COERRMK’ ADMK ] 11COMK |UD1TMK|
7 6 5 4 3 2 1 0
| UD1RMK ‘ UD1SMK ‘ UDOTMK ‘ UDORMK ‘ UDOSMK ‘ CBITMK ‘ CB1RMK | CBOTMK |
(4) IMRS - Interrupt mask register 3
Address FFFF F106y
Initial Value FFFFy. The register is initialized by any reset
e \VV850ES/FE3-L
e V850ES/FF3-L
15 14 13 12 1 10 9 8
IMR3|1‘1‘1‘1‘1‘1‘1|1|
7 6 5 4 3 2 1 0
| FLMK \ 1 \ WTMK \ WTIMK \ KRMK \ DMAMK3 \ DMAMK2 | DMAMK1 |
e V850ES/FG3-L
15 14 13 12 1 10 9 8
IMR3 | 1 | 1 | 1 ‘ 1 ‘ 1 | PMK10 | PMK9 | PMK8 |
7 6 5 4 3 2 1 0
| FLMK \ 1 \ WTMK ‘ WTIMK ‘ KRMK ] 1 ] 1 | 1 |
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(5) IMR4 - Interrupt mask register 4
Address FFFF F108y

Initial Value FFFFy. The register is initialized by any reset

¢ VB850ES/FG3-L only

15 14 13 12 11 10 9 8
IMR4 | i ‘ i ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 | 1 |
7 6 5 4 3 2 1 0
| i \ i \ i \ i \ 1 \ UD2TMK \ UD2RMK | UD2SMK |
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5.3.6 ISPR - In-service priority register

This register holds the priority level of the maskable interrupt currently
acknowledged. When an interrupt request is acknowledged, the bit of this
register corresponding to the priority level of that interrupt request is set to 1
and remains set while the interrupt is serviced.

When the RETI instruction is executed, the bit corresponding to the interrupt
request having the highest priority is automatically reset to 0 by hardware.
However, it is not reset to 0 when execution is returned from non-maskable
interrupt servicing or exception processing.

Access This register is read-only in 8-bit or 1-bit units.
Address FFFFF1FAy

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

7 6 5 4 3 2 1 0
ISPR | ISPR7 \ ISPR6 \ ISPR5 ‘ ISPR4 ‘ ISPR3 ] ISPR2 ] ISPR1 | ISPRO |

Bit position | Bit name Function
ISPR7 to Indicates priority of interrupt currently acknowledged
7100 0: Interrupt request with priority n not acknowledged
ISPRO . o
1: Interrupt request with priority n acknowledged
Note n=0to 7 (priority level)

Caution If an interrupt is acknowledged while the ISPR register is being read in the
interrupt enabled (El) state, the value of the ISPR register after the bits of the
register have been set by acknowledging the interrupt may be read.

To accurately read the value of the ISPR register before an interrupt is
acknowledged, read the register while interrupts are disabled (DI).
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5.3.7

Maskable interrupt status flag (ID)

The ID flag is bit 5 of the PSW and this controls the maskable interrupt’s
operating state, and stores control information regarding enabling or disabling
of interrupt requests.

Initial Value 000000204

31 7 6 5 4 3 2 10

PSW |0 |0‘0‘0‘0‘0|0‘0‘0‘0‘0|0‘0‘0|0‘0‘0‘0‘0|0‘0‘0‘0‘0|NP|EP|ID |SAT|CY|OV| S | z |

Bit position

Bit name Function

Indicates whether maskable interrupt processing is enabled or disabled.

0: Maskable interrupt request acknowledgement enabled

1: Maskable interrupt request acknowledgement disabled (pending)
This bit is set to 1 by the Dl instruction and reset to 0 by the El instruction. Its value
is also modified by the RET! instruction or LDSR instruction when referencing to
PSW.
Non-maskable interrupt requests and exceptions are acknowledged regardless of
this flag. when a maskable interrupt is acknowledged, the ID flag is automatically
set to 1 by hardware.
The interrupt request generated during the acknowledgement disabled period
(ID = 1) is acknowledged when the PIFn bit of PICn register is set to 1, and the ID
flag is reset to 0.

5.3.8

54

INTRm

Access

External maskable interrupts

This microcontroller provides maskable external interrupts INTPn with the
following features:
¢ Analog input filter (refer to “Analog filtered inputs” on page 116)
» Digital input filter for INTP3 (refer to “Digitally filtered inputs” on page 117)
* Interrupt detection selectable for each interrupt input:
— Rising edge
— Falling edge
— Both edges: rising and falling edge
For configuration of the external interrupt events refer to “External Interrupts
Edge Detection Configuration” on page 233.

External Interrupts Edge Detection Configuration

The microcontroller provides the maskable external interrupts INTPn and one
non-maskable interrupt (NMI).

INTPn and NMI can be configured to generate interrupts upon rising, falling or
both edges. Two register sets are provided to specify edges and levels for each
external interrupt.

The INTRm registers specify the rising edge for edge detection of
corresponding external interrupt signals.

This register can be read/written in 8-bit or 1-bit units.
16-bit registers can also be read/written in 16-bit units.
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Bit position Bit name Function

Specifies the edge detection for external interrupt
signals

0: no detection at rising edge

1: detection at rising edge

15t00 | INTRm[15:0]

INTFm The INTFm registers specify the falling edge for edge detection of
corresponding external interrupt signals.

Access This register can be read/written in 8-bit or 1-bit units.
16-bit registers can also be read/written in 16-bit units.

Bit position | Bit name Function

Specifies the edge detection for external interrupt
signals

0: no detection at falling edge

1: detection at falling edge

15t00 | INTFm[15:0]

Caution When the function of the dedicated pin is changed from the external interrupt
function (alternate function) to the port function, an edge may be detected.
Therefore, first clear INTRM.INTRmk / INTFm.INTFmk (k = 0 to 15) to 0, and
then set the port mode.

(1) INTRO/INTFO - External interrupt edge specification register 0
Address FFFFFC20y

Initial Value 00y. The register is initialized by any reset.
7 6 5 4 3 2 1

INTRO | 0 \ INTRO6 \ INTRO5 ‘ INTRO4 ‘ INTRO3 ] INTRO2 ]
INTP3  INTP2 INTP1  INTPO  NMI

o

Address FFFFFCOOy
Initial Value 00y. The register is initialized by any reset.
7 6 5 4 3 2 1

INTFO | 0 ‘ INTFO6 ‘ INTFO5 ‘ INTFO4 ‘ INTFO3 ‘ INTFO2 ‘
INTP3  INTP2 INTP1  INTPO  NMI

o
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(2) INTR1/INTF1 - External interrupt edge specification register 1
Address FFFFFC22,
Initial Value 00y. The register is initialized by any reset.
7 2 1 0
INTR1 | o | | | 0 | INTR11 | INTR10 |
INTP10  INTP9
Address FFFFFC02
Initial Value 00y. The register is initialized by any reset.
7 2 1 0
INTF1 | o | | | 0 | INTF11 | INTF10 |
INTP10  INTP9
(3) INTRS3/INTF3 - External interrupt edge specification register 3
* V850ES/FE3
* VB850ES/FF3
Address FFFFFC26y
Initial Value 00y. The register is initialized by any reset.
7 2 1 0
INTRSL | o | | | o |[mTR31| o |
INTP7
Address FFFFFCO6y
Initial Value 00y. The register is initialized by any reset.
5 2 1 0
INTF3L | | | o | o |INTR31| o |
INTP7
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Address

Initial Value

INTR3?

a)

* VB850ES/FG3
* VB850ES/FJ3
* V850ES/FK3

FFFFFC26y

0000y. The register is initialized by any reset.

15 14 13 12 11 10 9 8

0 0 0 0 0 0 |INTR39 | o
INTP8

1 0

| | | | | [ o [wrRsi] o
INTP7

Both bytes of this 16-bit register can also be accessed bytewise with

— INTR3L = INTR3[7:0] under the address FFFF FC264
— INTR3H = INTR3[15:8] under the address FFFF FC27y

Address

Initial Value

INTF3?

a)

FFFFFCO6

0000y. The register is initialized by any reset.

15 14 13 12 11 10 9 8

0 0 0 0 0 0 |INTF39 [ o
INTP8

1 0

| | | | | | o [mwrmri] o
INTP7

Both bytes of this 16-bit register can also be accessed bytewise with

— INTF3L = INTF3[7:0] under the address FFFF FCO06,
— INTF3H = INTF3[15:8] under the address FFFF FCO7y

(4) INTR4/INTF4 - External interrupt edge specification register 4
e uPD70F3376A, yPD70F3377A of VB50ES/FG3
e pPD70F3379, yPD70F3380, yPD70F3381, uPD70F3382 of V850ES/FJ3
* V850ES/FK3
Address FFFFFC28y
Initial Value 00y. The register is initialized by any reset.
1 0
INTR4 | | | | | | | o | INTR4o |
INTP14
Address FFFFFCO08y
Initial Value 00y. The register is initialized by any reset.
1 0
INTF4 [ o | o | o | o | o | o | o [INTF40|
INTP14
RO1UH0469ED0201 Rev. 2.01 :{ENESAS 236

User Manual



Chapter 5

Interrupt Controller (INTC)

®)

Address

Initial Value

INTR6L

Address

Initial Value

INTF6L

Address

Initial Value

INTR6?

INTR6/INTF6 - External interrupt edge specification register 6
* VB850ES/FJ3

FFFFFC2Cy
00y. The register is initialized by any reset.
3 2 1 0
| 0 \ 0 \ 0 \ 0 \ 0 ‘INTR62‘INTR61|INTR60|
INTP13 INTP12 INTP11

FFFFFCOCH

00y. The register is initialized by any reset.

2 1 0

| 0 \ 0 \ 0 \ 0 \ 0 ‘INTF62 ‘INTF61 |INTF60

INTP13 INTP12 INTP11

e V850ES/FK3
FFFFFC2Cy

0000y. The register is initialized by any reset.

15 14 13 12 11 10 9 8
INTR615| 0 0 0 0 0 0 0
INTP15

2 1 0
| 0 \ 0 \ 0 \ 0 \ 0 ‘INTR62‘INTR61|INTR60|

INTP13 INTP12 INTP11

a) Both bytes of this 16-bit register can also be accessed bytewise with
— INTR6L = INTR6[7:0] under the address FFFF FC2Cy
— INTR6H = INTR6[15:8] under the address FFFF FC2D

Address

Initial Value

INTF62

FFFFFCOCy

0000y. The register is initialized by any reset.

15 14 13 12 11 10 9 8
INTF615| 0 0 0 0 0 0 0
INTP15

2 1 0
| 0 | 0 | 0 ‘ 0 ‘ 0 IINTF62 |INTF61 |INTF60

INTP13 INTP12 INTP11

a) Both bytes of this 16-bit register can also be accessed bytewise with
— INTF6L = INTF6[7:0] under the address FFFF FCOCy
— INTF6H = INTF6[15:8] under the address FFFF FCODy
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(6) INTRS8/INTF8 - External interrupt edge specification register 8
e V850ES/FJ3
* V850ES/FK3
Address FFFFFC30y
Initial Value 00y. The register is initialized by any reset.
5 1 0
INTRS | | | o | 0 | INTRsO |
INTP14
Address FFFFFC10y
Initial Value 00y. The register is initialized by any reset.
7 1 0
INTF8 | o | | | 0 | INTFeo |
INTP14
(7) INTRY/INTF9 - External interrupt edge specification register 9
Address FFFFFC33y
Initial Value 00y. The register is initialized by any reset.
7 6 5 4 1 0
INTROH |[INTR915 | INTR914 | INTR913|  © 0 o | o |
INTP6 INTP5 INTP4
Address FFFFFC13y
Initial Value 00y. The register is initialized by any reset.
7 6 5 4 0
INTFOH [ INTF915 | INTF914 | INTF913| 0 0 o | o |
INTP6 INTP5 INTP4
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5.5 Software Exception

A software exception is generated when the CPU executes the TRAP
instruction, and can be always acknowledged.

5.5.1 Operation

If a software exception occurs, the CPU performs the following processing, and
transfers control to the handler routine:

1. Saves the restored PC to EIPC.

2. Saves the current PSW to EIPSW.

3. Writes an exception code to the lower 16 bits (EICC) of ECR (interrupt
source).

4. Sets the EP and ID bits of the PSW.
5. Sets the handler address (000000404 or 000000504) corresponding to the
software exception to the PC, and transfers control.

Figure 5-10illustrates the processing of a software exception.

- ( TRAP instructionNote )

EIPC -— restored PC
EIPSW -— PSW
ECR.EICC —— exception code
PSW.EP =1

PSW.D =1

PC -— handler address

( Exception processing )

Figure 5-10 Software exception processing

CPU processing

Note TRAP Instruction Format: TRAP vector (the vector is a value from 0 to 1FH.)

The handler address is determined by the TRAP instruction’s operand (vector).
If the vector is 0 to OF, it becomes 00000040y, and if the vector is 10 to 1F,

it becomes 00000050
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5.5.2 Restore

Recovery from software exception processing is carried out by the RETI
instruction.

By executing the RETI instruction, the CPU carries out the following
processing and shifts control to the restored PC’s address.

1. Loads the restored PC and PSW from EIPC and EIPSW because the EP
bit of the PSW is 1.
2. Transfers control to the address of the restored PC and PSW.

Figure 5-11 illustrates the processing of the RETI instruction.

C RETI instruction )

o}
e
; é
PC -—EIPC PC -— FEPC
PSW -—EIPSW PSW -— FEPSW

C Original processing restored )

Figure 5-11 RETI instruction processing

Caution When the PSW.EP bit and the PSW.NP bit are changed by the LDSR
instruction during the software exception processing, in order to restore the PC
and PSW correctly during recovery by the RETI instruction, it is necessary to
set PSW.EP back to 1 using the LDSR instruction immediately before the RETI
instruction.

Note The solid lines show the CPU processing flow.
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5.5.3 Exception status flag (EP)

The EP flag is bit 6 of PSW, and is a status flag used to indicate that exception
processing is in progress. It is set when an exception occurs.

Initial Value 000000204

31 7 6 5 4 3 2 10
PSW |0|0‘0‘0‘0‘0|0‘0‘0‘0‘0|0‘0‘0|0‘0‘0‘0‘0|0‘0‘0‘0‘0|NP|EP|ID|SAT|CY|OV|S|Z|

Bit position | Bit name Function
Shows that exception processing is in progress.
6 EP 0: Exception processing not in progress.
1: Exception processing in progress.
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5.6 Exception Trap

An exception trap is an interrupt that is requested when an illegal execution of
an instruction takes place. For this microcontroller, an illegal opcode exception
(ILGOP: lllegal Opcode Trap) is considered as an exception trap.

5.6.1 lllegal opcode definition

The illegal instruction has an opcode (bits 10 to 5) of 111111, a sub-opcode
(bits 23 to 26) of 01115 to 1111, and a sub-opcode (bit 16) of Og. An

exception trap is generated when an instruction applicable to this illegal
instruction is executed.

15 1110 5 4 0 31 27 26 23 22 16

Note x: Arbitrary

(1) Operation
If an exception trap occurs, the CPU performs the following processing, and
transfers control to the handler routine:

Saves the restored PC to DBPC.

Saves the current PSW to DBPSW.

Sets the NP, EP, and ID bits of the PSW.

Sets the handler address (000000604) corresponding to the exception trap

to the PC, and transfers control.

0D~

Figure 5-12 illustrates the processing of the exception trap.

- ( Exception trap (ILGOP) occurs )

DBPC -— restored PC
DBPSW —=—PSW
PSW.NP =1

PSW.EP =1

PSW.ID =1

PC -— 00000060H

( Exception processing )

CPU processing

Figure 5-12 Exception trap processing
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(2) Restore
Recovery from an exception trap is carried out by the DBRET instruction. By
executing the DBRET instruction, the CPU carries out the following processing
and controls the address of the restored PC.
1. Loads the restored PC and PSW from DBPC and DBPSW.
2. Transfers control to the address indicated by the restored PC and PSW.
Figure 5-13illustrates the restore processing from an exception trap.
( DBRET instruction )
PC < DBPC
PSW <—  DBPSW
( Jump to address of restored PC )
Figure 5-13 Restore processing from exception trap
Note The DBPC and DBPSW registers can be accessed only when the DBTRAP
instruction is executed.
5.6.2 Debug trap
The debug trap is an exception that can be acknowledged every time and is
generated by execution of the DBTRAP instruction.
When the debug trap is generated, the CPU performs the following processing.
(1) Operation
When the debug trap is generated, the CPU performs the following processing,
transfers control to the debug monitor routine, and shifts to debug mode.
1. Saves the restored PC to DBPC.
2. Saves the current PSW to DBPSW.
3. Sets the NP, EP and ID bits of the PSW.
4. Sets the handler address (00000060y) corresponding to the debug trap to
the PC and transfers control.
Figure 5-14 illustrates the processing of the debug trap.
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- C DBTRAP instruction )

DBPC -— restored PC
DBPSW =— PSW
PSW.INP =« 1

CPU processing PSWEP —— 1
PSW.ID =« 1
PC -«— (00000060H

C Exception processing )

Figure 5-14 Debug trap processing

(2) Restore

Recovery from a debug trap is carried out by the DBRET instruction. By
executing the DBRET instruction, the CPU carries out the following processing
and controls the address of the restored PC.

1. Loads the restored PC and PSW from DBPC and DBPSW.
2. Transfers control to the address indicated by the restored PC and PSW.
Figure 5-15 illustrates the restore processing from a debug trap.

C DBRET instruction )

PC - DBPC
PSW -—  DBPSW

C Jump to address of restored PC )

Figure 5-15 Restore processing from debug trap
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5.7

O

Multiple Interrupt Processing Control

Multiple interrupt processing control is a process by which an interrupt request
that is currently being processed can be interrupted during processing if there
is an interrupt request with a higher priority level, and the higher priority
interrupt request is received and processed first.

If there is an interrupt request with a lower priority level than the interrupt
request currently being processed, that interrupt request is held pending.

Maskable interrupt multiple processing control is executed when an interrupt
has an enable status (ID = 0). Thus, if multiple interrupts are executed, it is
necessary to have an interrupt enable status (ID = 0) even for an interrupt
processing routine.

If a maskable interrupt enable or a software exception is generated in a
maskable interrupt or software exception service program, it is necessary to
save EIPC and EIPSW.

This is accomplished by the following procedure.

Acknowledgment of maskable interrupts in service program
Service program of maskable interrupt or exception

*EIPC saved to memory or register
*EIPSW saved to memory or register

*E| instruction (interrupt acknowledgment enabled)

Dl instruction (interrupt acknowledgment disabled)
eSaved value restored to EIPSW
*Saved value restored to EIPC

*RETI instruction

" Maskable interrupt acknowledgment
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(2) Generation of exception in service program

Service program of maskable interrupt or exception

*TRAP instruction

*RETI instruction

*EIPC saved to memory or register

*EIPSW saved to memory or register

*Saved value restored to EIPSW

*Saved value restored to EIPC

" Exception such as TRAP instruction acknowledged.

The priority order for multiple interrupt processing control has 8 levels, from 0
to 7 for each maskable interrupt request (0 is the highest priority), but it can be
set as desired via software. Setting of the priority order level is done using the
PPRnNO to PPRN2 bits of the interrupt control request register (PICn), which is
provided for each maskable interrupt request. After system reset, an interrupt
request is masked by the PMKn bit and the priority order is set to level 7 by the
PPRnNO to PPRN2 bits.

The priority order of maskable interrupts is as follows.

(High) Level O > Level 1 > Level 2 > Level 3 > Level 4 >
Level 5> Level 6 > Level 7 (Low)

Interrupt processing that has been suspended as a result of multiple
processing control is resumed after the processing of the higher priority
interrupt has been completed and the RETI instruction has been executed.

A pending interrupt request is acknowledged after the current interrupt
processing has been completed and the RETI instruction has been executed.

Caution In a non-maskable interrupt processing routine (time until the RETI instruction
is executed), maskable interrupts are suspended and not acknowledged.
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5.8 Interrupt Response Time
The following table describes the interrupt response time (from interrupt
generation to start of interrupt processing).
Except in the following cases, the interrupt response time is a minimum of 5
clocks.
¢ During software or hardware STOP mode
¢ When an external bus is accessed
* When there are two or more successive interrupt request non-sampling
instructions (see “Periods in which interrupts are not acknowledged” on
page 248).
¢ When the interrupt control register is accessed
! 5 system clocks '
VBCLK(Input)||||||||||||||||||
Interrupt request | :
Instruction 1 [ IF [ 1D | EX [MEM[wB]| !
Instruction 2 IFX | IDX :
Interrupt acknowledgement operation INT1 |INT2 INT3|INT4
Instruction (first instruction of IF | 1D | EX |
interrupt service routine)
Figure 5-16 Pipeline operation at interrupt request acknowledgment (outline)
Note INT1 to INT4: Interrupt acknowledgement processing
IFx: Invalid instruction fetch
IDx: Invalid instruction decode
Note If the same interrupt occurs during the interrupt acknowledge time of 5 cycles,
this new interrupt will discarded. The next interrupt of the same source will only
be registered after these 5 cycles.
Table 5-3 Interrupt response time

Interrupt response time (internal system clocks)

Internal interrupt

External interrupt

Condition

Minimum 4 4 + analog delay time
6 + analog delay time
6 (in case of latency = 2) | (in case of latency = 2)

Maximum

7 (in case of latency = 3)

7 + analog delay time
(in case of latency = 3)

The following cases are exceptions:
¢ |n IDLE/software STOP mode
e External bit access

¢ Two or more interrupt request non-
sample instructions are executed

¢ Access to interrupt control register
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5.9 Periods in which interrupts are not acknowledged

An interrupt is acknowledged while an instruction is being executed. However,
no interrupt will be acknowledged between an interrupt non-sample instruction
and the next instruction.

The interrupt request non-sampling instructions are as follows:
¢ Elinstruction

¢ Dl instruction

e LDSR reg2, 0x5 instruction (for PSW)

¢ The store instruction for the interrupt control register (PICn), in-service
priority register (ISPR), and command register (PRCMD).® The store
instruction for the following registers and SET1, NOT1, CLR1 instruction.

¢ Interrupt registers:
Interrupt control register (xxICn), interrupt mask registers 0 to 7 (IMRO to
IMR7)

¢ In-service priority register (ISPR)

¢ Command register (PRCMD)

¢ Power save control register (PSC)

¢ On-chip debug mode register (OCDM)

¢ Peripheral emulation register 1 (PEMU1)
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6.1

Table 6-1

Key Interrupt Function

Function

A key interrupt request signal (INTKR) can be generated by inputting a falling
edge to the eight key input pins (KRO to KR7) by setting the key return mode

register (KRM).

Assignment of Key Return Detection Pins

Flag Pin Description
KRMO Controls KRO signal in 1-bit units
KRMH1 Controls KR1 signal in 1-bit units
KRM2 Controls KR2 signal in 1-bit units
KRM3 Controls KR3 signal in 1-bit units
KRM4 Controls KR4 signal in 1-bit units
KRM5 Controls KR5 signal in 1-bit units
KRM6 Controls KR6 signal in 1-bit units
KRM7 Controls KR7 signal in 1-bit units

KR7 OD
KR6 ODi
KR5 ODi
KR4
E % > INTKR
KR3
KR2 gD
KR1 gD
KRO
[KRM7|KRM6|KRMS|KRM4|KRM3|KRM2|KRM1|[KRMO|
Key return mode register (KRM)
Figure 6-1 Key Return Block Diagram
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6.2 Control Register
(1) KRM - Key return mode register
The KRM register controls the KRMO to KRM7 bits using the KRO to KR7
signals.
Access This register can be read/written in 8-bit or 1-bit units.
Address FFFF F300y.
Initial Value 00y. This register is cleared by any reset.
7 6 5 4 3 2 1 0
KRM | KRM7 | KRM6 | KRM5 | KRM4 | KRM3 | KRM2 | KRM1 | KRMO |
R/W R/W R/W R/W R/W R/W R/W R/W
Table 6-2 KRM register contents
B't Bit name Function
position
7t00 KRMn Control of key return mode:
0: Does not detect key return signal.
1: Detects key return signal.
Note For the alternate-function pin settings, see “Pin Functions” on page 29.
6.3 Cautions

1. If alow level is input to any of the KRO to KR7 pins, the INTKR signal is not
generated even if the falling edge of another pin is input.

2. If the KRM register is changed, an interrupt request signal (INTKR) may be
generated. To prevent this, change the KRM register after disabling
interrupts (DI), and then enable interrupts (EI) after clearing the interrupt
request flag (KRIC.KRIF bit) to 0.

3. To use the Key Interrupt Function, be sure to set the port pin to the key
return pin and then enable the operation with the KRM register. To switch
from the key return pin to the port pin, disable the operation with the KRM
register and then set the port pin.

4. Before writing a new value to the KRM register write a value of 0x00 to the
KRM register first.
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The following VB50ES/Fx3-L devices are equipped with internal flash memory:

Product Product name Code flash
V850ES/FE3-L | yPD70F3610 64 KB
puPD70F3611 96 KB
uPD70F3612 128 KB
pPD70F3613 192 KB
pPD70F3614 256 KB
V850ES/FF3-L | yPD70F3615 64 KB
pPD70F3616 96 KB
uPD70F3617 128 KB
uPD70F3618 192 KB
pPD70F3619 256 KB
VB850ES/FG3-L | yPD70F3620 128 KB
pPD70F3621 192 KB
pPD70F3622 256 KB

The code flash memory is attached to the dedicated fetch bus interface of the
V850 CPU core. It is used for non-volatile storage of program code and
constant data.

Flash memory is commonly used in the following development environments
and applications:

* For altering software after solder-mounting of the microcontroller on the
target system.

» For differentiating software in small-scale production of various models.
¢ For data adjustment when starting mass production.

* For facilitating inventory management.

¢ For updating software after shipment.

The flash memory can be written in different ways:

¢ by a flash programmer equipped with a suitable adapter (off-board write)

e mounted on the target board by connecting a dedicated flash programmer
to the target system (on-board write)

* by the microcontroller’s application software (self-programming)

Additionally a flash memory address space is provided to hold various
configuration settings, called option bytes. Via the option bytes start-up
configurations can be set for e.g. the Clock Generator and the Watchdog
Timer. The option bytes can be written by use of an external flash programmer
and in self-programming mode.
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7.1 Code Flash Memory Overview

7.1.1 Code flash memory features

* 4-byte/1 CPU clock access during instruction fetch
¢ All-blocks or multiple blocks batch erase or single block erase
¢ Erase/write with single power supply

* Communication with dedicated flash programmer via various serial
interfaces

* On-board and off-board programming

¢ Flash memory programming by self-programming
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7.1.2 Code flash memory mapping

The microcontroller’s internal code flash memory area is divided into blocks of
2 KB respectively 4 KB blocks and can be programmed/erased in block units.
All or some of the blocks can also be erased at once.

Following figures list the block structures and address assignments for all
V850ES/Fx3-L devices with code flash memory.

Additional information comprise:

¢ Boot swap cluster size
Configurable size of boot cluster for secure self-programming, refer to
“Secure self-programming (boot cluster swapping)” on page 271.

* |Interleave
Interleave configuration of the flash memory blocks.

e CPU branch latency
Number of additional CPU clock cycles during instruction fetches of non-
linear code. The CPU branch latency may be configurable by the LATENCY
control bit of the option byte at address 0000 007B,.

0001 7FFFy
Block 47 (2 KB)
0001 7800y
0001 07FF
Block 32 (2 KB)
0001 0000y
0000 FFFFy @
Block 31(2 KB) Block 31 (2 KB) g
0000 F800, 2
0000 OFFFy
Block 1 (2 KB) Block 1 (2 KB)
0000 0800y
0000 07FF,
Block 0 (2 KB) Block 0 (2 KB)
0000 0000y
64 KB 96 KB Code flash size
8/16/32 KB Boot swap cluster sizes
uPD70F3610 uPD70F3611 Products
uPD70F3615 uPD70F3616

Figure 7-1 Code flash memory configuration for VB50ES/Fx3-L devices with up to
96 KB code flash
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0003 FFFF,,
Block 127 (2 KB)
0003 F800,
0003 07FFy,
Block 96 (2 KB)
0003 0000y
0002 FFFFy
Block 95 (2 KB) Block 95 (2 KB)
0002 F800,
0002 07FFy, §
Block 64 (2 KB)
0002 0000y
0001 FFFF,,
Block 63 (2 KB) Block 63 (2 KB)
0001 F800,
0000 OFFF
Block 1 (2 KB) Block 1 (2 KB) Block 1 (2 KB)
0000 0800y
0000 07FFy,
Block 0 (2 KB) Block 0 (2 KB) Block 0 (2 KB)
0000 0000y
128 KB 192 KB 256 KB Code flash size
8/16/32//64 KB Boot swap cluster sizes
pPD70F3612 pPD70F3613 pPD70F3614
pPD70F3617 pPD70F3618 uPD70F3619 Products
puPD70F3620 puPD70F3621 uPD70F3622

Figure 7-2 Code flash memory configuration for VB50ES/Fx3-L devices with more

than 96 KB code flash
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7.1.3 Code flash memory functional outline

Serial programming The internal flash memory of the microcontroller can be rewritten by using the
rewrite function of a dedicated flash programmer, regardless of whether the
microcontroller has already been mounted on the target system or the device
is not mounted (off-board/on-board programming).

Since there is no functional difference between on-board and off-board
programming by an external flash programmer, both will be gathered as “serial
programming” - in contrast "to self-programming”.

Self-programming The self-programming facility, which facilitates rewriting of the flash memory by
the user program, is ideal for program updates after production and shipment,
since no additional programming equipment is required. During self-
programming some software services as well as interrupt serving can still be in
operation, e.g to sustain communication with other devices.

While the self-programming mode can be initiated from the normal operation
mode the external flash programmer mode is entered immediately after
release of a system reset.

Refer to “Flash memory programming control” on page 264 for details on how
to enter normal operation or serial flash programming mode.

Extra area The flash memory contains an extra area, used to store the settings of security
and protection functions, the variable reset vector and other flash relevant
information.

The extra area is not mapped into the CPU’s address space, thus is not directly
accessible by the user’'s program. The extra area’s settings can only be read
and modified by an external programmer or by self-programming.

Boot swap A boot swap function makes safe re-programming of the flash memory
possible and is used to maintain an operable software version, even if re-
programming fails for any reason, e.g. in a power fail situation.

For further information concerning boot swapping refer to “Secure self-
programming (boot cluster swapping)” on page 271.

Protection A set of protection flags can be specified during flash memory programming to
prohibit access the flash memory in different ways, implying read-out, rewrite
and erase protections. By these means the code flash memory can be
protected against read-out and rewrite of the flash memory content by
unauthorized persons.

For further information concerning data protection refer to “Data Protection and
Security” on page 280.

Variable reset The variable reset vector function allows flexible assignment of the application
vector program start by redefinition of the reset vector.

For further information concerning the variable reset vector refer to “Variable
Reset Vector” on page 276.
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Table 7-1

Flash memory write methods

Environment

Interface

Outline

Operation Mode

Serial
programming

Serial I/F (UART,
csl)

Flash memory programming is done by an external
flash programmer.

The device may be mounted on the target system (on-
board) or unmounted (off-board) by using a suitable
programming adapter board. In either case the
communication between the device and the flash
progammer is using a serial interface.

For details refer to “Flash Programming with Flash
Programmer” on page 259.

Flash memory
programming
mode

Self-
programming

Self-programming
library

Flash memory can be rewritten by executing a user
program that has been written to the flash memory in
advance by means of off-board/on-board
programming. The self-programming library provides
all necessary functions to be called by the application
software.

For details refer to “Code Flash Self-Programming” on
page 269.

Normal operation
mode

Table 7-2 on page 257 summarizes the functions used to modify flash memory

content.
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Table 7-2 Basic functions for flash memory modifications

Support
(V: Supported, x: Not supported)
Function Functional outline
Serial .
: Self-programming
programming
Block erasure | The contents of specified memory blocks are erased. \ \
Multiple block | The contents of the specified successive multiple N N
erasure blocks are erased.
Chip erasure The contents of the entire memory area is erased all
at once. The extra area - except the boot cluster \ x8
protection flag - is also erased.
Write Writing to specified addresses, and a verify check to N N
see if write level is secured are performed.
Verify Data read from the flash memory is compared with N b
data transferred from the flash programmer.
Checksum Microcontroller internally calculated checksum over
the entire flash memory content is compared with the Y X
checksum calculated by the serial programmer
Blank check The erasure status of the entire memory is checked. \ \
Protection Following functions can be prohibited:
settings * chip erase
* block erase J Je
* write
* read
* rewriting of the boot cluster
a) In self-programming mode all blocks can be specified to be erased at once by block erasure. Note that the extra

area is not erased in this case.

Can be carried out by the user’s program.

©) Except protection against rewriting of the boot cluster all other protections have no effect in self-programming

mode.

Protection settings can be activated in self-programming mode. Already activate protection settings can not be

deactivated.

The following table lists the available flash memory protection functions.

For details refer to “Data Protection and Security” on page 280.

Table 7-3 Protection functions

Applicable
(\: applies, x: doesn’t apply)

prohibit

the boot cluster impossible.

Function Functional outline
Serial .
. Self-programming
programming
Chip erase Erasure of the entire flash (including the extra
command prohibit | area® and the data flash) or single blocks S X
impossible.

Block erase Erasure of single blocks impossible. N

. X
command prohibit
Program command | Erasure and rewrite of single blocks N N
prohibit impossible.
Read command Read-out of any flash content impossible. N y
prohibit
Rewriting boot area | Erasure (by block or chip erase) or writing of N N
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a) The boot cluster protection flag is not erased.

7.1.4

Erasure

Rewrite

Code flash memory erasure and rewrite

According to its block structure the flash memory can be erased in two different
modes.

¢ All-blocks batch erasure (chip erase)
All blocks are erased all together.
* Block erasure
Each 2 KB respectively 4 KB flash memory block can be erased separately.

In self-programming mode any number of contiguous flash memory blocks
can be erased all together.

In self- and serial programming mode it is possible to rewrite the flash memory
in smaller units than one block. Once a complete block has been erased it can
be rewritten in units of 16 byte. Each unit can be rewritten only once after
erasure of the complete block.
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7.2

7.2.1

Flash Programming with Flash Programmer

A dedicated flash programmer can be used for external writing of the flash
memory.

¢ On-board programming
The contents of the flash memory can be rewritten with the microcontroller
mounted on the target system. Mount a connector that connects the flash
programmer on the target system.

» Off-board programming
The flash memory of the microcontroller can be written before the device is
mounted on the target system, by using a dedicated programming adapter.

Programming environment

The necessary environment to write a program to the flash memory of the
microcontroller is shown below.

FLMDO (FLMD1"*)

RS-232-C Vss

Host machine flash programmer HS

usB : RESET

‘ﬂ,s/
= UART/CSIB 850
=™ microcontroller

Note: FLMD1 connection may be replaced by a pull-down resistor on the board

Figure 7-3 Environment to write program to flash memory

A host machine is required for controlling the flash programmer.

Following microcontroller serial interfaces can be used as the interface
between the flash programmer and the microcontroller:

e asynchronous serial interface UART

* clocked serial interface CSI

If a CSl interface is used with handshake, the flash programmer’s HS signal is
connected to a certain V850 port, in the following generally named as
HSPORT. The port used as HSPORT for this product is given in Table 7-5.

Flash memory programming off-board requires a dedicated programming
adapter.

In this chapter the terms UART and CSI may be used generically for the
dedicated interface types and channels the microcontroller provides. UART
and CSI signal names are used accordingly.
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7.2.2 Communication mode

The communication between the flash programmer and the microcontroller
utilizes the asynchronous serial interface UART or optionally the synchronous
serial interface CSI.

For programming via the synchronous serial interface CSI without handshake
and with handshake modes are supported. In the latter mode the port pin
HSPORT is used for the programmer’s handshake signal HS.

(1) UART
The external flash programmer offers various choices of available baud rates.

FLMDO (FLMD1"ete) FLMDO (FLMD1Met)

VDD - VDD
RESET RESET
RXD TXD _veso
microcontroller
flash programmer TXD RXD

Note: FLMD1 connection may be replaced by a pull-down resistor on the board

Figure 7-4 Communication with flash programmer via UART

(2) CSI without handshake
The external flash programmer offers various choices of available clock rates.

FLMDO (FLMD1%*) ——~ FLMDO (FLMD1"®)

Vob Vb
GND Vss
RESET ——— RESET
Sl~——— S0 _VBs0
microcontroller
flash programmer SO ———— Sl

SCK ———— SCK

Note: FLMD1 connection may be replaced by a pull-down resistor on the board

Figure 7-5 Communication with flash programmer via CSI without handshake

The flash programmer outputs a transfer clock and the microcontroller
operates as a slave.
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(3) CSI with handshake (CSI + HS)
The external flash programmer offers various choices of available clock rates.
FLMDO (FLMD1Mete) FLMDO (FLMD1Nete)
Voo ——— Voo
GND
RESET
Sl
S0 S| V850
microcontroller
flash programmer SCK SCK
HS HSPORT
Note: FLMD1 connection may be replaced by a pull-down resistor on the board
Figure 7-6 Communication with flash programmer via CSI with handshake
The flash programmer outputs a transfer clock and the microcontroller
operates as a slave.
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7.2.3 Pin connection with flash programmer PG-FP5

A connector must be mounted on the target system to connect the flash

programmer for on-board writing. In addition, functions to switch between the
normal operation mode and flash memory programming mode and to control
the microcontroller’s reset pin must be provided on the board.

When the flash memory programming mode is set, all the pins not used for
flash memory programming are in the same status as immediately after reset.

If the PG-FP5 is used as the flash programmer, it generates the signals listed
in Table 7-4 for the microcontroller. For details, refer to the PG-FP5 User’s

Manual (U15260E).

Table 7-4 Signals generated by flash programmer PG-FP5
PG-FP5 Controller Connection

Signal name /0 Pin function Pin name UART CSl CSI + HS
FLMDO Output | Write enable/disable FLMDO N S S
FLMD1 Output | Write enable/disable FLMD1 x x x
Vpp /0 Vpp voltage generation/ Voo N \ S

voltage monitor
GND - Ground Vss V ol V
CLK Output | Clock output to the controller | X1 x “x “x
RESET Output | Reset signal RESET S \ S
SI/RXD Input Receive signal SO/TXD S S S
SO/TXD Output | Transmit signal SI/RXD \/ v \
SCK Output | Transfer clock SCK “x \ S
HS Input Handshake signal for HSPORT x “x Xl

CSI + HS communication

Note +: Must be connected.
X: Does not have to be connected.
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Table 7-5 Wiring of VB50ES/Fx3 flash writing adapters

Flash programmer (FG-FPS) connection Name of Name of Serial I/F pin
pin FA board?®
Signal name | 1/O Pin function pin UARTDO CSIBO + HS CSIBO
SI/RxD | Receive signal Sl TXDDO SOBO
SO/TxD O | Transmit signal SO RXDDO SIBO
SCK O | Transfer clock SCK Not needed SCKBO
CLK O | Clock to V850 X1 Leave open
microcontroller X2 Leave open
RESET O | Reset signal RESET RESET
FLMDO | Write voltage FLMDO FLMDO
FLMD1 | | Write voltage FLMD1 FLMD1
HS | Handshake signal RESERVE/ Not needed HSPORT = Not needed
for CSI + HS HS PCMO
VDD — | VDD voltage VDD Voo
generation/ Voor
voltage monitor
BVoo
EVoo
AVrero
AVrer
GND — | Ground GND Vss
Vsst
BVss
EVss
AVss
AVss1

a) FA board: flash programming adadpter board

Table 7-6 V850ES/Fx3-L pin humbers for serial programming

B o VB50ES/FE3-L | VB50ES/FF3-L | V850ES/FG3-L
pin no. pin no. pin no.
TXDDO P30 22 22 25
RXDDO P31 23 23 26
SIBO P40 19 19 22
SOBO P41 20 20 23
SCKBO P42 21 21 24
RESET - 14 14
FLMDO - 8 8
FLMDA PDL5 52 62 76
PCMO PCMO 45 49 61
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7.2.4 Flash memory programming control

The procedure to program the flash memory is illustrated below.

C S )

Reset/FLMDO Transition to flash memory
pulse supply programming mode

Select communication mode

Manipulation of flash memory

No

Yes
( End )

Note: Areset pulse is required to initiate the selection
of the flash programming mode.

Figure 7-7 Flash memory programming procedure

(1) Operation mode control

To rewrite the contents of the flash memory by using the flash programmer, set
the microcontroller in the flash memory programming mode.

To set this mode, set the FLMDO and FLMD1 pins as shown in Table 7-7 on
page 264 and release RESET.

In the normal operation mode, VSS is input to the FLMDO pin. A pull-down
resistor at the FLMDO pin ensures normal operation mode if no flash
programmer is connected. In the flash memory programming mode, the Vpp
write voltage is supplied to the FLMDO pin. Additionally the FLMD1 pin has to
hold VSS level.

Table 7-7 Operation mode setting

Pins
Operation mode
FLMDO FLMD1
Vgs Don’t care Normal operation mode
Vpp Vss Flash programming mode
Vbp Setting prohibited

An example of connection of the FLMDO and FLMD1 pins is shown below.
FLMD1 can be connected to ground via a resistor. Alternatively the FLMD1 pin
may also be connected directly to the FLMD1 signal of the flash programmer.
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PG-FP5

FLMDO

V850

FLMDO

FLMD1 f——

PG-FP5

FLMD1

V850

FLMDO
FLMD1

FLMDO
FLMD1

:

Figure 7-8 Example of connection to flash programmer PG-FP5

Once started in normal operation mode (FLMDO = 0), FLMDO pin is used for
enabling self-programming. Refer also to 7.3 on page 269.

(2) Potential conflicts with on-board signal connections

Serial I/0 signals If other devices are connected to the serial interface pins in use for flash
memory programming in on-board programming mode take care that the
concerned signals do not conflict with the signals of the flash programmer and
the microcontroller. Output pins of the other devices must be isolated or set in
high impedance state. Ensure that the other devices do not malfunction

because of flash programmer signals.

V850

output

QO Flash programmer

input

Other
device

isolate or disable

V850

input

O Flash programmer

input

y

Other
device

isolate or disable

V850

input

QO Flash programmer

input

Other
device

isolate or disable
or Hi-Z

Figure 7-9 Potential conflicts with serial interfaces signals
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Figure 7-10

Ports

Oscillators
DRST

Power supply

Pay attention in particular if the flash programmer’s RESET signal is connected
also to an on-board reset generation circuit. The reset output of the reset
generator may ruin the flash programming process and may need to be
isolated or disabled.

V850

RESET O Flash programmer

Reset generator

; RESET

-
s d

isolate or disable

Potential conflict with RESET

The V850 port pins adopts following status during serial programming:
Ports used for programming are configured as UART respectively CSI pins.
All other pins remain in their default state after reset release.

In case the default state after reset of the pins not used for programming is
inport port or high -impedance output port, pay attention to other devices
connected to these pins. If these devices require defined levels at the pins, the
ports may have to be connected to Vpp or Vgg via a resistors.

Connect all oscillator pins in the same way as in the normal operation mode.

During flash memory programming, input a low level to DRST or leave it open.
Do not input a high level.

Supply the same power to all power supply pins, including reference voltages,
power regulator pins, etc., as in the normal operation mode.
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(3) Selection of the communication mode

The communication interface is chosen by applying a specified number of
pulses to the FLMDO pin after reset release. Note that this is handled by the
flash programmer.

Figure 7-11 on page 267 gives an example how the UART is established for
the communication between the flash programmer and the microcontroller.

Vop
Vob
Vss
Vop
RESET (input)
Vss
Vop
FLMD1 (input)
Vss
Vop
FLMDO (input)
Ves (Note)
Vop
RXD (input)
Vss
Vop
TXD (output)
Vss Oscillation | Communication |—| LJ
stabilized mode selected
Flash control command communication
Poweron Reset (erasure, write, etc.)
released
Figure 7-11 Selection of communication mode
Note The number of clocks to be inserted differs depending on the chosen
communication mode. For details, refer to Table 7-8 on page 267.
Table 7-8 FLMDO pulses for communication mode setting
FLMDO pulses Communication Mode Remarks
0 UART Communication rate: 9600 bps (after reset), LSB first
8 CSi V850ES/Fx3 performs slave operation, MSB first
11 CSl + HS V850ES/Fx3 performs slave operation, MSB first
Other - Setting prohibited
When UART has been selected after reception of the FLMDO pulses with
9600 bps, the flash programmer changes the baud rate according to the user’s
choice via the flash programmer’s user interface.
At first the programmer sends two 00y bytes, which are used by the
microcontoller to measure the baud rate and to set up it's own baud rate
accordingly.
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(4) Communication commands
The flash programmer sends commands to the microcontroller. Depending on
the commands, the microcontroller returns status information or the requested
data.
Command
4 Status W e
2 V850
? Data microcontroller
flash programmer
Figure 7-12 Communication commands exchange

The following table lists the flash memory control commands of the
microcontroller. All these commands are issued by the flash programmer, and
the microcontroller performs the corresponding processing.

Table 7-9 Flash memory control commands

Support
Classification Command name Function
CSIB |CSIB + HS | UARTD
Blank check Block blank check N N N Checks erasure status of entire
command memory.
Erase Chip erase command \ y \/ Erases all memory contents.
Block erase command N N N Erases memory contents of
specified block.
Write Write command Writes data by specifying write
N N N address and number of bytes to
be written, and executes verify
check.
Verify Verify command N N N Compares input data with all
memory contents.
System setting | Reset command \ V \/ Escapes from each status.
and control —— ——
Oscillation frequency N N N Sets oscillation frequency.
setting command
Baud rate setting _ _ N Sets baud rate when UART is
command used.
Silicon signature N N N Reads silicon signature
command information.
Version acquisition N N N Reads version information of
command device.
Status command N \/ - Acquires operation status.
Protection setting Sets protection against chip
command \/ Y v erasure, block erasure, and
writing.
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7.3 Code Flash Self-Programming

This V850 microcontroller supports a flash macro service that allows the user
program to rewrite the internal flash memory by itself.

By using this flash macro service and a self-programming library, provided by
Renesas, the user’s program is able to rewrite the flash memory with data,
transferred in advance to the internal RAM or the external memory.

Thus the user program can be upgraded and constant data can be rewritten in
the field.

internal RAM / external memory

User’s re-programming routine
C Self-programming library D

Flash function execution Flash information

i |

Flash macro service

Erase, write

Flash memory

Figure 7-13 Concept of self-programming

During self-programming access to the flash memory is not possible. Thus
program execution is only possible by instruction fetching from internal RAM or
external memory.

Consequently the instructions of user re-programming software routines, which
shall remain in operation during the self-programming procedure, must be
copied from the flash memory to the internal RAM or external memory prior to
activating the self-programming. Since interrupt processing by using the
interrupt vectors in the flash memory is also impossible during self-
programming, a special feature is provided to re-route interrupt acknowledges
to the internal RAM (refer to “Interrupt handling during flash self-programming”
on page 275).

It is recommended to refer to the application note “Self-Programming”
(document no. U16929EE) for comprehensive information concerning flash
self-programming. This document explains also the functions of the self-
programming library. The latest version of this document and the library can be
loaded via the URL

http://www.renesas.eu/updates
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7.3.1

Figure 7-14

7.3.2

Self-programming enable

The self-programming functions can be started out of the normal user mode of
the microcontroller.

The microcontroller must be set into self-programming mode via the self-
programming library.

For security reasons writing and erasing of the flash memory must be
additionally permitted by setting the external FLMDO pin to high level. Note that
FLMDO holds low level in normal operation mode after reset release.

This requires some external components or wiring, e.g. connecting an output
port to FLMDO.

Vob --------
RESET signal
9 oV A

Self-programming
write/erase
, permitted ,

!
l 1

Vb --------- E ffffffffff
FLMDO pin . | |—
ov T

' I
- -

" Normal Normal
operation mode operation mode

Self-programming enable

When self-programming has been completed, the voltage on the FLMDO pin
must be returned to VSS.

Self-programming library functions

Code flash memory self-programming by the user’s program is supported by
the self-programming library.

This library provides a set of C function calls to carry out basic functions like

* blank-check/erase/rewrite/verify of the flash

¢ boot cluster swapping, including definition of boot clusters

» definition of the variable reset vector

¢ setting of protection flags

* obtain various information concerning the code flash memory

Detailed information how to use the library functions is given in the Application

Note: “Self-Programming Library for embedded Single Voltage FLASH”
(document no. U16929EE).

The up-to-date version of the self-programming library and the above
mentioned Application Note can be obtained from

http://www.renesas.eu/updates
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7.3.3 Secure self-programming (boot cluster swapping)

The V850 flash microcontrollers support a mechanism to swap a cluster of
code flash memory blocks, starting from address 0000 0000y, with another

cluster of the same size, located immediately above the first one.

Caution Boot cluster swapping is only supported, if the variable reset vector remains in
its default state 0000 0000.
If the reset vector is changed to other values, boot cluster swapping is not
possible.

Boot swap cluster A group of boot blocks to be swapped. The cluster of blocks starting at address
0000 0000y is named active boot swap cluster, since it contains the entry point

of the user’s program at the default reset vector 0000 0000.

Boot swap flag Which of the two clusters is the active boot cluster is controlled by the boot
swap flag, that can be defined during flash programming via the self-
programming library.

The boot swap flag is stored in the flash memory extra area.

Figure 7-15 on page 271 shows an example of the boot block swapping
function with a cluster size of 4 flash memory blocks. After inverting the
boot_flag - it becomes not(boot_flag) - blocks 4 to 7 become the active boot
cluster. Thus after next reset release the user’s program starts from the new
boot swap cluster.

last block last block
1
1 1 ) 1
1 1 . 1
1 1 . 1
1 1 ) 1
1 1 . 1
1 1 1
block 8 block 8
T block 7 “ P; block 3
inactive block 6 block 2
boot AN
e block 5 block 1
block 4 SN, block 0
- S =X
—t block 3 N AN block 7
active block 2 N block 6
boot N
e block 1 . block 5
1 block 0 X block 4
oooooOOOH .Y |
boot_flag not(boot_flag)

Figure 7-15 Boot swap cluster swapping function
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Secure self-
programming

Boot cluster

Number of boot

The boot cluster swapping function enables secure self-programming. In case
the boot code shall be rewritten, the new code can be written to the inactive
boot cluster, while the boot_flag remains in its previous state.

If rewriting of the boot cluster has been completed successfully, the boot_flag
can be inverted, making the new boot code active.

If rewriting of the new boot code fails for any reason, e.g. power fail or
unintended reset, the old boot code still remains active and rewriting can be
started again.

The boot code size itself may be smaller than the boot swap cluster size.

The number of flash memory blocks, which are part of the boot code, are
named boot cluster. The number of boot blocks, which are member of the
cluster, can be defined during self-programming via the self-programming
library.

The boot cluster size determines the boot swap cluster size. This is
automatically evaluated from the number of boot blocks, defined during self-
programming.

Table 7-10 on page 273 shows the relation between the number of boot blocks,
the boot cluster size and the boot swap cluster.

The number of boot blocks has to be defined by the user during

blocks self-programming. It determines the blocks, which are subject to the boot
cluster protection, that allows to protect the boot blocks from any erase or write
process.
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Table 7-10 Relation between boot block and boot swap cluster

Number of Boot cluster Sootiswap
Boot blocks? cluster
004 0000 0000 - 0000 07FF | 0000 0000y,
(2 KB) -
01y RESV - 0000 OFFFH | 0000 1FFFy
(4 KB) (8 KB)
024 RESV - 0000 17FFy,
(6 KB)
03, RESV - 0000 1FFF
(8 KB)
04y RESV - 0000 27FFy 0000 0000y
(10 KB) -
0000 3FFFy
(16 KB)
07H RESV - 0000 3FFFy
(16 KB)
084 RESV - 0000 47FFy, 0000 0000,
(18 KB) -
0000 7FFF
(32 KB)
OFy RESV - 0000 7FFF
(max. 32 KB)
10 RESV - 0000 87FFy 0000 0000y
(34 KB) -
0000 7FFFy
(64 KB)
1FH RESV - 0000 FFFFy
(64 KB)
204 RESV - 0001 07FF,
(66 KB)
7Fh RESV - 0003 FFFF,
(256 KB)
804
Setting prohibited
FFy

a)

or via the external programmer during serial programming.

RESV: Start address of the block including the boot vector.

The number of boot blocks has to be defined by the user during self-programming
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Chapter 7 Flash Memory

Figure 7-16 on page 274 illustrates an example with following settings:

¢ number of boot blocks: 2 (boot cluster contains 2 blocks), thus the active
boot cluster comprises
— if boot_flag: blocks Oand 1
— if not(boot_flag): blocks 4 and 5

¢ active boot swap clusters comprises

— if boot_flag: blocks 0 to 3
— if not(boot_flag): blocks 4 to 7

last block last block
1
1 1 1 1
1 1 1 1
1 1 | 1
1 1 1 1
1 1 1 1
1 1 |
block 8 block 8
T block 7 " v block 3
inactive block 6 block 2
boot S . N
swap N
cluster inactive block 5 x‘(\ block 1
boot block N
l cluster block 4 N N o block 0
B AN, B NS Ny
T block 3 AN block 7
active block 2 e block 6
boot L R N
swa N
cluster active block 1 block 5
boot block AN
l cluster block 0 A block 4
00000000H. Y _ ¥ __}\ |
boot_flag not(boot_flag)

Figure 7-16 Boot cluster swapping function

Boot block To prohibit rewriting of the boot blocks, the boot cluster protection flag can be
protection set during flash memory programming. When this flag is set, the blocks of the
active boot cluster can neither be erased nor written. Boot cluster swapping is
impossible as well.
Note that only the blocks of the active boot cluster are protected. In the
example according to Figure 7-16 on page 274, for instance, blocks 0 and 1
would be prohibited, while blocks 2 and 3 could still be erased and written.

Caution Once the boot cluster protection has been activated, it can never be
deactivated again.

For further information concerning flash memory protection flags refer to “Data
Protection and Security” on page 280.
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734

Note

Interrupt handling during flash self-programming

This microcontroller provides functions to maintain interrupt servicing during
the self-programming procedure.

Since neither the interrupt vector table nor the interrupt handler routines, which
are normally located in the flash memory, are accessible while self-
programming is active, interrupt acknowledges have to be re-routed to non-
flash memory, i.e. to the internal RAM.

Therefore two prerequisites are necessary to enable interrupt servicing during

self-programming:

¢ The concerned interrupt handler routine needs to be copied to the internal
RAM, respectively external memory. The user has to initiate this copy
process.

e The concerned interrupt acknowledge has to be re-routed to that handler.
Re-routing to the handler is done by the internal firmware. Thus the user
doesn’t have to care about.

The internal firmware and the self-programming library provide functions to
initialize and process such interrupts.

The interrupt handler routines can be copied from flash to the internal RAM by
use of self-programming library functions.

The addresses of the interrupt handler routines are set up via the self-
programming library as well.

1. Note that this special interrupt handling adds some interrupt latency time.

2. Special interrupt handling is done only during the flash programming
environment is activated. If self-programming is deactivated, the normal
interrupt vector table in the flash memory is used.

All interrupt vectors are relocated to one entry point in the internal RAM:

¢ New entry point of all maskable interrupts is the 1st address of the internal
RAM. A handler routine must check the interrupt source. The interrupt
request source can be identified via the interrupt/exception source register
ECR.EICC (refer to “System register set” on page 129)

* New entry point of all non maskable interrupts is the word address following
the maskable interrupt entry, i.e. the second address of the internal RAM.
The interrupt request source can be identified via the interrupt/exception
source register ECR.FECC (refer to“System register set” on page 129).

In general a jump to a special handler routine will be placed at the 1st and 2nd
internal RAM address, which identifies the interrupt sources and branches to
the correct interrupt service routine.

The function serving the interrupt needs to be compiled as an interrupt function
(i.e. terminate with a RETI instruction, save/restore all used registers, etc.).

It is recommended to refer to the application note “Self-Programming”
(document nr. U16929EE) for comprehensive information concerning flash
self-programming. This document explains also the functions of the self-
programming library. The latest version of this document can be loaded via the
URL

http://www.renesas.eu/updates
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7.4

Note

Variable Reset Vector

This microcontroller provides a facility to specify the address of the first user
software instruction to be executed after reset release.

By default the first user’s instruction to be executed after reset, i.e. the reset
vector, is the one stored at address 0000 0000y. During flash programming

another reset vector address can be specified, the so called variable reset
vector.

The variable reset vector is stored in the flash memory extra area.
The variable reset vector can be modified in all flash programming modes. The
self-programming library supports this function.

The variable reset vector only determines the user’s program start after reset.
The vector table is not affected. It is always located at address 0000 0000.
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Chapter 7 Flash Memory
7.5 Flash Mask Options
In the option data area, a block subject to mask options is specified. Make sure
to set the option data area corresponding to the following option bytes in the
program at address 0000 007A/0000 007By as default data.

Caution If the flash memory is programmed during a debug session with the on-chip
debugger and the options bytes have been changed, a target reset command
has to be issued in order to make the new option byte settings effective.

(1) Option Byte 0000 0007Ay
Table 7-11  Option byte 0000 0007Ay settings
Address | Set Value Setting
007Ay Internal-OSC:  Can be stopped.
00 WDT2: Count clock can be selected.
H Overflow signal can be selected from INTWDT2 or WDT2RES.
Sub oscillator:  Crystal resonator connection
Internal-OSC:  Cannot be stopped.
01 WDT2: Count clock can be selected.
H Overflow signal can be selected from INTWDT2 or WDT2RES.
Sub oscillator:  Crystal resonator connection
Internal-OSC:  Can be stopped.
02 WDT2: Count clock is fixed to Internal-OSC.
H Overflow signal is fixed to WDT2RES.
Sub oscillator:  Crystal resonator connection
Internal-OSC:  Cannot be stopped.
03 WDT2: Count clock is fixed to Internal-OSC.
H Overflow signal is fixed to WDT2RES.
Sub oscillator:  Crystal resonator connection
Internal-OSC:  Can be stopped.
co WDT2: Count clock can be selected.
H Overflow signal can be selected from INTWDT2 or WDT2RES.
Sub oscillator:  RC oscillation connection
Internal-OSC:  Cannot be stopped.
c1 WDT2: Count clock can be selected.
H Overflow signal can be selected from INTWDT2 or WDT2RES.
Sub oscillator:  RC oscillation connection
Internal-OSC:  Can be stopped.
c2 WDT2: Count clock is fixed to Internal-OSC.
H Overflow signal is fixed to WDT2RES.
Sub oscillator:  RC oscillation connection
Internal-OSC:  Cannot be stopped.
c3 WDT2: Count clock is fixed to Internal-OSC.
H Overflow signal is fixed to WDT2RES.
Sub oscillator:  RC oscillation
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Chapter 7 Flash Memory

(2) Option Byte 0000 0007By

7 6 5 4 3 2 1 0
0000 007By SUBCLK 0 0 0 PLLO PRSI PLLI PLLIO

Table 7-12 Option byte 0000 0007By contents

B.'t. Bit name Function
position
7 SUBCLK | Clock source at subclock operating mode.

0: SubOSC selection
1: 240 KHz internal oscillator selection

3 PLLO PLL output clock selection.

0: Setting prohibited

12 tor = fpLio/2

2 PRSI Peripheral clock selection.
0: fxp1, fxp2 = fxx

Note: 1: fypq, fxpo = fxx/2

1,0 PNI[1:0] Selection of PLL input clock to PLL.
PLLIH PLLIO PLL input clock to PLL
0 0 feL =fx
1 X fPLL| = fx/4
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Chapter 7 Flash Memory
7.6 Device Information
7.6.1 PRDSELH register - Product selection code register
The 16-bit PRDSELH register specifies the RAM start address of the device.
Access The register can be read in 16-bit units.
Address FFFFFCCAy
Initial Value Device depending
(for details refer to Table 7-13)
15 14 13 12 11 10 9 8
PRDSELH | X x ‘ x ‘ x ‘ x x ‘ X | x |
R R R R R R R R
7 6 5 4 3 2 1 0
B x | x| x | RAM3 | RAM2 | RAM1 | RAMO |
R R R R R R R R
Table 7-13 SELCNTO register contents
B't Bit name Function
position
3t00 RAMI[3:0] | Specifies the start address of the internal RAM.
RAM3 RAM2 RAM1 RAMO RAM start address
0 0 1 0 03FFDOOOH
0 1 0 0 03FFB0OOOH
0 1 1 0 03FF9000H
0 1 1 1 03FF7000H
1 0 0 0 03FF5000H
1 0 0 1 03FF3000H
1 0 1 0 03FFO000H
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8.1 Overview

The microcontroller supports various methods for securing safe
(re-)programming of the internal flash memory and protecting of the flash
memory data against undesired access, such as illegal read-out or illegal
reprogramming.

Security functions Security functions provide countermeasures against unexpected failures
during reprogramming processes. These are basically:
* Secure self-programming
¢ Secure bootloader update
* Boot swapping
¢ boot cluster protection

These functions are described in detail in “Flash Memory” on page 251.

Protection Protection functions provide a set of mechanisms to protect the internal flash
functions memory data from being read, erased or altered by unauthorized persons.
These are basically:
¢ On-chip (N-Wire) debug interface protection

* Flash memory erase/write/read protection via the serial programming
interface

Some interfaces offer in general access to the internal flash memory: N-Wire
debug interface, external flash programmer interfaces and self-programming
facilities. All of these interfaces need to be considered for a proper protection
concept.

The following sections give an overview about supported protection methods.

8.2 N-Wire Debug Interface Protection

In general read-out of the flash memory contents is possible via the N-Wire
debug interface, but protection against illegal read-out can be enabled. For
protection of the flash memory, the usage of the debug interface can be
protected and it can be disabled. The debug interface is protected via a
10-byte ID code and an internal flag (N-Wire use enable flag).

When the debugger is started, the status of a flag is queried (N-Wire use
enable flag). Set this flag to zero to disable the use of the N-Wire in-circuit
emulator.

When debugging is enabled (N-Wire use enable flag is set), you have to enter
a 10-byte ID code via the debugger. The code is compared with the ID code
stored in the internal flash memory. If the codes do not match, debugging is not
possible.

The N-Wire use enable flag can be set or reset while reprogramming the flash
by an external flash writer or with the self-programming feature. The flag is
located at bit 7 at address 0000 0079.
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Table 8-1

Note

You can specify your own 10-byte ID code and program it to the internal flash
memory by an external flash writer or with the self-programming feature. The
ID code is located in the address range 0000 00704 to 0000 0079.

The protection levels are summarized in Table 8-1

Possible results of ID code comparison

N-Wire use enable flag

ID code

Protection Level

0

Xa

Level 2:
Full protection
N-Wire debug interface cannot be used.P

user-specific

Level 1:

ID code ID code protection user ID code
N-Wire debug interface can only be used
if the user enters the correct ID code.

ID code is all | Level O:

ones® ID code protection with default ID code

N-Wire debug interface can be used if the
user enters the default ID code FF for all
ID bytes.

Codes are not compared
Once the N-Wire debug interface has been set as “use-prohibited”, it cannot be

used until the flash memory is re-programmed.

This is the default state after the flash memory has been erased.

After you have set protection levels 1 or 2, set the “block erase disable flag” in
the flash extra area. Otherwise, an unauthorized person could erase the block
that contains the ID code or the “N-Wire use enable flag”, respectively, and

thus suspend the protection.
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8.3

Serial programming

Self-programming

Protection flags

Flash Programmer and Self-Programming
Protection

In general, illegal read-out and re-programming of the flash memory contents
is possible via the flash writer interface and the self-programming feature. The
available flash memory protection methods are as follows.

It is possible to prohibit any access from external via the serial programming
interface,e.g. by an external flash programmer. With maximum protection the
internal flash memory can not be erased, read-out or written at all, neither in
block units nor the entire flash memory.

During self-programming all operations to erase, read or program the flash
memory is under control of the user’s program. Thus no further protection
functions in self-programming mode are considered. One exception is the boot
block protection, which applies also in self-programming mode.

The protection flags can be set respectively reset by an external flash
programmer, provided the effective protection level allows to do so.

In self-programming mode the effective protection flags can not be reset, but
other ones can be set to enhance the protection level.

The protection flags are stored in the flash memory extra area.

Each protection function can be used in combination with the others at the
same time.

(1) Program protection flag
Set this flag to disable the programming function via external flash programmer
interfaces.
No flash memory content can be written from external, if this flag is set.
Erasure of single blocks is prohibited as well.
This flag does not affect the self-programming interface.
In self-programming mode writing of the flash memory is further on possible.

(2) Chip erase protection flag
Set this flag to disable the chip erase function via external flash programmer
interfaces.
No flash memory content can be erased - neither in single blocks nor the entire
flash memory - from external, if this flag is set.
Chip erase is not available in self-programming mode, though it is possible to
erase the entire flash memory content by block erase of all blocks all together.
Note that the contents of the extra area is not erased by this means. l.e.
protection flags, variable reset vector, etc. are still valid.

(3) Block erase protection flag
Set this flag to disable the feature to erase single blocks via external flash
programmer interfaces.
Single blocks can not be erased. Chip erase is still possible, provided the chip
erase protection flag is not set.
This flag does not affect the self-programming interface.
In self-programming mode erasure of single blocks or sets of contiguous
blocks of the flash memory is further on possible.
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4)

®)

Read-out protection flag

Set this flag to disable the feature that allows reading back the flash memory
via external flash programmer interfaces.
No flash content can be read out.

This flag does not affect the self-programming interface.
In self-programming mode read-out of flash memory content is further on
possible.

Boot cluster protection flag

Set this flag to disable erasure and rewrite of the boot cluster.
The boot cluster can not be manipulated in any way (no erase/write).

This applies in serial and self-programming mode.

Once this flag is set, it is impossible to reset this flag. Thus the boot cluster
content can not be changed any more.

For the explanation of the boot cluster refer to “Secure self-programming (boot
cluster swapping)” on page 271.

All protection flags are reset after shipment of the device, thus no protection is
enabled at all.

Once a protection flag has been set, i.e. the protection is effective, it can not be
reset by any means, except after a chip erase, which erases the entire flash
memory including the extra area.

Consequently without prior chip erase the protection level can only be
increased, but not decreased.

Table 8-2 Protection functions overview

Programming method

command prohibit

Function Functional outline Serial
. Self-programming
programming
Block erase Erasure of single blocks impossible. S X

Once block erase protection is enabled,
disable is only possible after chip erase.

Chip erase
command prohibit

Erasure of the entire flash (including the extra \/ X
area) or single blocks impossible.

Once chip erase protection is enabled, all
protection flag settings can not be changed

any more.
Program command | Erasure and rewrite of single blocks \/ x
prohibit impossible.

Once write protection is enabled, disable is
only possible after chip erase.

Read command
prohibit

Read-out of any flash content impossible. S x
Once read protection is enabled, disable is
only possible after chip erase.

Rewriting boot
cluster prohibit

Erasure (by block or chip erase) or writing of
the boot cluster impossible.

Once rewrite protection of the boot cluster is
enabled, it can not be disabled any more.

Note +: applicable, x: not applicable
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Table 8-3 Rewriting operation when erasing/writing is enabled/prohibited

Block erasure Write
Prohibition state Programming mode Boot ";z:‘t"‘ el‘(;l..:.il:)l‘e Boot ':,22:
area area area area
Rewriting | All enabled Self-programming yes - yes
Zﬁggiga Serial programming yes yes yes
Block erase Self-programming yes - yes
command prohibited Serial programming no yes yes
Chip erase command | Self-programming yes - yes
prohibited Serial programming no no yes
Write command Self-programming yes - yes
prohibited Serial programming no yes no
Rewriting | All enabled Self-programming no yes - no yes
g?:r:izirt?eacli Serial programming yes no yes
Block erase Self-programming yes - yes
command prohibited Serial programming no yes yes
Chip erase command | Self-programming yes - yes
prohibited Serial programming no no yes
Write command Self-programming yes - yes
prohibited Serial programming no yes no
Note —: not supported
Table 8-4 Read operation when reading is enabled/prohibited
Prohibition State Programming mode Read
Read command enabled Self-programming \/
Serial programming \
Read command prohibited Self-programming \
Serial programming X

Note +: execution enabled, x: execution disabled
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Chapter 9 Bus Control Unit (BCU)

The Bus Control Unit controls the access to on-chip peripheral 1/Os.

9.1 Description

The figure below shows a block diagram of the modules that are necessary for
accessing on-chip peripherals, external memory, external 1/O, or data flash.

VFB

CPU

VDB

Bus
Control
Unit

VSB

Bus
Bridge

Internal Bus (NPB)

On-chip Peripheral I/O

Figure 9-1 Bus Control Unit block diagram

Busses The busses are abbreviated as follows:
¢ NPB: Peripheral bus
¢ VSB: V850 system bus
¢ VDB: V850 data bus
¢ VFB: V850 fetch bus

BCU The Bus Control Unit (BCU) controls the access to on-chip peripherals.
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Chapter 9 Bus Control Unit (BCU)

9.1.1 .Peripheral I/O area

Two areas of the address range are reserved for the registers of the on-chip
peripheral functions. These areas are called “peripheral I/O areas”:

Table 9-1 Peripheral I/O areas

Name Address range Size
Fixed peripheral 1/O area 03FF FO00y to 03FF FFFFy 4 KB
Programmable peripheral | 03FE C000y to O03FE EFFFy 16 KB
I/O area (PPA)

(1) Fixed peripheral I/O area

The fixed peripheral 1/0 area holds the registers of the on-chip peripheral 1/0
functions.

Note Because the address space covers 64 MB, the address bits A[31:26] are not
considered. 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 FO00y to

FFFF FFFFy instead of 03FF FO00y to 03FF FFFF,.

RO1UHO0469ED0201 Rev. 2.01 RENESAS 286
User Manual



Chapter 9

Bus Control Unit (BCU)

()

Programmable peripheral I/O area (PPA)

With this microcontroller, usage and address range of the PPA are not
configurable. The PPA extends the fixed peripheral I/O area and assigns an
additional 12 KB address space for accessing on-chip peripherals.

The figure below illustrates the programmable peripheral I/O area (PPA).

03FF FFFFH
Peripheral
I/O register
] NPB (NEC Peripheral Bus)
03FF FOOOH KB -

same area

03FE EFFFH Programmable . Peripheral
peripheral / I/O area
I/O register (4 KB)
03FE CO00H (l6kB) | [
Programmable
peripheral Dedicated area for
1/0 area FCAN controller

Figure 9-2 Programmable peripheral I/O area

Note

The CAN modules registers and message buffers are allocated to the PPA.
Refer to “CAN module register and message buffer addresses” on page 540
for information how to calculate the register and message buffer addresses of
the CAN modules.

1. The fixed peripheral I/O area is mirrored to the upper 4 KB of the
programmable peripheral I/O area. If data is written in one area, data
having the same contents is also written in the other area.

2. To make software suitable for both microcontroller and emulation tool, it is
recommended to include the set up of the base address in the software.
See “BPC - Peripheral area selection control register” on page 291.
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9.1.2 NPB access timing

Caution

All accesses to the peripheral I/O areas are passed over to the NPB bus via
the VSB - NPB bus bridge BBR. Read and write access times to registers via
the NPB depend on the register (refer to “Registers Access Times” on

page 734), the system clock VBCLK and the setting of the VSWC register.

The CPU operation during an access to a register via the NPB depends also
on the kind of peripheral I/O area:

* Fixed peripheral I/O area

During a read or write access the CPU operation stops until the access via
the NPB is completed.

e Programmable peripheral I/O area
During a read access the CPU operation stops until the read access via the
NPB is completed.
During a write access the CPU operation continues operation, provided any
preceded NPB access is already finished. If a preceded NPB access is still
ongoing the CPU stops until this access is finished and the NPB is cleared.

Pay attention at write accesses to NPB peripheral I/O registers via the
programmable peripheral I/O area.

Since the CPU may continue operation, even though the data has not yet been
transferred to its destination register, inconsistencies may occur between the
program flow and the status of the registers.

In particular register set-ups which change an operational status of a certain
module require special notice, like, for instance, masking/unmasking of
interrupts via maskable interrupt control registers xxIC, enabling/disabling
timers, etc.
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9.1.3

1)

Table 9-2

Note

()

Figure 9-3

9.14

O

Bus properties

This section summarizes the properties of the internal bus.

Bus access

The number of CPU clocks necessary for accessing each resource is as
follows:

Number of bus access clocks

Internal ROM
_ _ (32 bits) Internal
Bus cycle configuration - - RAM
with branch | with branch (32 bits)
latency 2 latecancy 3
Instruction fetch Normal access 1 1 18
Branch 2 3 1
Operand data access 3 4 1
a) In case of contention with data access, the instruction fetch from internal RAM

takes 2 clocks.

Unit: Clocks/access

Endian format
The endian format is fixed to little endian format.

The endian format defines the byte order in which word data is stored. “Little
Endian” means that the low-order byte of the word is stored in memory at the
lowest address, and the high-order byte at the highest address. Therefore, the
base address of the word addresses the low-order byte:

bit number 31

byte position

access via

<base>
addresses

<base>+3 <base> +2 <base> +1

Little endian addresses within a word

Boundary operation conditions

The microcontroller device has the following boundary operation conditions:

Program space

Instruction fetches from the internal peripheral I/O area are inhibited and yield
NOP operations.

If a branch instruction exists at the upper limit of the internal RAM area, a
pre-fetch operation (invalid fetch) that straddles over the internal peripheral 1/0
area does not occur.
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(2) Data space
The microcontroller device is provided with an address misalign function.

By this function, data of any format (word: 32 bit, halfword: 16 bit, byte: 8 bit)
can be placed to any address in memory, even though the address is not
aligned to the data format (that means address 4n for words, address 2n for
halfwords).

* Unaligned halfword data access
When the LSB of the address is A0 = 1, two byte accesses are performed.

* Unaligned word data access

— When the LSB of the address is A0 = 1, two byte and one halfword
accesses are performed. In total it takes 3 bus cycles.

— When the LSBs of the address are A[1:0] =10g, two halfword accesses
are performed.

Note Accessing data on misaligned addresses takes more than one bus cycle to
complete data read/write. Consequently, the bus efficiency will drop.
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9.2 Registers

Access to on-chip peripherals is controlled and operated by registers of the
Bus Control Unit (BCU):

Table 9-3 Bus and memory control register overview

Module Register name Shortcut Address
Bus Control Unit (BCU) | Peripheral area selection control register BPC FFFF FO64y
Internal peripheral function wait control register | VSWC FFFF FO6EH

The following registers are part of the BCU. They define the usage of the
programmable peripheral I/O area (PPA) and the data bus width.

(1) BPC - Peripheral area selection control register

The 16-bit BPC register enables/disables the PPA and it determines the
starting address of the PPA.

¢ 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.
Access This register can be read/written in 16-bit units.

Address FFFF F064y
Initial Value 00004

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BPC |PA15| 0 ‘PA13‘PA12‘PA11‘PA10‘PA9‘PAB‘PA7‘PAG‘PAS‘PA4‘PA3‘PA2|PA1 |PAO|

Table 9-4 BPC register contents

Bit

o Bit Name Function
Position

Select usage of programmable peripheral 1/0 area (PPA).
15 PA15 0: PPA disabled
1: PPA enabled

Bits PA[13:0] specify bits 27 to 14 of the starting address of the PPA. The other bits of
the address are fixed to 0.

11100 PA[13:0]

Caution The bits marked with 0 must always be 0.
The base address PBA of the programmable peripheral area sets the start
address of the 16 KB PPA in a range of 256 MB. The 256 MB page is mirrored
16 times to the entire 32-bit address range.
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The base address PBA is calculated by
PBA = BPC.PA[13:0] x 24
Table 9-5 shows how the addresses of the programmable peripheral area are
assembled. The base address PBA is highlighted.
Table 9-5 Address range of programmable peripheral area (12 KB)
31 28 27 14 13 1 0 bit
o] .. [ o] BPC.PA[13:0] IENIEERER
0| ..] o0 BPC.PA[13:0] 0o ..] o0 1
BPC.PA[13:0] 0 0 0 |PBA
(2) VSWC - Internal peripheral function wait control register
The 8-bit VSWC register controls the bus access wait for the on-chip
peripheral I/O registers. The data wait states are based on the system clock.
Access to on-chip peripheral I/O registers is made in 3 clocks (without wait),
however, waits may be required depending on the operation frequency. Set the
values described below to the VSWC register in accordance with the operation
frequency used.
Access This register can be read/written in 8-bit units.
Address FFFF FO6Ey
Initial Value 77y
7 6 5 4 3 2 1 0
vswc | o | suwiz | suwir | suwwo | o | vswiz | vswii | vswio |
R/W R/W R/W R R/W R/W R/W
Table 9-6 VSWC register contents (1/2)
B't Bit name Function
position
Address setup wait for internal bus:
SUWL2 | SUWL1 | SUWLO Number of address setup wait states
0 0 0 0
0 0 1 1 CPU system clock (VBCLK)
0 1 0 2 CPU system clock (VBCLK)
6to4 | SUWLE:0] 0 1 1 3 CPU system clock (VBCLK)
1 0 0 4 CPU system clock (VBCLK)
1 0 1 5 CPU system clock (VBCLK)
1 1 0 6 CPU system clock (VBCLK)
1 1 1 7 CPU system clock (VBCLK)
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Table 9-6 VSWC register contents (2/2)
posBiittion Bit name Function
Data wait for internal bus:

VSWL2 | VSWL1 | VSWLO Number of data wait states

0 0 0 0
0 0 1 1 CPU system clock (VBCLK)
0 1 0 2 CPU system clock (VBCLK)
2100 | VSWL2:0] 0 1 1 3 CPU system clock (VBCLK)
1 0 0 4 CPU system clock (VBCLK)
1 0 1 5 CPU system clock (VBCLK)
1 1 0 6 CPU system clock (VBCLK)
1 1 1 7 CPU system clock (VBCLK)

The following setups are recommended for VSWC:

Table 9-7 Recommended timing for internal bus

Note

System clock (fcpy) <16 MHz <25 MHz
SUWL 0 0
VSWL 0 1
VSWC 004 01y

1. The bits marked with 0 must always be 0.

2. This register must be initialized after RESET.

RO1UH0469ED0201 Rev. 2.01

User Manual

RENESAS

293



Chapter 10 16-Bit Timer/Event Counter AA

10.1

The V850ES/Fx3-L microcontrollers have following instances of the 16-bit
timer/event counter AA:

TAA V850ES/FE3-L V850ES/FF3-L V850ES/FG3-L
Instances 5
Names TAAO to TAA4

Throughout this chapter, the individual instances of Timer AA are identified by
“n”, for example, TAANCTLO for the TAANn control register 0.

The timer is upward compatible to Timer P used in various other devices of the
V850E and the V850ES family. It offers new additional features for enhanced
output control

Features

Timer AA (TAA) is a 16-bit timer/event counter provided with general-purpose
functions.

TAA can perform the following operations.
* 16-bit-accuracy PWM output timer

* Interval timer

¢ External event counter function

¢ Timer synchronised operation function with Timers AA and Timers AB
channels (refer to “Timer AA Synchronous Operation” on page 365)

* One-shot pulse output

¢ Pulse interval and frequency measurement counter
* Free running function

* External trigger pulse output function

* 32-bit capture timer function by cascading 2 channels of TAA
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10.2 Function Outline
e Capture trigger input signal x 2
¢ External trigger input signal x 1
e Clock select x 8
¢ External event count input x 1
* Readable counter x 1
e Capture/compare reload register x 2
¢ Capture/compare match interrupt x 2
¢ Timer output (TOAANO, TOAAN1) x 2
¢ 32-bit capture by cascading two timer AA
(TAAO+TAA1, TAA2+TAA3).
10.3 Configuration
TAA includes the following hardware.
Table 10-1 Timer TAA registers and external connections
Item Configuration
Timer register 16-bit counter
Registers e TAAn timer capture/compare registers 0, 1
(TAANCCRO, TAANCCR1)
e TAAn timer read buffer register (TAANCNT)
e CCRO buffer register, CCR1 buffer register
Input selection Selector control registers
registers (SELCNTO, SELCNT1, SELCNT3, SELCNT5)
Timer output TOAANO, TOAAN1
Timer input TIAANO, TIAAN1
Control registers e TAAn control registers 0, 1 (TAANCTLO, TAANCTL1)
e TAAn I/O control registers 0 to 2 and 4
(TAANIOCO to TAANIOC2, TAANIOC4)
e TAAn option registers 0, 1 (TAANOPTO, TAANOPT1)
Timer AA (TAA) pins are alternate function of port pins. For how to set the
alternate function, refer to the description of the registers in “Pin Functions” on
page 29.
The block diagram of the timer TAA is shown below. Figure 10-2to Figure 10-3
show the block diagrams of the input circuits of the different timers TAAN.
Note For TAAn instances n = 2 and 4 no input circuit is shown. In that case the timer
inputs (TIAANO, TIAANn1) are connected directly to the corresponding edge
detector of the timer TAAnN.
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% Internal bus %
7~
TAANnCTLO iﬁ TAANIOC2 ii TAANOPT1
[ TAAnCE |  TAANCKS2:0 [_7AAnESS1-0 [ TAARETS1-0 |
¥ | 1 T T T
TAAnCE TAAnCSE
fxp1 or fxp2
fxp1/2 or fxp2/2 — TAANCCRO
fxp1/4 or fxe2/4 N ,j
fxe1/8 £ - [
hei16 ol e 5
fxp1/32 «n TAANCNTO register Load 8= INTTAANCCO
fxe1/64 3T &
fxp1/128 or fxp1/256 or fxr {} i I |
. Clear TAAnCE
dgtg%?or | Counter control 16-bit counter INTTAANOV
s N
i i S
PN Trigger CCR1 buffer |  m—4 3> INTTAANCCT
51 Edge control register K
=2 detector T B
- [
SR )
S8 I3
28 [Ul.| Edge [ | TAANCCR1
£ g detector
[0}
Z
*— Capture/compare
selection function
Edge
detector
OUtpUt _’©TOAAI']0
L controller——w-© TOAAN1
| T —1 | |
L_TAANIS3-0 _ |[TAANSYE|TAANEST] TAAnEEE|  TAAnMD2-0 ]| |[_TAAnCCS1-0 _[TAANOVF [ |1 |
TAANIOCH iﬁ TAANCTL1 iﬁ 1 [aanopTo iﬁ TAAnIOCOiE TAANIOC4 iﬁ
\ Internal bus \
Figure 10-1 Block diagram of Timer AA
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TIAAOO © Edge TIAA1T0 O———] Edge
froJSC(RlI\JI-(I)— L] detector RXDDO —>Ll detector
TIAAOT © Edge TIAA11 O———— Edge
}_» detector RXDD1 —>} detector
INTTMOEQO J
| secnto | | secnto |
S Internal bus S S Internal bus S
Figure 10-2 Input circuit of TAAO (left) and TAA1 (right)
TIAA30 @—»j Edge
RXDD2 — M — »] detector
i
Edge
TIAA3T © detector
[ secnto |
S Internal bus S
Figure 10-3 Input circuit of TAA3
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1)

Access
Address

Initial Value

TAAnCCRO

Caution

Use as compare
register

Use as capture

TAANCCRO - TAA capture/compare register 0

The TAAnCCRO register is a 16-bit register that operates either as capture
register or as a compare register.

In free-running mode, this register can be used as a capture register or as a
compare register specified by bit TAANOPTO0.TAANCCSO0.

In the pulse width measurement mode, this register can be used only as a
capture register (the compare function cannot be used.)

In all modes other than free-running mode and pulse width measurement
mode, this register is used as a compare register.

After a RESET, TAAnNCCRO register default status is compare register.
This register can be read/written in 16-bit units.
TAAOCCRO: FFFFF5964 TAA1CCRO: FFFFF5A64

TAA2CCRO: FFFFF5B6Y TAA3CCRO: FFFFF5C6y
TAA4CCRO: FFFFF5D6

0000y. This registers is cleared by any reset, or if the internal operation clock
is disabled by TAANCTLO.TAAnCE = 0.

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Capture/compare value 0
R/W

When external event counter mode is used, do not set TAANCCRO register to
0000y

When used as a compare register, TAANCCRO can be rewritten when
TAANCTLO.TAANCE = 1 as shown below:

TAANCCRO register writing

TAA operation mode method

PWM mode, external trigger pulse output mode | Reload

Free-running mode, external event count mode, | Any time write
one-shot pulse mode, interval timer mode

Pulse width measurement mode Not applicable

(used as capture register)

When used as capture register, the count value is stored in TAANCCRO upon

register capture trigger (TIAANnO) input edge detection.
Note 1. The value of TAANCCRO register can be read/written when
TAANCTLO.TAANCE = 1.
2. Access to the TAANCCRO register is prohibited when the main clock is
stopped in the subclock mode.
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()

Access
Address

Initial Value

TAAnCCR1

Caution

Use as compare
register

Use as capture

TAANCCR1 - TAA capture/compare register 1

The TAAnCCR1 register is a 16-bit register that operates either both as a
capture register or as a compare register.

In free-running mode, this register can be used as a capture register or as a
compare register specified by bit TAANOPTO0.TAANCCS1.

In the pulse width measurement mode, this register can be used only as a
capture register (the compare function cannot be used.)

In all modes other than free-running mode and pulse width measurement
mode, this register is used as a compare register.

After RESET, TAANCCRT1 register default status is compare register.
This register can be read/written in 16-bit units.

TAAOCCR1: FFFFF598y TAA1CCR1: FFFFF5A8y
TAA2CCR1: FFFFF5B8y TAA3CCR1: FFFFF5C8y
TAA4CCR1: FFFFF5D8y

0000y. This register is cleared by any reset, or if the internal operation clock is
disabled by TAANCTLO.TAANCE = 0.

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

Capture/compare value 1

R/W

When external event counter mode is used, do not set TAANCCR1 register to
0000y

When used as a compare register TAANCCR1 can be rewritten when
TAANCTLO.TAANCE = 1, as below mentioned.

TAANCCRT1 register writing

TAA operation mode method

PWM mode, external trigger pulse output mode Reload

Free-running mode, external event count mode, | Any time write
one-shot pulse mode, interval timer mode

Pulse width measurement mode Not applicable

(used as capture register)

When used as a capture register the count value is stored in TAAnNCCR1 upon

register capture trigger (TIAANn1) input edge detection.
Note 1. The value of TAANCCR1 register can be read/written when
TTAANCTLO.TAANCE = 1.
2. Access to the TAANCCR1 register is prohibited when the main clock is
stopped in the subclock mode.
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)

Access
Address

Initial Value

TAANCNT

Note

TAANCNT - TAA counter read buffer register
TAANCNT register is a read buffer register that can read 16-bit counter values.
This register can be read only in 16-bit units.

TAAOCNT: FFFFF59A4 TAA1CNT: FFFFF5AAY
TAA2CNT: FFFFF5BAR TAA3CNT: FFFFF5CAy
TAA4CNT: FFFFF5DAY

0000y. This register is cleared by any reset.

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

Counter value

R

0000y is read from this register, when TAANCTLO.TAANCE = 0. The current
counter value is read when TAANCE bit = 1.
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10.4 Input Selection Registers
These registers are used to select the inputs to timers.
Note 1. In this section, only the bits that refer to Timer AA input selections are
described. For further information concerning the other bits please refer to
“Clock Generator” on page 148.
2. Enable the related peripheral function only after setting/changing the
SELCNTNRN registers.
(1) SELCNTO - Selector control register 0
Access This register can be read/written in 8-bit or 1-bit units.
Address FFFF F308.
Initial Value 00y. This register is initialized by any reset.
* V850ES/FE3-L
e VB850ES/FF3-L
7 6 5 4 3 2 1 0
SELCNTO ISELO7 0 0 ISELO4 | ISELO3 | ISELO2 0 ISELOO
R/W R R R/W R/W R/W R R/W
* V850ES/FG3-L
7 6 5 4 3 2 1 0
SELCNTO | ISEL07 | © ISELO5 | ISELO4 | ISELO3 | ISELO2 0 | ISEL0O
R/W R 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 10-2 SELCNTO register contents
B't Bit name Function
position
7 ISELO7 Refer to Clock Generator: “SELCNTO - Selector control register 0” on page 174
5 ISELO5 Selection of TIAA3O:
0: TIAAS3O pin
1: RXDD2 pin
4 ISELO4 Selection of TIAA11:
0: TIAA11 pin
1: RXDD1 pin
3 ISELO3 Selection of TIAA10:
0: TIAA10 pin
1: RXDDO pin
2 ISELO2 Selection of TIAAO1:
0: TIAAO1 pin
1: INTTMOEQO signal from TMM
Note: If the INTTMOEQO interrupt signal is used for the TIAAO1 input signal, use it in
the following range.
TMM operation clock period > TAA operation clock period x 4
0 ISELOO Selection of TIAAQO:
0: TIAAQO pin
1: TSO UT signal from CANO
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(2) SELCNTS3 - Selector control register 3
Access This register can be read/written in 8-bit or 1-bit units.
Address FFFF F30E.
Initial Value 00y. This register is initialized by any reset.
e V850ES/FG3-L
3 2 1 0
SELCNT3 0 0 0 ISEL32 0 0
R/W R/W R
Note “R” bits marked with “0” must not be changed from their default value “0”.
Table 10-3 SELCNTS3 register contents
B't Bit name Function
position
2 ISEL32 Refer to Clock Generator: “SELCNT3 - Selector control register 3” on page 176
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10.5 Control Registers
(1) TAANCTLO - TAA control register 0
TAAnN control register 0 is an 8-bit register that controls the operation of
timer AA.
Access This register can be read/written in 8-bit or 1-bit units.
Address TAAOCTLO: FFFFF5904 TAA1CTLO: FFFFF5A04
TAA2CTLO: FFFFF5BOy TAA3CTLO: FFFFF5CO0y
TAA4CTLO: FFFFF5D0y4
Initial Value 00y. This register is cleared by any reset.
7 6 5 4 3 2 1 0
TAANCTLO [TAAnCE| 0 | 0 | 0 | 0 |TAANCKS2|TAANCKS! | TAARCKSO |
R/W R/W R/W R/W R/W R/W R/W R/W
Caution The TAANnCTLO register is prohibited from writing during operation
(TAANCE=1). However, the TAANCE bit can be rewritten.
Table 10-4 TAANCTLO register contents (1/2)
B't Bit name Function
position
7 TAANnCE | Controls the timer TAAn operation.
0: Internal operating clock operation disabled (TAAn is asynchronously reseted)
1: Internal operating clock operation enabled
Internal operating clock control and TAAn asynchronous reset are performed with the
TAANCE bit. When TAANCE bit is cleared to 0, the internal operating clock of TAAn
stops (fixed to low level) and TAAn is reset asynchronously.
When the TAANCE bit is set to 1, the internal operating clock is enabled within 2 input
clocks, and TAANn counts up.
Note: In the following modes TAANCTLO.TAANCE cannot be set to “1”:
e Slave timer in synchronous operation mode
If the timer is operated as the slave timer in synchronous operation mode,
i.e. TAANCTL1.TAANSYE = 1.
e Slave timer in 32-bit cascaded capture mode
If timer TAAn is operated in 32-bit capture mode for capturing the upper
16 bit, i.e. TAANOPT1.TAANCSE =1 (n =1, 3, 5).
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Table 10-4 TAANCTLO register contents (2/2)

B.'t. Bit name Function
position
2100 TAANCKS | Selects the count clock of timer TAAN.
[2:0]
Selection of internal count clock
N ™ o
;ili_?[ﬁ] g g g n=0,2,4,6 n=1,3,57
& & & Input PRSI = PRSI =
= = = 0 1 0 1
0 0 0 0 fxp1 fxx fxx/2 | fxx fxx/2
1 fxp2® | fxx fxx/2 | fxx fxx/2
0 0 0 ; fxp1/2 | fxx/2 fyx/4 fxx/2 fyx/4
1 fxpo/2 | fxx/2 fyx/4 fxx/2 fyx/4
0 0 ; 0 fxp1/d | fxx/4 fxx/8 fux/4 fxx/8
1 fxpo/d | fxx/4 fxx/8 fux/4 fxx/8
X 0 1 1 fXP1/8 fxx/s fxx/1 6 fxx/s fxx/1 6
X 1 0 0 fxp1/1 6 fxx/1 6 fxx/32 fxx/1 6 fxx/32
X 1 0 1 fXP1/32 fxx/32 fxx/64 fxx/32 fxx/64
X 1 1 0 |fyp1/64 |fyx/64 |fxx/128 |fyx/64 | fxx/128
fxp1/128| fyx/128 | fxx/256 | — -
X 1 1 1
fxr - - fxr fxr
a) fxpo doesn't stop in IDLE1 mode. Refer to “Selector control registers” on
page 174 for details.
Note: PRSI can be set by the option bytes (refer to “Flash Mask Options” on
page 277 for details.).
Caution 1. Set bits TAANCKS[2:0] only when TAANnCE = 0.
When TAANCE bit setting is changed from 0 to 1, TAANCKS[2.0] bits can be
set simultaneously.
2. When the main clock is stopped, the count operation with the subclock is not
available.
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()

Access
Address

Initial Value

TAANnCTLA1

Table 10-5

TAANCTL1 - TAA timer control register 1

TAAN control register 1 is an 8-bit register that controls the operation of
timer AA.

This register can be read and written in 8-bit or 1-bit units.
RESET input clears this register to 00H.

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

TAAOCTL1: FFFFF591y TAA1CTL1: FFFFF5A1Y
TAA2CTL1: FFFFF5B1y TAA3CTL1: FFFFF5C1
TAA4CTL1: FFFFF5D1y

00y. This register is cleared by any reset.
7 6 5 4 3 2 1 0

|TAAnSYE‘TAAnEST‘TAAnEEE‘ 0 \ 0 ‘TAAnMD2‘TAAnMD1|TAAnMDO|
R/W R/W RIW R R R/W R/W R/W

TAANCTL1 register contents (1/2)

Bit

position iz

Function

7 TAANSYE

Controls the tuned operation mode of timer TAAnN.
0: Independent operation mode (asynchronous operation mode
1: Synchronous operation mode (specification of slave operation)
In this mode, timer AA can operate in synchronization with a master timer.
If TAANSYE = 1, TAAnCTLO.TAANCE cannot be set to “1”.

For the synchronous operation mode, refer to “Timer AA Synchronous Operation” on
page 365.

Caution: Be sure to clear the TAANSYE to 0, if TAAN is used as the master timer.
Respectively, set the TAANSYE = 1, if TAAn is used as slave timer.

6 TAANEST

Controls the software trigger of timer TAAn.
0: No operation
1: In one-shot pulse mode: One-shot pulse software trigger
In external trigger pulse output mode: Pulse output software trigger

The TAANEST bit functions as a software trigger in the one-shot pulse mode or
external trigger pulse output mode (this bit is invalid in any other mode). By setting
TAANEST to 1 when TAANCE = 1, a software trigger is issued. Therefore, be sure to
set TAANEST to 1 after setting TAANCE = 1. The TIAANO pin is used for an external
trigger.

Note: The read value of the TAANEST bit is always O.

5 TAAnEEE

Selects the count clock input of timer TAAN.
0: Use the internal clock (clock selected by TAANCTLO. TAAnNCKS[2:0] bits)
1: Use external clock (input edge of TIAAnO)

The valid edge is specified with TAANEES1 and TAANEESO bits when
TAANEEE bit = 1 (external clock TIAANO).
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Table 10-5 TAANCTL1 register contents (2/2)

posBiittion Bit name Function
2to0 TAAnNMD | Selects the operation mode of timer TAAN.

12:0] TAAnMD2 | TAAnMD1 | TAAnMDO Timer mode selection
0 0 0 Interval timer mode
0 0 1 External event counter mode
0 1 0 External trigger pulse output mode
0 1 1 One-shot pulse mode
1 0 0 PWM mode
1 0 1 Free-running mode
1 1 0 Pulse width measurement mode
1 1 1 Setting prohibited

Caution: 1. Set bits TAAnNEEE and TAAnMDI[2:0] when TAAnCE = 0. (The same

value can be written when TAANCE = 1.) The operation is not
guaranteed when rewriting is performed when TAANCE = 1. If rewriting
was mistakenly performed, clear TAANCE to 0 and then set the bits
again.

In the external event count mode the external event count input is
selected regardless of the value of the TAAnNEEE bit.

Set the count clock to internal clock (TAANEEE = 0) when using the
external trigger pulse mode, the single shot pulse mode, and the pulse
length measurement mode.

Set the edge detection of the TIAANO capture input to no detection
(TAAnIOC2.TAANEES[1:0] = 00B) when using the external event count
mode.
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)

Access

Address

Initial Value

TAARNIOCO

Caution

Table 10-6

TAANIOCO - TAA dedicated I/O control register 0
The TAAnIOCO register is an 8-bit register that controls the timer output.
This register can be read/written in 8-bit or 1-bit units.

TAAOIOCO: FFFFF592y TAA110CO: FFFFF5A2y
TAA210CO0: FFFFF5B2y TAA3IOCO: FFFFFC2y
TAA410CO: FFFFF5D2

00y. This register is cleared by any reset.

4 3 2 1 0

| 0 \ 0 \ 0 \ 0 ‘TAAnOL1‘TAAnOE1‘TAAnOL0|TAAnOE0|

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

1. Rewrite bits TAANOLm and TAANOEm when TAANCTLO.TAANCE = 0 (the
same value can be written when TAANCE = 1.). If rewriting was mistakenly
performed, clear TAANCE to 0 and then set the bits again.

2. To enable the timer output, be sure to set the corresponding alternate-
function pins TAANIOC1.TAANIS[3:0] to “No edge detection” and invalidate
the capture operation. Then set the corresponding alternate-function port to
output mode.

TAANIOCO register contents

Bit
position

Bit name

Function

3,1

TAANOL1
TAANnOLO

Specifies the TOAAnm output level.
0: Normal output (inactive level = L, active level = H)
1: Inverted output (inactive level = H, active level = L)

This bit can be used to invert the timer output

2,0

TAANOE1
TAAnOEO

Controls the TOAAnm output.
0: Timer output is disabled (inactive level is output depending on the TAANOLm bit)
1: Timer output is enabled (TOAAnm pin outputs pulses.)

Note

m=0,1
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(4) TAAnIOC1 - TAA dedicated I/O control register 1
The TAAnIOCH1 register is an 8-bit register that controls the valid edge for the
external input signals (TIAAnO and TIAAN1).
Access This register can be read/written in 8-bit or 1-bit units.
Address TAAOIOC1: FFFFF5934 TAA1IOC1: FFFFF5A34
TAA2I0C1: FFFFF5B3y TAA3IOC1: FFFFF5C34
TAA410C1: FFFFF5D3y
Initial Value 00y. This register is cleared by any reset.
4 3 2 1 0
TAAnIOCT | o | o | o | o |TAAnIS3|TAANIS2 | TAANIST | TAANISO |
R R R R R/W R/W R/W R/W
Caution 1. Bits TAANIS[3:0] are valid only in the free-running capture mode and pulse
width measurement mode. In all the other modes, capture operation is not
performed.
2. If used as the capture input, be sure to set the corresponding bits
TAANIOCO. TAAnOE[1:0] to “Timer output is disabled” and set the capture
input valid edge. Then set the corresponding alternate-function port to input
mode.
3. In the external event count mode (TAANCTL1.TAAnEEE = 1), set the
TIAANO capture input to "No edge detection" (TAAnIS[1:0] = 00g).
Table 10-7 TAAnNIOC1 register contents
B't Bit name Function
position
3,2 TAAIS3 Specifies the capture input (TIAAn1) valid edge.
TAANIS2
TAAnNIS3 | TAANIS2 Capture input (TIAAn1) valid edge setting
0 0 No edge detection (capture operation invalid)
0 1 Rising edge detection
1 0 Falling edge detection
1 1 Both, rising and falling edge detection
Capture operation is performed and capture interrupt (INTTAANCC1) is output upon
edge detection.
1,0 TAANISA Specifies the capture input (TIAANO) valid edge.
TAANISO
TAAnNIS1 | TAARISO Capture input (TIAANO) valid edge setting
0 0 No edge detection (capture operation invalid)
0 1 Rising edge detection
1 0 Falling edge detection
1 1 Both, rising and falling edge detection

Capture operation is performed and capture interrupt (INTTAAnCCO) is output upon
edge detection.

Rewrite during
timer operation

If the edge specification for the capture operation shall be changed, while the
timer remains in operation (TAANCTLO.TAANCE = 1), only a single bit of the
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edge specification bits TAANIOC1.TAANIS[k:i] of a dedicated capture input may
be changed with a single write operation.

Consequently proceed as follows (TIAANQ is used exemplarily):

* Change from rising edge to falling edge:
— current status is TAAnNIOC1.TAANIS[1:0] = 01g: “rising edge”
— set TAAnIOC1.TAANIS[1:0] = 00g: specify “no edge”
— set TAANIOC1.TAANIS[1:0] = 10g: specify “falling edge”

* Change from falling edge to rising edge:
— current status is TAAnNIOC1.TAANIS[1:0] = 10g: “falling edge”
— set TAAnIOC1.TAANIS[1:0] = 00g: specify “no edge”
— set TAAnIOC1.TAANIS[1:0] = 01g: specify “rising edge”

* Change from rising or falling edge to both edges:
— current status is TAAnIOC1.TAANIS[1:0] = 01g or 10g: “rising” or “falling
edge”
— set TAANIOC1.TAANIS[1:0] = 115: specify “both edges”
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®)

Access
Address

Initial Value

TAANIOC2

Caution

Table 10-8

TAANIOC2 - TAA I/O control register 2

The TAAnIOC2 register is an 8-bit register that controls the valid edge for
external event count input signals (TIAANnO) and external trigger input signal
(TIAANO).

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

TAAOIOC2: FFFFF594y TAA110C2: FFFFF5A4y
TAA210C2: FFFFF5B4y TAA3IOC2: FFFFF5C4y
TAA410C2: FFFFF5D4y

00y. This register is cleared by any reset.

4 3 2 1 0

| 0 \ 0 \ 0 \ 0 ‘TAAnEES1‘TAAnEESO‘TAAnETS1|TAAnETSO|

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

Rewrite TAANEES[1:0] and TAANETS[1:0] bits when TAANCTLO.TAAnCE =0
(the same value can be written when TAANCE = 1). If rewriting was mistakenly
performed, clear TAANCE to 0 and then set the bits again.

TAANIOC2 register contents

Bit

e Bit name
position

Function

3,2 TAANEES1
TAAnNEESO

Specifies the external event counter input (TEVTAAN) valid edge.

External event counter input (TEVTAAN) valid edge

TAAnEES1 | TAAnREESO -
setting

No edge detection (external event count is invalid)

Rising edge detection

Falling edge detection

|l 2|l Ol O
- Ol —=| O

Both, rising and falling edge detection

Caution: TAAnEES1 and TAANEESO bits are valid only when TAAnEEE =1 or
when the external event count mode has been set
(TAANCTL1.TAAnNMDI[2:0] = 001p).

1,0 TAANETS1
TAANETSO

Specifies the external trigger input (TTRGAAN) valid edge.

TAANnETS1 | TAARETSO External trigger input (TTRGAAN) valid edge setting

0 No edge detection (external trigger is invalid)

Rising edge detection

- | 2l O] O

1
0 Falling edge detection
1

Both, rising and falling edge detection

Caution: TAAnETS1 and TAANETSO bits are only valid when the external trigger
pulse output mode or one-shot pulse mode is set
(TAANMDI[2:0] = 010g or 011p).
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Rewrite during
timer operation

If the edge specification for the external event count input and external trigger
input shall be changed, while the timer remains in operation
(TAANCTLO.TAANCE = 1), only a single bit of the edge specification bits
TAANnIOC2.TAANEESIk:i] / TAANIOC2.TAANETS[k:i] of a dedicated capture
input may be changed with a single write operation.

Consequently proceed as follows (TIAANQ is used exemplarily):
In external event counter mode:

* Change from rising edge to falling edge:
— current status is TAANIOC2.TAAnEES[1:0] = 015: “rising edge”
— set TAAnIOC2.TAANEES[1:0] = 00g: specify “nho edge”
— set TAAnIOC2.TAANEESI1:0] = 10g: specify “falling edge”

* Change from falling edge to rising edge:
— current status is TAANIOC2. TAAnEES[1:0] = 10g: “falling edge”
— set TAAnIOC2.TAANEES[1:0] = 00g: specify “no edge”
— set TAAnIOC2.TAANEESI1:0] = 01g: specify “rising edge”

* Change from rising or falling edge to both edges:
— current status is TAAnNIOC2. TAANEES[1:0] = 01g or 10g: “rising” or
“falling edge”
— set TAAnIOC2.TAANEES[1:0] = 11g: specify “both edges”

In external trigger mode:

* Change from rising edge to falling edge:
— current status is TAAnNIOC2. TAAnETS[1:0] = 01g: “rising edge”
— set TAAnIOC2.TAANETS[1:0] = 00g: specify “no edge”
— set TAANIOC2.TAANETS[1:0] = 10g: specify “falling edge”

e Change from falling edge to rising edge:
— current status is TAAnNIOC2.TAAnETSS[1:0] = 10g: “falling edge”
— set TAAnIOC2.TAANETS[1:0] = 00g: specify “no edge”
— set TAAnIOC2.TAANEtS[1:0] = 01g: specify “rising edge”

¢ Change from rising or falling edge to both edges:
— current status is TAANIOC2.TAAnETS[1:0] = 015 or 10g: “rising” or
“falling edge”
— set TAANIOC2.TAANETS[1:0] = 11g: specify “both edges”

Ensure the input level is not changing while the TAAnIOC2 register is modified.
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(6) TAANIOCA4 - TAA I/O control register 4

The TAAnIOCA4 register is an 8-bit register that controls the output function of
Timer AA.

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

Address TAAQIOC4: FFFFF59CH TAA1I0C4 FFFFF5ACH
TAA2I0C4: FFFFF5BCH TAA3IOC4: FFFFF5CCH
TAA410C4: FFFFF5DCH

Initial Value 00y. This register is cleared by any reset.
4 3 2 1 0
TAAnIOC4 | o | o | o | o0 |TAAnOS1|TAANOR1|TAANOSO|TAARORO|
R R R R R/W R/W R/W R/W

Caution The TAAnIOC4 register can only be used when interval mode or free-running
compare mode is selected. In all other modes the TAAnIOC4 register has to be
set to 00y.

Note 1. Writing to TAAnIOC4 is also possible, when TAANCTLO.TAANCE = 1.

2. Inthe free running mode, the setting's of the TAAnIOC4 register becomes
effective only if the compare function is selected. When the capture
function is selected, it is invalid.

Table 10-9 TAANIOC4 register contents (1/2)
B't Bit name Function
position
3,2 TAANOS1 | Controls toggling of the timer output TOAAN1.
TAANOR1
TAAnOS1 | TAAnNOR1 Toggle Control of TOAAN1

0 0 Standard operation.
0 1 Force output level to inactive at next toggle event
1 0 Force output level to active at next toggle event
1 1 Freeze current output level.

Note: 1. After forcing the output level to either active or inactive, the TOAAN1
output maintains this level (= no toggling afterwards) until the TAANOS1
and TAAnOR1 are cleared to standard operation.

2. The forcing of an output level is executed at the time of the next upcoming
toggle event, while the freeze becomes effective immediately.
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Table 10-9 TAANIOC4 register contents (2/2)
B.'t. Bit name Function
position
1,0 TAANOSO | Controls toggling of the timer output TOAANO.
TAAnORO

TAANnOSO | TAANORO Toggle Control of TOAANO
0 0 Standard operation.
0 1 Force output level to inactive at next toggle event
1 0 Force output level to active at next toggle event
1 1 Freeze current output level.
Note: 1. After forcing the output level to either active or inactive, the TOAANO

output maintains this level (= no toggling afterwards) until the TAAnNOSO0
and TAAnORO are cleared to standard operation.

The forcing of an output level is executed at the time of the next upcoming
toggle event, while the freeze becomes effective immediately.
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(7) TAANnOPTO - TAA option register 0
The TAAnOPTO register is an 8-bit register used to set the capture/compare
operation and detect overflow.
Access This register can be read/written in 8-bit or 1-bit units.
Address TAAQOOPTO: FFFFF595y TAA1OPTO: FFFFF5A5,
TAA20PTO: FFFFF5B5y TAA3OPTO: FFFFF5C54
TAA4OPTO: FFFFF5D5
Initial Value 00y. This register is cleared by any reset.
6 5 4 3 2 1 0
TAANOPTO | o | o [7AAncest[TAanccS0| o | o | 0 |TAAnOVF|
R/W R/W R/W R/W R/W R/W R/W R/W
Caution Rewrite TAANCCS1 and TAANCCSO bits when TAANCTLO.TAANCE = 0 (the
same value can be written when TAANCE = 1.). If rewriting was mistakenly
performed, clear TAANCE to 0 and then set the bits again.
Table 10-10 TAANnOPTO register contents
B't Bit name Function
position
5 TAANCCS1 | Specifies the operation mode of register TAANCCR1
0: Operation as compare register
1: Operation as capture register
Note: The setting of bit TAANCCSH1 is valid in the free-running mode only.
4 TAANCCSO | Specifies the operation mode of register TAANCCRO
0: Operation as compare register
1: Operation as capture register
Note: The setting of bit TAANCCSO is valid in the free-running mode only.
0 TAANOVF | Indicates timer TAAn overflow
0: No overflow occurrence after timer restart or flag reset
1: Overflow occurrence
* The TAANOVF bit is set when the 16-bit counter value overflows from FFFFH to
0000H in the free-running mode and the pulse width measurement mode.
¢ An interrupt request signal (INTTAANQV) is generated as soon as TAANOVF bit is
set (1).
The INTTAANQV signal is not generated in any mode other than free-running
mode and the pulse width measurement mode.
e The TAAnOVF bit is cleared by writing 0 to it, or if TAANCTLO.TAANCE is set to 0.
Caution: 1. When TAANOVF = 1, the TAANOVF flag is not cleared even if the
TAANOVF flag and TAANOPTO register are read.
2. The TAAnOVF flag can be read and written, but writing 1 to TAANOVF
does not set it and has no influence on the operation of timer AA.
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(8) TAANOPT1 - TAA option register 1

The TAANOPT1 register is an 8-bit register used to set the 32-bit capture mode
by cascading two Timer AA.

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

Address TAA1OPT1: FFFFF5ADy
TAA3OPT1: FFFFF5CDy

Initial Value 00y. This register is cleared by any reset.
7 6 5 4 3 2 1

TAANOPT1 |TAAnCSE‘ 0 \ 0 \ 0 \ 0 \ 0 \ 0 | 0 |
R/W RIW R/W RIW R/W R/W R/W R/W

Table 10-11 TAANnOPTO register contents

B.'t. Bit name Function
position
7 TAANCSE | Controls the cascade mode of timers TAAN/TAAm.
0: 16-bit non-cascaded mode
1: 32-bit cascaded capture mode.
Timer AAn becomes the upper 16-bit and slave. The master timer is TAAm
(where m =n -1).
Note: 1. When setting TAANCSE, the timer becomes the upper 16-bit of a 32-bit
timer.
2. If TAANCSE = 1, TAAnNCTLO.TAANCE is forced to “0”.
3. Cascading is only available for capture with free-running counter.
4. The following pairs of timers can be cascaded:
e TAAO and TAA1
(TAAO will become master and will hold the lower 16-bit value)
e TAA2 and TAA3
(TAA2 will become master and will hold the lower 16-bit value)
The table below shows the effects of the TAANCSE flag on the timer operation:
Table 10-12 Timer Operation in Non-cascaded/Cascaded Capture Mode
TAAnCSE =0 TAANCSE =1
Operating clock | macro clock from clock tree macro clock of TAAm
Count Enable TAANCE bit of TAANCTLO TAAMCE bit of TAAmM
Count Clock selected by TAANCKS[2:0] Counter overflow from TAAm
Capture Signal 0 TIAANO input with edge filter as | TIAAmMO with edge filter
P 9 selected by TAANIS[1:0] selected for TAAm
Capture Sianal 1 TIAANn1 input with edge filter as | TIAAm1 with edge filter
P 9 selected by TAANIS[3:2] selected for TAAm
Capture Interrupt | INTTAANCCO or INTTAANCC1 | INTTAAMCCO or INTTAAMCCA1
Note n=1, 3; m=(n-1)
For details on the 32-bit capture mode, please refer to “32-bit Capture in Free-
Running Cascade Mode” on page 353.
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10.6

Operation

Timer AA can perform the following operations when not in cascade mode:

measurement modeb

TAANREST TIAANO TAAnEEE Capture/ Compare
Operation Software External Count clock Compare p
. - . . . - Write
trigger bit | trigger input selection Selection
Interval timer mode Invalid Invalid Internal/TIAANO Compare only Any time write
pin
External event counter Invalid Invalid External only Compare only Any time write
mode?
External trigger pulse Valid Valid Internal only Compare only Reload
output modeP
One-shot pulse output Valid Valid Internal only Compare only Any time write
mode®
PWM mode Invalid Invalid Internal/TIAAnO Compare only Reload
pin
Free-running mode Invalid Invalid Internal/TIAANO Capture/compare | Any time write
pin selectable
Pulse width Invalid Invalid Internal only Capture only Not applicable

a)

detection” (TAANIOC1.TAANIS[1:0] = 00g).

b)

select a count clock by clearing the TAANCTL1.TAAnEEE bit to 0.

When the external event count function is used, set the edge detection of the TIAANO capture input to "No edge

To use the external trigger pulse output mode, one-shot pulse mode, or pulse width measurement mode,
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10.6.1 Anytime write and reload

TAANCCRO and TAANCCR1 register rewrite is possible for timer AA during
timer operation (TAANCE = 1), but the write method (any time write, reload)

differs depending on the mode.

(1) Anytime write

When data is written to the TAANCCRm register during timer operation, it is
transferred at any time to CCRm buffer register and used as the 16-bit counter
comparison value.

START

Initial settings

Timer operation enable
(TAANCE=1). Transfer of
TAANCCRO, TAANCCR1

values to CCRO and CCR1
buffer registers

o

Rewrite TAANCCRO.
Transfer to CCRO buffer register

Rewrite TAANCCR1.
Transfer to CCR1 buffer register

¢ Match between CCRO buffer
register and 16-bit counter
« 16-bit counter clear and start

—® INTTAANCCO output

Figure 10-4 Flowchart of basic operation for anytime write

Note 1. The above flowchart illustrates an example of the operation in the interval

timer mode.

2. m=0,1
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TAANCE =1

¢ D01 DO1

/ B / [ Do2

16-bit B

D11

counter D11 / D12 -

D12
TAANCCRO DO1 T D02

CCRO buffer

register 0000H D01

D02

TAAnCCR1 D11 D12

CCRH1 buffer

register 0000H D11

D12

INTTAANCCO [

INTTAANCC1 [ [ [ [l

Figure 10-5 Timing diagram for anytime write

D01, D02: Setting values of TAANCCRO register (00004 to FFFF)
D11, D12: Setting values of TAANCCR1 register (00004 to FFFFy)

The above timing chart illustrates an example of the operation in the interval
timer mode.

Caution Though the compare registers can be written at any time, the write access will
be synchronized with the internal count clock, depending on
TAANnCTLO.TAANCKS[2:0] bits and PRSI bit (of the option byte 0000 007By).
Due to this synchronization a delay has to be taken into account.

Particularly when the dedicated interrupt request flag of a capture/compare
interrupt is cleared directly after rewriting the capture/compare register, an
unexpected interrupt request may occur, since the new compare value is still
not synchronized and accepted. The occurrence of the accidental interrupt can
be avoided by a certain delay between capture/compare register write and
clearing of the interrupt request flag. An applicable delay can be achieved by a
consecutive write of the same capture/compare register.

Example 1. Write capture/compare register

2. Write same capture/compare register again
(delays program execution until the synchronization takes effect)

3. Clear dedicated interrupt request flag
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(2) Reload

When data is written to the TAANCCRO and TAANCCR1 registers during timer
operation, it is compared with the value of the 16-bit counter via the CCRm
buffer register. The values of the TAANCCRO and TAAnNCCR1 registers can be
rewritten when TAAnCE = 1.

So that the set values of the TAANCCRO and TAANCCR1 registers are
compared with the value of the 16-bit counter (the set values are reloaded to
the CCRm buffer register), the value of the TAANCCRO register must be
rewritten and then a value must be written to the TAANCCR1 register before
the value of the 16-bit counter matches the value of TAANCCRO. When the
value of the TAANCCRO register matches the value of the 16-bit counter, the
values of the TAANCCRO and TAANCCR1 registers are reloaded.

Whether the next reload timing is made valid or not is controlled by writing to
the TAANCCR1 register. Therefore, write the same value to the TAANCCR1
register when it is necessary to rewrite the value of only the TAANCCRO

register.
( START )

Initial setting

Enable timer operation (TAANCE=1)
— Transfer value of TAANCCRm
to CCRm buffer register

Rewrite TAANCCRO.

Rewrite TAANCCR1. — Reload is enabled

o TAANCCRO matches 16-bit — INTTAANCCO output
counter.

* Clear and start 16-bit counter.

« Value of TAANCCRm is reloaded
to CCRm buffer register.

Figure 10-6 Flowchart of basic operation for reload

Caution Writing to the TAANCCR1 register includes an operation to enable reload.
Therefore, rewrite the TAANCCR1 register after rewriting the TAANCCRO
register.

Note 1. Above flowchart illustrates an example of the PWM mode operation.
2. m=0,1

RO1UHO0469ED0201 Rev. 2.01 RENESAS 319
User Manual



Chapter 10 16-Bit Timer/Event Counter AA

TAANCE =1

16-bit
counter

TAANCCRO Dos X Doz X Dos
CCRO buffer ] || 2 [ | || 2 | | |
register 0000H X1 Dot X Notgoz X Dos
| | | | rfSame value write | [
TAANCCR1 Dis X D2 X Die
] I N I N
CCR1 buffer
register O000H D ' Note - ' D12
INTTAANCCO
INTTAANCCT

Figure 10-7 Timing chart for reload

Note Reload is not performed because TAANCCR1 register is not written.

D01, D02, DO3: Setting value of TAANCCRO register (00004 to FFFF)
D11, D12: Setting value of TAANCCR1 register (0000 to FFFFp)

Above flowchart illustrates PWM mode operation.
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10.6.2

Interval timer mode (TAAnNMD2 to TAANMDO = 000g)

In the interval timer mode, an interrupt request signal (INTTAAnNCCO) is
generated upon a match between the setting value of the TAANCCRAO register
and the value of the 16-bit counter, and the 16-bit counter is cleared. The
TAANCCRQO register can be rewritten when TAAnCE = 1, and when a value is
set to TAANCCRO with a write instruction from the CPU, it is transferred to the
CCRO buffer register through any time write mode, and is compared with the
16-bit counter value.

In the interval timer mode, the 16-bit counter is cleared only upon a match
between the value of the 16-bit counter and the value of the CCRO buffer
register.

16-bit counter clearing using the TAANCCR1 register is not performed.
However, the setting value of the TAANCCR1 register is transferred to the
CCRH1 buffer register and compared with the value of the 16-bit counter, and an
interrupt request (INTTAANCC1) is output if these values match. In addition,
TOAA1N pin