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Notes for CMOS Devices

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

2. Handling of unused input pins for CMOS
No connection for CMOS device inputs can be cause of malfunction. If no
connection is provided to the input pins, it is possible that an internal input
level may be generated due to noise, etc., hence causing malfunction.
CMOS devices behave differently than Bipolar or NMOS devices. Input
levels of CMOS devices must be fixed high or low by using a pull-up or pull-
down circuitry. Each unused pin should be connected to VDD or GND with
a resistor, if it is considered to have a possibility of being an output pin. All
handling related to the unused pins must be judged device by device and
related specifications governing the devices.

3. Status before initialization of MOS devices
Power-on does not necessarily define initial status of MOS device.
Production process of MOS does not define the initial operation status of
the device. Immediately after the power source is turned ON, the devices
with reset function have not yet been initialized. Hence, power-on does not
guarantee out-pin levels, 1/0 settings or contents of registers. Device is not
initialized until the reset signal is received. Reset operation must be
executed immediately after power-on for devices having reset function.

User’'s Manual U18743EE1V2UMO00 3



Legal Notes

» The information in this document is current as of June 2008. The information
is subject to change without notice. For actual design-in, refer to the latest
publications of NEC Electronics data sheets or data books, etc., for the most
up-to-date specifications of NEC Electronics products. Not all products and/
or types are available in every country. Please check with an NEC sales
representative for availability and additional information.

« No part of this document may be copied or reproduced in any form or by any
means without prior written consent of NEC Electronics. NEC Electronics
assumes no responsibility for any errors that may appear in this document.

« NEC 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 NEC Electronics products listed in this document or any
other liability arising from the use of such NEC Electronics products. No
license, express, implied or otherwise, is granted under any patents,
copyrights or other intellectual property rights of NEC Electronics or others.

« Descriptions of circuits, software and other related information in this
document are provided for illustrative purposes in semiconductor product
operation and application examples. The incorporation of these circuits,
software and information in the design of customer's equipment shall be
done under the full responsibility of customer. NEC Electronics assumes no
responsibility for any losses incurred by customers or third parties arising
from the use of these circuits, software and information.

« While NEC Electronics endeavors to enhance the quality, reliability and
safety of NEC Electronics products, customers agree and acknowledge that
the possibility of defects thereof cannot be eliminated entirely. To minimize
risks of damage to property or injury (including death) to persons arising
from defects in NEC Electronics products, customers must incorporate
sufficient safety measures in their design, such as redundancy, fire-
containment and anti-failure features.

« NEC Electronics products are classified into the following three quality
grades: “Standard”, “Special” and “Specific”.

The "Specific" quality grade applies only to NEC Electronics products
developed based on a customer-designated “quality assurance program” for
a specific application. The recommended applications of NEC Electronics
product depend on its quality grade, as indicated below. Customers must
check the quality grade of each NEC Electronics product before using it in a
particular application.

"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.

"Special™ Transportation equipment (automobiles, trains, ships,
etc.), traffic control systems, anti-disaster systems,
anti-crime systems, safety equipment and medical
equipment (not specifically designed for life support).

"Specific"; Aircraft, aerospace equipment, submersible repeaters,
nuclear reactor control systems, life support systems and
medical equipment for life support, etc.
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The quality grade of NEC Electronics products is “Standard” unless
otherwise expressly specified in NEC Electronics data sheets or data books,
etc. If customers wish to use NEC Electronics products in applications not
intended by NEC Electronics, they must contact NEC Electronics sales
representative in advance to determine NEC Electronics 's willingness to
support a given application.

Note 1. "NEC Electronics" as used in this statement means NEC Electronics
Corporation and also includes its majority-owned subsidiaries.

2. "NEC Electronics products" means any product developed or
manufactured by or for NEC Electronics (as defined above).

3. SuperFIash® is a registered trademark of Silicon Storage Technology, Inc.
in several countries including the United States and Japan. This product

uses SuperFIash® technology licensed from Silicon Storage Technology,
Inc.

Caution This document is a draft (a momentary snapshot) of a document under work.
Future versions of this document will not hold a history list of changes towards
this draft document.
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Tel: 408 5886000
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Regional Information

Some information contained in this document may vary from country to
country. Before using any NEC product in your application, please contact the
NEC office in your country to obtain a list of authorized representatives and

distributors. They will verify:

« Device availability
« Ordering information
* Product release schedule

« Availability of related technical literature

« Development environment specifications (for example, specifications for third-party
tools and components, host computers, power plugs, AC supply voltages, and so

forth)
« Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other
legal issues may also vary from country to country.

For further information please contact:

NEC Electronics Corporation

1753, Shimonumabe, Nakahara-ku,
Kawasaki, Kanagawa 211-8668, Japan
Tel: 044 4355111
http://www.necel.com/

[Europe]

Arcadiastrasse 10
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Tel: 0211 6503-0
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United Kingdom Branch
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Tel: 040 2654010
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Numeric notation:

Prefixes
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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: Left is high order column, right is low order

column

« Active low notation: xxx (pin or signal name is over-scored) or
Ixxx (slash before signal name)

« Memory map address: High order at high stage and low order at low
stage

Additional remark or tip

Item deserving extra attention

e Binary: XXXX OF XXXg

» Decimal: XXXX

* Hexadecimal: XXXXp OF 0X XXXX

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

« K (kilo): 210 = 1024

« M (mega): 220 = 10242 = 1,048,576

« G (giga): 230 = 10248 = 1,073,741,824

X, x = 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.
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Related documents

Further information

The related documents indicated in this publication may include preliminary
versions. Preliminary versions are not marked as such.

Document name Document No.
VB850ES User’'s Manual Architecture U15943EJ3VOUMO0
Self-Programming Application Note U16929EE3VOANOO
Refer to

http://www.eu.necel.com/docuweb/

to obtain the latest version of above documents.

For further information see http://www.ee.nec.de.
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1.1

1)

)

Introduction

The VB50ES/Fx3-L is a product line in NEC Electronics’ V850 family of single-
chip microcontrollers designed for automotive applications.

General

The VB50ES/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 VB50ES/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 VB50ES/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

1.2

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

Features Summary

The V850ES/Fx3-L series includes the following microcontrollers:
* VB850ES/FE3-L

HPD70F3610
HPD70F3611
HPD70F3612
HPD70F3613
UPD70F3614

* V850ES/FF3-L

HPD70F3615
HPD70F3616
HPD70F3617
HPD70F3618
HPD70F3619

* VB50ES/FG3-L

HPD70F3620
HPD70F3621
UPD70F3622

The common CPU core provides:

« 81 instructions

« 32 general registers (32 bits each)

« Comprehensive instruction set:

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

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

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

Bit manipulation instructions

Load/store instructions with long/short format

Signed load instructions
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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——» Power and Reset
INTPOto INTP7 | Interrupt
wo___,|  Controller  f+—-=
INTP8 to INTP11 [*—| 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 Nows
TXDDO to TXDD1 «——— UARTDO to UARTD1 fe— RAM
ASCKDO —+ BRG
RXDD2 Note 1 System Controller
TXDD2 UARTD2 ] Bus
BRG Control
Unit
SIBO to SIB1—— Standby Controller
SOBO to SOB1 «—— CSIB0Oto CSIB1  fu—n
SCKBO to SCKB1 ~— BRG
SDA0O ,
SCL0D re ]
]
CRXDO CAND Bridge
CTXD0 ~— Internal Bus
Control Interfaces i Note 6
| Ports
ANIO to ANI9 —— Note 2,3
ANI10 to ANI11Ne2 —] Internal Timers
ANI12 to ANI15Note 3 — 10-bit ADC
ADTRG ——={ 10/12/16 channels g-gygeLe oo
AVREF0———+ . n.n_n_n_n_rxggof_"a
AVSS le— | 16-bit Timer M 2gepoee oy
000009 * 0oLk o
S—=mIFw~o o O =
Loaaadl222@ao
o= o ]
of D
. o o
T Watch Timer
VDA Clock Generator
TIAAO1 to TIAA41 ——={  16-bit Timers Watchdog Internal oscillator
TOAAOQO to TOAA40~——{  TAAO to TAA4 Timer 2 240 KHz
TOAAO1 to TOAA41 «——
Internal oscillator
8 MHz
Sub oscillator || o
ub oscillator |
Auxiliary Functions ) ) -
Main oscillator ~ f«—Xx2
l~—DRST with PLL —PCL
. — —= CLKOUT
On-chip o1y
. —= DDO
debug unit l—DCK .
[ Clock Monitor

Figure 1-1 V850ES/FE3-L, VB50ES/FF3-L, VB50ES/FG3-L block diagram
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Table 1-2 on page 24 summarizes the different features of the V850ES/FE3-L,
V850ES/FF3-L, VB50ES/FG3-L series devices, marked as “Notes” in Figure
1-1 on page 23.

Table 1-2 V850ES/FE3-L, VB50ES/FF3-L, VB50ES/FG3-L feature set differences

Note

Feature

V850ES/FE3-L

V850ES/FF3-L

V850ES/FG3-L

INTP8,9,10,
UARTD2

ANI10 to
ANI11

ANI12 to
ANI15

Code flash

refer to “Memory” on page 151

RAM

refer to “Memory” on page 151

Ports

refer to “Pin Functions” on page 31
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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

Timers/counters

Watch Timer

Watchdog Timer 2

1.3.2

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 1/0s.

The ROM consists of an internal flash memory and consists of the code flash.
For the available sizes, refer to Table 1-1 on page 21.

For the available RAM sizes, refer to Table 1-1 on page 21.
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 UARTS 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 with 24 analog input
pins. This converter is of successive approximation type.

Five 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.

Structure of the manual

This manual explains how to use the VB50ES/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.
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Core functions

“Pin Functions” on page 31

“CPU System Functions” on page 135
“Clock Generator” on page 179
“Interrupt Controller (INTC)” on page 221
“Key Interrupt Function” on page 257

Memory access
“Flash Memory” on page 259
Timers

“16-Bit Timer/Event Counter AA” on page 305
“16-Bit Interval Timer M” on page 371

“Watch Timer Functions” on page 379
“Watchdog Timer 2” on page 385

Serial interfaces

“Asynchronous Serial Interface (UARTD)” on page 391
“Clocked Serial Interface (CSIB)” on page 427

“°C Bus (lIC)" on page 457
“CAN Controller (CAN)” on page 527

Control interfaces
“A/D Converter (ADC)” on page 663
Power and reset

“Power Supply Scheme” on page 701
“Reset” on page 705
“Low-Voltage Detector” on page 713

Auxiliary functions

“On-Chip Debug Unit” on page 723
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1.4 Ordering Information
1.4.1 V850ES/FE3-L ordering information
Part number Package O;?a(:#p g?aﬂietg Remark
memory
UPD70F3610M1GBA-GAH-AX 64-pin plastic LQFP 64 KB A without Power-On-
UPD70F3610MLOBAL GAH-AX (0.5mm, 10 x 10 mm?) AL Clear circuit
UPD70F3610M1GBA2-GAH-AX A2
UPD70F3610M2GBA-GAH-AX A with Power-On-
UPD70F3610M2GBA1-GAH-AX Al Clear circuit
UPD70F3610M2GBA2-GAH-AX A2
UPD70F3610M1GAA-GAN-AX 64-pin plastic LQFP A without Power-On-
UPD70F3610M1GAAL-GAN-AX (0.4mm, 7x 7mm?) Al Clear circuit
UPD70F3610M1GAA2-GAN-AX A2
UPD70F3610M2GAA-GAN-AX A with Power-On-
UPD70F3610M2GAAL-GAN-AX Al Clear circuit
UPD70F3610M2GAA2-GAN-AX A2
UPD70F3611M1GBA-GAH-AX 64-pin plastic LQFP 96 KB A without Power-On-
UPD70F3611MLOBAL GAH-AX (0.5mm, 10 x 10 mm?) AL Clear circuit
UPD70F3611M1GBA2-GAH-AX A2
UPD70F3611M2GBA-GAH-AX A with Power-On-
UPD70F3611M2GBA1-GAH-AX Al Clear circuit
UPD70F3611M2GBA2-GAH-AX A2
UPD70F3611M1GAA-GAN-AX 64-pin plastic LQFP A without Power-On-
UPD70F3611M1GAAL-GAN-AX (0.4mm, 7x 7mm?) Al Clear circuit
UPD70F3611M1GAA2-GAN-AX A2
UPD70F3611M2GAA-GAN-AX A with Power-On-
UPD70F3611M2GAAL-GAN-AX Al Clear circuit
UPD70F3611M2GAA2-GAN-AX A2
UPD70F3612M1GBA-GAH-AX 64-pin plastic LQFP 128 KB A without Power-On-
UPD70F3612M LGB AL GAH-AX (0.5mm, 10 x 10 mm?) AL Clear circuit
UPD70F3612M1GBA2-GAH-AX A2
UPD70F3612M2GBA-GAH-AX A with Power-On-
UPD70F3612M2GBA1-GAH-AX Al Clear circuit
UPD70F3612M2GBA2-GAH-AX A2
UPD70F3612M1GAA-GAN-AX 64-pin plastic LQFP A without Power-On-
UPD70F3612M1GAAL-GAN-AX (0.4mm, 7x 7mm?) Al Clear circuit
UPD70F3612M1GAA2-GAN-AX A2
UPD70F3612M2GAA-GAN-AX A with Power-On-
UPD70F3612M2GAAL-GAN-AX Al Clear circuit
UPD70F3612M2GAA2-GAN-AX A2
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On-chip

Part number Package flash S;‘aﬂzg Remark
memory

UPD70F3613M1GBA-GAH-AX 64-pin plastic LQFP 192KB A without Power-On-
JPD70F3613MIGBAL GAH-AX (0.5mm, 10 x 10 mm?) Al Clear circuit
UPD70F3613M1GBA2-GAH-AX A2
UPD70F3613M2GBA-GAH-AX A with Power-On-
UPD70F3613M2GBAL-GAH-AX Al Clear circuit
UPD70F3613M2GBA1-GAH-AX Al
UPD70F3614M1GBA-GAH-AX 256KB | A without Power-On-
UPD70F3614M1GBA1-GAH-AX Al Clear circuit
UPD70F3614M1GBA2-GAH-AX A2
UPD70F3614M2GBA-GAH-AX A with Power-On-
UPD70F3614M2GBA1-GAH-AX Al Clear circuit
UPD70F3614M2GBA1-GAH-AX Al

3 The operating ambient temperature of each quality grades is as follows:
A: -40 to +85 °C, Al: -40 to +110 °C, A2: -40 to +125 °C
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1.4.2 V850ES/FF3-L ordering information
Part number Package Ofr:a(;rt:lp g?aﬂietg Remark
memory
UPD70F361M1GBA-GAH-AX 80-pin plastic LQFP 64 KB A without Power-On-
UPD70F3615MIGBAL-GAH-AX (0.5mm, 12 x 12 mm?) Al Clear circuit
UPD70F3615M1GBA2-GAH-AX A2
UPD70F3615M2GBA-GAH-AX A with Power-On-
UPD70F3615MGBAL-GAH-AX Al Clear circuit
UPD70F3615M2GBA2-GAH-AX A2
UPD70F3616M1GBA-GAH-AX 9%BKB |A without Power-On-
UPD70F3616M1GBA1-GAH-AX Al Clear circuit
UPD70F3616M1GBA2-GAH-AX A2
UPD70F3616M2GBA-GAH-AX A with Power-On-
UPD70F3616M2GBA1-GAH-AX Al Clear circuit
UPD70F3616M2GBA2-GAH-AX A2
UPD70F3617M1GBA-GAH-AX 128KB | A without Power-On-
UPD70F3617M1GBA1-GAH-AX Al Clear circuit
UPD70F3617M1GBA2-GAH-AX A2
UPD70F3617M2GBA-GAH-AX A with Power-On-
UPD70F3617M2GBA1-GAH-AX Al Clear circuit
UPD70F3617M2GBA2-GAH-AX A2
UPD70F3618M1GBA-GAH-AX 192KB | A without Power-On-
UPD70F3618M1GBA1-GAH-AX Al Clear circuit
UPD70F3618M1GBA2-GAH-AX A2
UPD70F3618M2GBA-GAH-AX A with Power-On-
UPD70F3618M2GBA1-GAH-AX Al Clear circuit
UPD70F3618M2GBA1-GAH-AX Al
UPD70F3619M1GBA-GAH-AX 256KB | A without Power-On-
UPD70F3619M1GBA1-GAH-AX Al Clear circuit
UPD70F3619M1GBA2-GAH-AX A2
UPD70F3619M2GBA-GAH-AX A with Power-On-
UPD70F3619M2GBA1-GAH-AX Al Clear circuit
UPD70F3619M2GBA1-GAH-AX Al

3 The operating ambient temperature of each quality grades is as follows:
A: -40 to +85 °C, Al: -40 to +110 °C, A2: -40 to +125 °C
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1.4.3 V850ES/FG3-L ordering information

On-chib | oyality
Part number Package flash grade? Remark

memory
UPD70F3620M1GBA-GAH-AX 100-pin plastic LQFP 128 KB A without Power-On-
UPD70F3620M LGB AL GAH-AX (0.5mm, 14 x 14 mm?) AL Clear circuit
UPD70F3620M1GBA2-GAH-AX A2
UPD70F3620M2GBA-GAH-AX A with Power-On-
UPD70F3620M2GBA1-GAH-AX Al Clear circuit
UPD70F3620M2GBA2-GAH-AX A2
UPD70F3621M1GBA-GAH-AX 192KB | A without Power-On-
UPD70F3621M1GBA1-GAH-AX Al Clear circuit
UPD70F3621M1GBA2-GAH-AX A2
UPD70F3621M2GBA-GAH-AX A with Power-On-
UPD70F3621M2GBA1-GAH-AX Al Clear circuit
UPD70F3621M2GBA1-GAH-AX Al
UPD70F3622M1GBA-GAH-AX 256KB | A without Power-On-
UPD70F3622M1GBA1-GAH-AX Al Clear circuit
UPD70F3622M1GBA2-GAH-AX A2
UPD70F3622M2GBA-GAH-AX A with Power-On-
UPD70F3622M2GBA1-GAH-AX Al Clear circuit
UPD70F3622M2GBA1-GAH-AX Al

3 The operating ambient temperature of each quality grades is as follows:
A: -40 to +85 °C, Al: -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 35.

« Number of ports and port groups:

V850ES/FES3-L

V850ES/FF3-L

V850ES/FG3-L

Port groups

8

10

11

1/0 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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2.1.1 Description

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

-—{ P00

Port group 0 ‘ to

~— | P06

-~ P10

Port group 1 {

-~ P11

- | P30

\ to

-~ P35
~—— | P36

Port group 3 P37

-~ P38

- P39

-~ P42

~—— | P50

Port group 5 ‘ to

~—| P55

- P70

| to

-~ P79

-—— | P710
Port group 7

- P711

-~ P712

| to

- P715

-— | P40
Port group 4 ‘ to

FG3-L
only

FG3-L
only

FG3-L
only

FF3-L/FG3-L
only

FF3-L/FG3-L
only

FF3-L/FG3-L
only

FF3-L/FG3-L
only

FF3-L/FG3-L
only

FF3—L/FG3-L{

FaaL oW
only
FG3-L
only

P90
P91

P96
to
P99

P913
to
P915

P92
to
P95
P910
to
P912

PCMO
PCM1
PCM2
PCM3

PCSO
PCSH1

PCTO
PCT1
PCT4
PCT6

PDLO
to
PDL7

DL8
to
PDL11

PDL12
PDL13
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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

Table 2-1 Functions of each port group

Pin configuration

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” .

Port Function
group .
name Port mode Alternative mode
0 7-bit input/output External interrupt O 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
1 2-bit input/output External interrupt 9 and 10
3 10-bit input/output External interrupt 7 and 8
Timer TAAO channels
Timer TAAL channels
CANO transmit/receive data
UARTDO transmit/receive data
UARTDO baud rate clock input
4 3-bit input/output Key interrupt input O to 2
Clocked Serial Interface CSIBO data/clock line
5 6-bit input/output Key interrupt input 0 to 5
N-Wire debug interface signals
7 16-bit input/output A/D Converter 0 inputs
9 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

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 36.

« For every port, detailed information on the configuration registers is given in
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“Port Type Diagrams” on page 51.
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2.1.2

2.1.3

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.

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".

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”.

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 126 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 37
e “Pin data input/output” on page 43

« “Configuration of pull-up resistors” on page 45

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 OoCDM
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

36

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)
_ Registers
Function I/10
OCDM PMC PM PFCE PFC

Port mode (output) 0 0 X X (@)
Port mode (input) X X I
Alternative mode (alternative function 1) 0 0 0
Alternative mode (alternative function 2) 1

: : : 1 X 1103
Alternative mode (alternative function 3) 1 0
Alternative mode (alternative function 4) 1
On-chip debug mode® 1 X X X X 110

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.
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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 51
Initial Value 004 or 00004. This register is initialized by any reset.
7 6 5 4 3 2 1 0

| PMCn7 | PMCn6 | PMCn5 \ PMCn4 \ PMCn3 \ PMCn2 \ PMCnl | PMCnO |
RW RW RW RW RW RW RW RMW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘PMCnlS‘PMCn14|PMCnl3‘PMCn12‘PMCn11|PMCn10| PMCnO \ PMCn8 \ PMCn7 | PMCn6 \ PMCn5 \ PMCné | PMCn3 | PMCn2 \ PMCnl | PMCnO |
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

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 advertent interrupt may occur.

Therefore, it is recommended to follow the below procedure:

1. To select the alternative input function INTPn (l), 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 INTnIC.INTNMK (or clear INTMR.INTnMK) to enable the interrupt.
In step 3 you must wait for a certain time span because the external interrupt
pins are equipped with noise elimination filters. The filters cause a delay in
which the interrupt request flag INTnIC.INTnIF is set. This flag must be
cleared (step 4).

o W
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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 51
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 RMW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘PMnlS‘PMn14|PMn13|PMn12‘PMnll‘PMnlO‘ PMn9 | PMn8 | PMn7 \ PMn6 \ PMn5 | PMnd | PMn3 \ PMn2 \ PMn1 \ PMnO |
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 (output enabled)
15t00 PMn[15:0] | 1: Input mode (output disabled)
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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 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 51
Initial Value 00y. This register is initialized by any reset.
7 6 5 4 3 2 1 0

| PFCn7 | PFCn6 | PFCN5 \ PFCn4 \ PFCn3 \ PFCn2 \ PFCnl | PFCNO |
RW RW RW RW RW RW RW RMW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘PFCnlS‘PFCnl4|PFCn13 \ PFCan‘PFCn11|PFCn10| PFCNY \ PFCn8 \ PFCNT | PFCn6 \ PFCn5 \ PFCN4 | PFCN3 | PFCN2 \ PFCh1 | PFCNO |
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

Table 2-6 PFCn register contents

Bit position | Bit name Function

See “Pin function configuration (overview)” on page 37

7t00 PFCn[7:0] for details

See “Pin function configuration (overview)” on page 37

15t0 0 PFCN15:0] | £} details
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(4)

Access

Address

Initial Value

15 14 13 12

PFCEnN - 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.

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 51

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

7 6 5 4 3 2 1 0
|PFCEn7|PFCEn6|PFCEn5‘PFCEn4‘PFCEn3‘PFCEnZ‘PFCEn1|PFCEn0|
RW RW RW RW RW RW RW RMW

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

‘PFCEnlﬂPFCEnlﬂPFCEnlﬂPFCEnlﬂPFCEnquFCEnlO|PFCEn9‘PFCEnS‘PFCEn7|PFCEn6‘PFCEn5‘PFCEn4|PFCEn3|PFCEn2‘PFCEn1|PFCEnO|
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

Table 2-7 PFCEnN register contents

Bit position | Bit name Function
7100 PECEN[7:0] See Pln function configuration (overview)” on page 37
for details
15100 PECEN[15:0] See Pln function configuration (overview)” on page 37
for details
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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 723.

Writing to this register is protected by a special sequence of instructions.
Please refer to “CPU System Functions” on page 135 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/OJ.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.

5 4 3 2 1 0
| 0 | 0 | 0 | 0 | 0 | 0 | 0 |OCDMO|
R R R R R R R RIW

OCDM register contents

Bit position | Bit name Function

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

0 OCDMO

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

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

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

This ensures that the microcontroller is operating correctly, even if the pins are
in N-Wire mode, but no debugger is connected.
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2.2.3

@)

Access

Address

Initial Value

Note

15 14 13 12

Pin data input/output

If a pin is in port mode, the registers for pin data input/output specify the input
and output data.

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.

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 51
Undefined.

After reset, the ports are in input mode (PMn.PMnm = 1). The read input value
is determined by the port pins.

7 6 5 4 3 2 1 0
| Pn7 | Pn6 | Pn5 | Pn4 | Pn3 | Pn2 | Pni | 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|Pn10| Pn9 | Pn8 | Pn7 | Pn6 | Pn5 | Pn4 | Pn3 | Pn2 | Pn1l | PNO |
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

Table 2-9 Pn register contents

Bit position | Bit name Function
7t00 Pn[7:0] Data, see Table 2-10 on page 43 and Table 2-11 on
or or page 44 for details.
15t0 0 Pn[15:0]

Note The value written to register Pn is retained until a new value is written to
register Pn.

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:

Port mode

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

Function | PM ‘ I/0
Write to Pn...

...and output contents of Pn to pins 0 @)
...without affecting the pin status 1 |
Read from Pn...

...and thus read the pin status 1 |
...and disregard the pin status 0 (@)
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Alternative mode

Table 2-11

Caution

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:

Writing/reading register Pn in alternative mode (PMCn.PMCnm = 1)

Function PM 110

Write to Pn

without affecting the pin status X B

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

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.

e The port pins of ports P11 to P17 all have the level “1".

e Bit P1.P10is set to 1 by a 1-bit operation.

Afterwards, register P1 holds the value FF instead of the expected value

014, since bits P11 to P17 have be overwritten with the corresponding pin

levels “1".
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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 51

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

7 6 5 4 3 2 1 0
| PUN7 | PUNG | PUN5 | PUN4 | PUN3 | PUN2 | PUNL | PUNO |
RW RW RW RW RW RW RW RW

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

|PUn15|PUn14|PUn13|PUn12|PUn11|PUn10| PUNY | PUNS | PUN7 | PUNG | PUN5 | PUN4 | PUN3 | PUN2 | PUN1 | PUNO |

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

Table 2-12

Caution

PUn register contents

Bit position | Bit name Function
7100 PUN[7:0] Specifies whether a.pl.JII-up resistor is connected to
or or the corresponding pin:
15100 PUN[15:0] 0 no pull-up _re5|stor 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 0 (output mode). If PMnm bit = 1 (input
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 51
Initial Value 00Fy or 0000y. This register is initialized by any reset.
7 6 5 4 3 2 1 0

| PEn7 | PFn6 | PFn5 | PFn4 | PFn3 | PFN2 | PFN1 | 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
‘PFnlS‘PFn14|PFn13|PFn12‘PFnll‘PFnlO‘ PFnY | PFn8 | PFn7 \ PFn6 \ PFn5 | PFn4 | PFn3 \ PFn2 \ PFnl \ 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
15t0o 0 PFn[15:0] 1: Open-drain output
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2.3 Port Buffers Diagrams

This chapter presents the block diagrams of all buffer types.

The tables in “Port group configuration lists” on page 100 informs also about
the buffer type, used for each port.

(1) Buffer type 2

Figure 2-2 Block diagram: buffer type 2

(2) Buffer type 5

VDD

data 4D)—{ P-ch
output . @O—| ~+—N-ch
disable
input enable:

Figure 2-3 Block diagram: buffer type 5

»—O IN/JOUT
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(3) Buffer type 5-AF

Voo

pullup

Vi
data —1 » P-ch

output i _:) M -ch

disable

input enable

pulldown
enable

Figure 2-4 Block diagram: buffer type 5-AF
(4) Buffer type 5-K

VoD

data ———

P-ch

y—0O INJOUT
output N-ch
disable

(I
input

enable

Figure 2-5 Block diagram: buffer type 5-K
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(5) Buffertype 5-W

Vop

data P-ch

4":D3—{
y——C INJOUT
output ~—~N-ch
disable

(L

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

(6) Buffertype 11-G

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

feedback cut-off

|

P-ch

Figure 2-8 Block diagram: buffer type 16
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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 108 onwards informs also about the port type, used for each port.

2.4.1 PorttypeC

WRewm
NN
N\, PMmn (a) Output buffer control
WRporT
(2]
>
2
© Pmn Pmn
c
o
£
S =
«— (N 5 S
< Q@ °
0
’\/ g %
s =
»
»
Address N (b) Input buffer control
»
RD

Figure 2-9 Port type C block diagram

Note For VB50ES/FE3-L, VB50ES/FF3-L, VB50ES/FG3-L products the input buffer
has Schmitt trigger (40/80%) characteristic
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2.4.2 Porttype C-U

EVDD

WRey

MO am ]
PU
mn (c) Pull-up control —| Pch

WRem
= A
% -, @——» (a) Output buffer control
c
§ WRporT
=
Pmn

Pmn

D

2

Address
(b) Input buffer control

RD

Figure 2-10 Port type C-U block diagram
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2.4.3 Porttype DO

an (a) Output buffer control
S —
" (
8 o ¢
- A
©
g 1st alternate function
€| WReorr )
= (d) Output data Selection
Pmn
5 [—@
D 3l N
< <
= S
[} 2
N D | 3
&l
0 |la
<
Address »
(b) Input buffer control
RD

Figure 2-11 Port type DO block diagram
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2.4.4 Porttype DO-U
EVDD
WRpy
MO
(c) Pull-up control 4' Pch
WRpMc ’_’
]

WRpM

) _é_m (a) Output buffer control —@

s %

v

1st alternate function

WRporT "
(d) Output data Selection Pmn
w1
5 |
0 SO
<
aV, o) 2
N | g i;
[}
Address 1<
» (b) Input buffer control
RD

Figure 2-12 Port type DO-U block diagram
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2.45 Porttype D1

WRpmc
"M
(a) Output buffer control
o
>
2 WRporT
e
27 Pmn (O} Pmn
S
—D g
NJ z

Address
.—E (b) Input buffer control

() Alternate function input

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

Figure 2-13 Port type D1 block diagram
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246 Porttype D1-U

EVDD
WRpy
4
— |
(c) Pull-up control 4' Pch
WRemc r
WRpm
12}
2 (a) Output buffer control
o e
c
E WRpoRT
£
a
N >l Pmn Pmn
5 e
) ’;1_’ "~
— [=}
/'\/ $ ) g
o]
2
Address <
.—f (b) Input buffer control
RD B (e) Alternate function input
1st alternate fUNCtiON «— control

Figure 2-14 Port type D1-U block diagram
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2.4.7 Porttype D1-Ul

WRpy

WRInTR

WRInTE

WRpmc

Y
—>—___Pumn__ | >

EVDD

(c) Pull-up control

4' Pch

INTFmn

P o S OL

w
Lo ]
§ 1 PMCmn
E) WRpwm _
= | (a) Output buffer control  |———@
1 PMmn 4
WRporT
Pmn
’; <
- S Ie Q.
) \i‘ 5
_ ©
<
©
%5
Address
[ > (b) Input buffer control
RD ¥ £ A

1st alternate function <=

Edge Noise

detector remov al

(e) Alternate function input
control

Figure 2-15 Port type D1-Ul block diagram
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2.4.8 Porttype D3-Ul
EVDD
WRpy
A, _
N PUmn
(c) Pull-up control 4' Pch
WRnTR r
1 INTRmn
WRInTE
1 INTFmn
WRewmc
[z}
2
§ 1 PMCmn
§ WRe s
= (‘I‘\ _ | (a) Output buffer control —@
N4 >l PMmn L 4
WRporT
Pmn '\> - @ Pmn
5 9
S
— 5 0.
2V \J/ g 5
P °
ko]
[}
T 17
Address
T [ 4 1< (b) Input buffer control
RD E l R
(e) Alternate function input
. Edge Noise
1st alternate function <= k=C> control
(INTPx) detector remov al
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1st alternate function
(RXDDy)

Figure 2-16 Port type D3-Ul block diagram
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2.49 Porttype D1A

(a) Output buffer control

PMmn

Pmn 1L~ ._© Pmn

Internal bus

D

l
A
—Pl—SeIector
A A
I_Telector
A

Address N

(b) Input buffer control

€L

RD
Pch
1st alternate function
Nch
T

Figure 2-17 Port type D1A block diagram
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2.4.10 Porttype D101-Ul

WRpy
(N
-/

WRinTR

1 INTRmn

WRinTF
INTFmn
WRocom
g 1 OCDMo
° WRpmc
[
E |—|
g T PMCmn
WRem

[ .
>

EVDD

(c) Pull-up control

—

Pch

(a) Output buffer control

(b) Input buffer control

WRport
Pmn

>
5[

[aR S

h E’
Address
RD II
X Edge Noise
1st alternate fUNCtiON m—
detector

(e) Alternate function input
control

(f) On-chip debug

_DRST signal = "
input control

(On-chip debug mode)

remov al

POCRES s

(g) Pull-down control

Nch

_.—|

Figure 2-18 Port type D101-Ul block diagram
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2.4.11 Porttype D2

Output enable signal 1

WRe in alternative mode
B (a) Output buffer control
l.
g 2
L.
c 1st alternate function >
2 WR
£ PORT (d) Output data Selection Pmn
Pmn
5 @
N S e N
2 S
/'\/ $ . g
3
Address >
@ (b) Input buffer control
Input enable signal 1 £ -
RD in alternative Mode  =—— (e) Alternate function input
|
1st alternate fuNCtion «g— contra

Figure 2-19 Port type D2 block diagram
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2.4.12 Porttype EO1-U

EVDD

WRpu
M v
N, PUmn
(c) Pull-up control 4' Pch

Wi V

PFCmn
WRpmc
WRpm ® R
@——» (a) Output buffer control [——@
O o e

Internal bus

[ 2
v
1st alternate function

WR
PRt (d) Output data Selection —D—.—.—@ Pmn

A
D
Selector

Address

@ (b) Input buffer control

RD B (e) Alternate function input

control

2nd alternate function «¢

Figure 2-20 Port type E01-U block diagram
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Internal bus

2.4.13 Porttype E10-U

WRpu

WRprc

s erom ] C

WRpwmc

WRpm

‘ »
>
O

EVDD

(c) Pull-up control

4' Pch

PMCmn

(a) Output buffer control

(d) Output data Selection

—{>9{O rm

[ 2
[ 2
v
2nd alternate function D
WRporr
Pmn
S
’T ./
N § o 5
3 ® 5
25
N |lg
Address
@
[ 4
RD >

(b) Input buffer control

1st alternate function «¢

(e) Alternate function input
control

Figure 2-21 Port type E10-U block diagram
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2.4.14 Port type E10-Ul
EVDD
WRpy
M\
S
(c) Pull-up control 4' Pch
WRinTR r
INTRmn
WRInTF
1 INTFmn
WRprc
WRemc
1]
>
21 PMCmn
©
c WRpm
2
£ /-I-\ T *.—E (a) Output buffer control ~———@p
N gl PMmn l ’
[ 2
IR
2nd alternate function
WRpoRrt "
(d) Output data Selection —D—.—.—@ Pmn
Pmn
N
& [4R E
h \_1%7
Address
" (b) Input buffer control
RD E {
(e) Alternate function input
. Edge Noise
1st alternate function = control
detector remov al
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Figure 2-22 Port type E10-Ul block diagram
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2.4.15 Porttype E11-U

WRey

(c) Pull-up control

EVDD

t———> pen

(a) Output buffer control

1st alternate function
2nd alternate function

9O rm

(b) Input buffer control

M\
&,
WRerc
PFCmn
WRemc
@ PMCmn
2 WRem
©
c @o——>
2 o ————
= PMmn
WReorT
Pmn
5 [«
) ’;HA =
< o[ 5
[}
&
Address
RD

A

A

(e) Alternate function input

control

Figure 2-23 Port type E11-U block diagram

User’s Manual U18743EE1V2UMO0

65



Chapter 2

Pin Functions

66

2.4.16 Porttype E11-Ul

EVDD

> ¢ rm

WRpu
™~ O >
-/ (c) Pull-up control 4' Pch
WRiNTR r
INTRmn
WRinTF
INTFmn
WRprc
P PFCmn
2 WRpmc
]
£
9]
£ PMCmn
WRem ®
@ _————» (a)Output buffercontrol ————@
PMmn o ———
WRporT
Pmn
—@
) L/

—lector
YYVYYY
@
@
Selector
A

Address

“ (b) Input buffer control

RD V£

Edge Noise
1st alternate function «— g [ <
detector removal control

y

A 4

(e) Alternate function input

<

2nd alternate function <

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

EVDD

t—— Pen

—T>98(Orm

vy

A

1st alternate function

A

2nd alternate function

WRey
MO
—/ (c) Pull-up control
Output enable signal 1 _|
WRerc in alternative mode
PFCmn
WRemc
PMCmn
wl  WRew C‘
3 ‘ (a) Output buffer control
© PMmn @
g
= (
o
vy
1st alternate function >
WR,
P oRT (d) Output data Selection
Pmn
’gi
O S 1% .
™\ 3 e @ g
k>
N |g
Address ®
‘ (b) Input buffer control
RD

(e) Alternate function input
control

Figure 2-25 Port type E21-U block diagram
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2.4.18 Porttype ExO-U
EVDD
WRey
MO
-/ (c) Pull-up control 4' Pch
WRerc
PFCmn
WRemc
PMCmn

WRewm
4 ] (a) Output buffer control _‘
2 PMmn @ ————>
©
c
2
£

v
2nd alternate function
WRPORT :
(d) Output data Selection —| >—.—.—(: :) Pmn
Pmn
0 EHA -
/\/ g i Ez
kl T
Address
(b) Input buffer control
RD
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Figure 2-26 Port type Ex0-U block diagram
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Internal bus

WRprc r

o>
O

2.4.19 Porttype Ex1-U

WRpy

EVDD

O—__Pumn__ |

(c) Pull-up control 4' Pch

PFCmn
WRpnc

WRpm ® >

(a) Output buffer control —e

WRPporT

A
D
Selector

96— rmn

Address
@

(b) Input buffer control

RD B (e) Alternate function input

2nd alternate function <

control

Figure 2-27 Port type Ex1-U block diagram
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2.4.20 Porttype Ex1-Ul
EVDD
WRpy
N o]
WTR e (c) Pull-up control 4| Pch

70

2

2nd alternate function =

1 INTFmn

Internal bus

INTRmn
WRInTF

WRprc

PFCmn
WRpnmc

WRpnm

WRpoRrT

(a) Output buffer control

'|>—Q—.—© Pmn

Pmn

Address

(b) Input buffer control

RD ,I

Edge Noise

detector remov al

(e) Alternate function input
control

Figure 2-28 Port type Ex1-Ul block diagram
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2.4.21 Porttype Ex2-U

EVDD

(c) Pull-up control

4' Pch

AAAA

(a) Output buffer control

{

WRpy
A
v PUmn
Output enable signal 2_|
WRpec in alternative mode
WRewmc
>
\./ —I PMCmn
» WRem
=}
el
£
[
£
2nd alternate function
WRpoRrT
v —I Pmn
’;
< N S
h \_(7;7

Address

(d) Output data Selection

—>—¢e{(Crmn

Selector
A

RD

(b) Input buffer control

y

2nd alternate function

(e) Alternate function input
control

Figure 2-29 Port type Ex2-U block diagram
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2.4.22 Porttype FO10x-U
EVDD
WRpy
A I NN R
v PUmn
(c) Pull-up control 4' Pch
WReprce r
PFCEmn
WReprc
PFCmn
WRemc
@ WRpw
Qa /_I_\ ’. (a) Output buffer control ~ f——@
© [
e N4 PMmn L 4
2 — s
[=
= ¢
2
lw A
1st alternate function >
3rd alternate function >
WRporT (d) Output data Selection —| >—.—.—| :} Pmn
Pmn
s el
< 3 e
f\/ WV % : ’ 5
o ¢ ® |5
Q<
©
T 2
Address >
o >
[ 4 > (b) Input buffer control
| i :
RD : (e) Alternate function input
> control
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2nd alternate function

Figure 2-30 Port type FO10x-U block diagram
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2.4.23 Port type FO10x-Ul

EVDD

Pch

—

(d) Output data Selection

— >0 pmn

(b) Input buffer control

2nd alternate function

WRpy
N A R
v PUmn
(c) Pull-up control
WReprce r
PFCEmn
WReprc
PFCmn
WRemc
@ WRpw
< /_I_\ ’. (a) Output buffer control
© a
c s > PMmn ‘ L 4
[
€
= ¢
2
lw A
1st alternate function >
3rd alternate function >
WRpoRT
Pmn
s el
& = e
NN 3[4 ® |5
o ¢ @ S
25
T -
Address >
[ —
@ <
| i :
RD <

(e) Alternate function input

control

Figure 2-31 Port type FO10x-Ul block diagram
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2.4.24 Porttype F100x-U
EVDD
WRpy
A I NN R
v PUmn
(c) Pull-up control 4' Pch
WReprce r
PFCEmn
WReprc
PFCmn
WRemc
@ WRpw
Qa /_I_\ ’. (a) Output buffer control ~ f——@
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= ¢
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2nd alternate function >
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©
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Address >
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[ 4 > (b) Input buffer control
| i :
RD : (e) Alternate function input
> control
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1st alternate function

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

(c) Pull-up control

EVDD

E— |

(a) Output buffer control

12

(d) Output data Selection

Selector
A

WRpy
av
>,
WRprce
PFCEmn
WRprc
PFCmn
WRemc
PMCmn
g WRpm ‘
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g PMmn
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=
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WRporT
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« EHA
(/) -
Address
RD
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3rd alternate function

(b) Input buffer control

Al
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A

A

(e) Alternate function input

control

Figure 2-33 Port type F1010-U block diagram
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2.4.26 Porttype F101x-U
EVDD
WRpy
A I NN 0 R
~ mn (c) Pull-up control 4' Pch
WReprce r
PFCEmn
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WRemc
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Address >
>
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A

1st alternate function

3rd alternate function

(e) Alternate function input
control

Figure 2-34 Port type F101x-U block diagram
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2.4.27 Port type F110000-U

EVDD
WRpy
M >
-/ (c) Pull-up control 4' Pch
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PFCEmn
WRpFc
PFCmn
WRemc
PMCmn
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“ (b) Input buffer control
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p| (e)Alternate function input
1st alternate function < control «
2nd alternate function

Figure 2-35 Port type F110000-U block diagram
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2.4.28 Port type F110001-U

EVDD
WRpy
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(c) Pull-up control Pch
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WRemc
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A

2nd alternate function
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Figure 2-36 Port type F110001-U block diagram
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2.4.29 Porttype F1100-U

EVDD

(c) Pull-up control 4' Pch

(a) Output buffer control —‘
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Figure 2-37 Port type F1100-U block diagram
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2.4.30 Porttype F1110-Ul
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Figure 2-38 Port type F1110-Ul block diagram
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2.4.31 Porttype F113x-Ul
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Figure 2-39 Port type F113x-Ul block diagram
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2.4.32 Porttype F1x10-Ul
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Figure 2-40 Port type F1x10-Ul block diagram
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2.4.33 Port type F3x1x-Ul
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Figure 2-41 Port type F1x1x-Ul block diagram
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2.4.34 Porttype F1xx001-U
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Figure 2-42 Port type F1xx001-U block diagram
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2.4.35 Porttype Fx010-U
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2.4.36 Porttype Fx01x-U
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Figure 2-44 Port type Fx01x-U block diagram
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2.4.37 Porttype Fx103-Ul
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Figure 2-45 Port type Fx103-Ul block diagram
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2.4.38 Porttype Fx10x-U
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Figure 2-46 Port type Fx10x-U block diagram
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2.4.39 Porttype Fx10x-Ul
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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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Figure 2-48 Port type Fx110-U block diagram
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2441 Porttype Fx120-UFI
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2.4.42 Porttype Fx123-UFI
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Figure 2-50 Port type Fx123-UFI block diagram
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2.4.43 Porttype Fx12x-UFlI
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2.4.44 Porttype Fx13x-U
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Figure 2-52 Port type Fx13x-U block diagram
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Internal bus

2.4.45 Porttype Fx210-U
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Figure 2-53 Port type Fx210-U block diagram
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2.4.46 Porttype Fx2x0-U
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Figure 2-54 Port type Fx2x0-U block diagram
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2.4.47 Porttype Fxx10-U
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Figure 2-55 Port type Fxx10-U block diagram
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2.4.48 Porttype Fxx1x-U
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Figure 2-56 Port type Fxx1x-U block diagram
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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 100). In Table 2-40 on page 130 it is listed
how the pin functions change if the microcontroller is reset.

In the subsections, for every port group the settings of the configuration
registers is listed. Further, the addresses and initial values of the configuration
registers are given. See “Port group 0” on page 108 to “Port group DL’ on
page 125.

2.5.1 Port group configuration lists
Table 2-14 provides an overview of the functions available at each port pin.

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

Eg;grow Egrrr:e Alternative outputs | Alternative inputs g‘:}féer
POO 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

1 P10 - INTP9 5-W
P11 - INTP10 5-W

P30 TXDDO - 5-W

P31 - RXDDO/INTP7 5-W

P32 TOAAOO/TOAAO0L ASCKDO/TIAA00 5-W

P33 TOAAOQ01/CTXDO TIAAO1 5-W

3 P34 TOAA10 TIAA10/CRXDO 5-W
P35 TOAAl1l TIAA1l 5-W

P362 - - 5-W

p372 - - 5-W

P3gP TXDD2?2 - 5-W

P39P - RXDD2%/INTP82 5-W

P40 - SIBO/KRO/ 5-W

4 P41 SOBO KR1 5-W
P42 SCKBO SCKBO/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-L, V850ES/FF3-L, V850ES/FG3-L port group list (2/3)

Port group | Port Alternative outputs | Alternative inputs ey
name name type
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
pP710° |- ANI10 11-G
p711P |- ANI11 11-G
p7122 |- ANI12 11-G
P7132 |- ANI13 11-G
P7142 |- ANI14 11-G
P7152 |- ANI15 11-G
P90 TXDD1 KR6 5-W
PO1 - KR7/RXDD1 5-W
Pg22 - - 5-W
P93 - - 5-W
P94 - - 5-W
Pg5a - - 5-W
P96 TOAA21 TIAA21 5-W
o P97 TOAA20 SIBL/TIAA20 5-W
POs SOB1 - 5-W
P99 SCKB1 SCKB1 5-W
P910® |- - 5-W
Po9112 |- - 5-W
pP9122 |- - 5-W
P913 PCL INTP4 5-W
P914 SDA0O SDAOO/INTP5 5-W
P915 SCLOO SCLOO/INTP6 5-W
PCMO |- - 5
o PCM1 | CLKOUT - 5
PCM2P | — - 5
PCM3P |- - 5
PCSO |- - 5
csP
PCS1 |- - 5

User’s Manual U18743EE1V2UMO0

101



Chapter 2

Pin Functions

102

Table 2-14

V850ES/FES3-L, VB50ES/FF3-L, VB50ES/FG3-L port group list (3/3)

Eg:r:egroup Eg::e Alternative outputs | Alternative inputs E/l:)féer
PCTO |- - 5

o PCT1 |- - 5
PCT4 |- - 5

PCT6 |- - 5

PDLO |- - 5-K

PDL1 |- - 5-K

PDL2 |- - 5-K

PDL3 |- - 5-K

PDL4 |- - >K

PDL5 |- FLMD1 5-K

PDL6 |- - 5-K

DL

PDL7 |- - 5-K

PDL8Y |- - 5-K

PDLO® |- - 5-K

PDL10P |- - 5-K

PDL11P |- - 5-K
PDL122 | - - 5-K

PDL132 | — - 5-K

3  VB50ES/FG3-L only

b)  V850ES/FF3-L, V850ES/FG3-L only
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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 V850ES/
Fx3-L. These are listed in Table 2-14 on page 100.

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

Pin name | I/O | Pin function Port Pin number
FE3 | FF3 | FG3
ADTRG I | A/D Converter O external trigger input P03 15 6 18
ANIO I | A/D Converter 0 input O to 15 P70 64 | 80 | 100
ANI1 P71 63 79 99
ANI2 P72 62 78 98
ANI3 P73 61 7 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 P719 - 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 — | /O buffer supply voltage - - - 70
BVSS — | /O buffer supply ground - - - 69
CLKOUT O | CPU system clock output PCM1 | 46 | 50 | 62
CRXDO I | CAN receive data P04 16 7 19
P34 26 26 29
CTXDO O | CANO 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 PO5 | 17 | 17 | 20
EVDD — | Port buffer supply voltage - 33| 31 5,
34
EVSS — | Port buffer supply voltage - 32 | 30 | 33
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Table 2-15 Alphabetic pin functions list (2/3)

Pin name | 1/O | Pin function Port Pin number
FE3 | FF3 | FG3
FLMDO — | Flash programming mode setting pin - 3 8 8
FLMD1 I 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 - - 4
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 I | Non-maskable interrupt P02 14 5 17
PCL O | Programmable clock output PO13 | 42 | 44 | 56
REGC — | External voltage regulator capacitor connection - 5 10 | 10
RESET | | Resetinput - 9 | 14| 14
RXDDO I | UARTD receive data P31 23 | 23| 26
RXDD1 P91 37 39 44
RXDD2 P39 36
SCKBO I/0 | Clocked Serial Interface clock lines P42 21 | 21 | 24
SCKB1 P99 41 43 52
SCL00 /O | 1°CO clock line P915 | 44 | 46 | 58
SDA00 I/0 | 12CO 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
SOB1 P98 40 42 51
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Table 2-15 Alphabetic pin functions list (3/3)

Pin name | 1/O | Pin function Port Pin number
FE3 | FF3 | FG3
TIAAQO I | Timer TAA channel O capture trigger input P32 24 | 24 | 27
TIAA1O P33 25 25 28
TIAA20 P97 39 41 50
TIAA30 PO1 13 4 7
TIAA40 P02 14 5 17
TIAAO1 I | Timer TAA channel 1 capture trigger input P34 26 | 26 | 29
TIAA1L P35 27 27 30
TIAA21 P96 38 40 | 49
TIAA31 POO 12 3 6
TIAA41 P03 15 6 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 4 7
TOAA40 P02 14 5 17
TOAAO1 O | Timer TAA channel 1 signal output P32 24 | 24 | 27
P33 25 | 25 | 28
TOAAl1l 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 I | 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:

Unit Alternative function /O | Portl Port 2

Timer TOAAO1 O | P33 P32

CAN CTXDO O | P06 P33
CRXDO | P04 P34

Key interrupt KRO | P40 P50
KR1 I P41 P51
KR2 I P42 P52

Caution

Thus you can select on which pin the alternative function should appear. Refer
to “Pin function configuration” on page 37.

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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Port group O

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

« External interrupt (INTPO to INTP3)

* Non-maskable interrupt (NMI)

* N-Wire debug interface reset (DRST)

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

Port group 0 includes the following pins:

Table 2-16 Port group O: 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 (OCDMO =1) afflt’:rcrtg;gt POTLYPE | fiitera | charact.?
Function 1 | Function 2 | Function 3 | Function 4
PFC=0 PFC=1 PFC=0 PFC=1

P00 TIAA3L (I) | TOAA3L (0) |- - - P00 (1) E10-U A S2
P01 TIAA30 (1) | TOAA30(0) |- - - P01 (1) E10-U A S2
P02 NMI (1) prohibited | TIAA40 (1) | TOAA40 (0) | - P02 (1) F1x10-Ul A S2
P03 INTPO (I) | ADTRG (I) | TIAA41(l) | TOAA41(0) |- P03 (1) F1110-Ul A S2
P04 INTPL (I) | CRXDO(I) |- - - P04 (1) E11-Ul A S1
P05 INTP2 (1) |- - - DRST (1) %SS(TI)“(;L D101-Ul A 2
P06 INTP3 () | CTXDO (0) |- - - P06 (1) E10-UI B S2

a) A: analog noise filter only for TIAAnm, 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
©) 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 42 and to “On-Chip Debug Unit” on page 723.

108

Note Alternative functions CRXDO 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 104.
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Table 2-17 Port group 0: configuration registers

Register | Address :Irzltliﬂ Used bits

PMCO FFFF F4404 00y X PMCO6 | PMCO5 |PMCO4 |PMCO3 |PMCO2 |PMCOL |PMCOO

PMO FFFF F4204 FFy X PM06 PMO05 PM04 PM03 PM02 PMO1 PM00

PFCO FFFF F460y 00y X PFC06 X PFC04 PFC03 PFC02 PFCO1 PFCO0

PFCEO FFFF F7004 00y X X X X PFCEO3 | PFCE02 | X X

OCDM FFFF FOFCy [ 004 /0142 |0 0 0 0 0 0 0 OCDMO

PO FFFF F4004 undefined | X P06 P05 P04 P03 P02 P01 P00

PUO FFFF FC404 | 004 X PUO6 PUOS PU04 PU03 PU02 PUO1L PUOO

3 Depends on the reset source (Refer to “OCDM - On-chip debug mode register” on page 42 and to “On-Chip
Debug Unit” on page 723)

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 Portgroup 1 (VB50ES/FG3-L)
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:
« External interrupt (INTP9 and INTP10)
Port group 1 includes the following pins:
Table 2-18 Port group 1: pin functions and buffer types
Pin functions in different modes . . .
- Pin function | Port | Noise| Input
Port mode Alternative mode after reset type | filter? | charact.”
(PMCnm =0) (PMCnm =1)
P10 INTPO (1) P10 (1) D1-UI | A S2
P11 INTP10 (1) P11 (1) D1-Ul | A S2
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
PMC1 FFFF F442, | 00y X X X X X X PMC11 | PMC10
PM1 FFFF F422, | FFy X X X X X X PM11 PM10
P1 FFFF F402y | undefined X X X X X X P11 P10
PU1 FFFF FC42, | 004 X X X X X X PU11 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:

« External interrupt (INTP7 and INTP8)
« Timer TAAO channels (TIAA0O, TIAAO1 and TOAAOO0, TOAAO01)
e Timer TAAL channels (TIAA10, TIAA11 and TOAA10, TOAA11)

« CANO transmit/receive data (CTXDO, CRXDO)

* UARTDO transmit/receive data (TXDDO, RXDDO0)
* UARTDO baud rate clock input (ASCKDO)

Port group 3 includes the following pins:

Table 2-20 Port group 3: pin functions and buffer types

Pin functions in different modes

Port Alternative mode Pin
mode (PMCnm = 1) function | Noise t!nFr)Utt
(PI\_/ICnm PECE = 0 PECE = 1 after OTtYPE | fijtera | CNETACH
=0) : : _ _ reset
Function 1 | Function 2 | Function 3 | Function 4
PFC=0 PFC=1 PFC=0 PFC=1
P30 TXDDO (O) |- - - P30 (1) DO-U - S1
P31 RXDDO (I) |- - - P31 (1)
INTP7 (I D3-Ul A S1
P32 ASCKDO (I) | TOAA0L (O) | TIAAOO (I) | TOAAOO (O) | P32 (1) F1010-U A S2
P33 TIAAOL (I) | TOAAO0L (O) | CTXDO (O) | prohibited P33 () F100x-U A S2
P34 TIAA10 () | TOAA10 (O) | CRXDO (l) | prohibited P34 (1) F101x-U A S1
P35 TIAA11 (I) | TOAA1l (O) | — - P35 (1) E10-U A S2
P36°¢ - - - - P36 (1) C-u - S1
P37¢ - - - - P37 (1) C-u - S1
P38t TXDD2(0)¢ | — - - P38 (1) c-ud B s1
DO-U
P39°¢ RXDD2 ()% | — - - P39 () c-ud A s1
INTPS (I)° D3-Ul

a A analog noise filter only for INTPn, TIAAnm inputs
B: analog and digital noise filter
—: no noise filter
b) S1: Schmitt trigger (30/70%); S2: Schmitt trigger (40/80%); x: CMOS
©) not available for VB50ES/FE3-L, V850ES/FF3-L
9 for V850ES/FF3-L

Note Alternative functions CRXDO0, CTXD0, and TOAAOL 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 37.
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Table 2-21 Port group 3: configuration registers

Register Address :,r;fil Used bits

V850ES/FE3-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
PFC3L FFFF F466, | 00y X X PFC35 PFC34 PFC33 PFC32 X X
PFCE3L FFFF F706y | 00y 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 F427y | FFy X X X X X X PM39 PM38
PM3 (16 bit) | FFFF F426, | FFFFy PM315 to PM38 (PM3H) PM37 to PM30 (PM3L)

PFC3L FFFF F466, | 00y X X PFC35 PFC34 PFC33 PFC32 X X
PFCE3L FFFF F706y | 00y 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 FC464 | 00y X X PU35 PU34 PU33 PU32 PU31 PU30
PU3H FFFF FCA4T74 | 00y X X X X X X PU39 PU38
PU3 (16 bit) FFFF FC46 | 00004 PU315 to PU38 (PU3H) PU37 to PU30 (PU3L)
V850ES/FG3-L

PMC3L FFFF F446, | 00y PMC37 |PMC36 |PMC35 |PMC34 |PMC33 |PMC32 |PMC31 |PMC30
PMC3H FFFF F447, | 00y X X X X X X PMC39 | PMC38
PMC3 (16 hit) | 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 F427y | FFy X X X X X X PM39 PM38
PM3 (16 bit) | FFFF F426, | FFFFy PM315 to PM38 (PM3H) PM37 to PM30 (PM3L)

PFC3L FFFF F466, | 00y X X PFC35 PFC34 PFC33 PFC32 X X
PFCE3L FFFF F706, | 00y 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 F426y | undefined P315 to P38 (P3H) P37 to P30 (P3L)

PU3L FFFF FC464 | 00y PU37 PU36 PU35 PU34 PU33 PU32 PU31 PU30
PU3H FFFF FCA4T7, | 00y X X X X X X PU39 PU38
PU3 (16 bit) FFFF FC46, | 00004 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 Portgroup 4

Port group 4 is a 3-bit port group. In alternative mode, it comprises pins for the
following functions:

« External interrupt (INTP14)

» Key interrupt input (KRO to KR2)

» Clocked Serial Interface CSIBO data/clock line (SIBO, SOB0, SCKBO)

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 | | Noise | Input
(Pl PECE = 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 () EO01-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 37.

Table 2-23  Port group 4: configuration registers

Register | Address U;Itf: Used bits

PMC4 FFFF F448, | 004 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 FC48, | 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 Portgroup5

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

« 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 buffer types

Pin functions in different modes

Alternative mode

Port On-chip Pin

mode (PMCnm =1) debug mode | fynction Noise | Input
(PMC =0) PFCE =0 DECE=1 (OCDMO = 1) after Port type filter@ chakr)act.

reset
Function 1 | Function 2 | Function 3 Function 4
PFC=0 PFC=1 PFC=0 PFC=1

P50 KRO (1) - - P50 (1) D1-U A S2
P51 KR1 (1) - - P51 (1) D1-U A S2
P52 KR2 (1) - DDI (1) EEZI E:;Cor D101-U A 2
P53 KR3 (1) - DDO (0) [P)SDSO(I()O(;rC D101-U A 2
P54 KR4 (1) - DCK (1) Eiﬁ((;?)gr D101-U A 2
P55 KR5 (1) - DMS (1) [P)iASS(I()I)%r D101-U A 2

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

—: no noise filter
b) S1: 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 42 and to “On-Chip Debug Unit” on page 723.
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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 37.
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Table 2-25 Port group 5: configuration registers

Register | Address Initial value | Used bits

PMC5 FFFF F44Ay | 004 PMC55 | PMC54 |PMC53 |PMC52 |PMC51 |PMC50

PM5 FFFF F42A, | FFy X X PM55 PM54 PM53 PM52 PM51 PM50

0CDM FFFF FOFCy | 00,/ 01,2 0 0 0 0 0 0 0 0CDMO

P5 FFFF F40Ay | undefined X X P55 P54 P53 P52 P51 P50

PU5 FFFF FC4Ay | 00y X X PU55 PU54 PU53 PU52 PU51 PU50

a) Depends on the reset source (Refer to “OCDM - On-chip debug mode register” on page 42 and to “On-Chip
Debug Unit” on page 723)

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 buffer types

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

(PMCnm = 0) (PMCnm = 1) after reset

P70 ANIO (1) P70 (1) D1A - X
P71 ANI1 (1) P71 (1) 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 (1) P77 (1) D1A - X
P78 ANIS8 (1) P78 (I) D1A - X
P79 ANIO (1) P79 (1) D1A - X
P710° ANI10 (1) P710 () D1A - X
P711° ANI11 (1) P711 (1) D1A - X
p712¢ ANI12 (1) P712 () D1A - X
p713¢ ANI13 (1) P713 () D1A - X
p7149 ANI14 (1) P714 (1) D1A - X
p715¢ 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
©  notavailable for V850ES/FE3-L

9 not available for V850ES/FE3-L and V850ES/FF3-L

116 User’'s Manual U18743EE1V2UMO0



Pin Functions Chapter 2
Table 2-27 Port group 7: configuration registers

Register Address Ugrlilael Used bits

PMCT7L FFFF F44Ey | 00y PMC77 |PMC76 |PMC75 |PMC74 |PMC73 |PMC72 |PMC71 |PMC70

PMCT7H FFFF F44Fy | 00y PMC715% | PMC714% | PMC713% | PMC7122 | PMC711° | PMC710° | PMC79 | PMCT8

PM7L FFFF F42Ey | FFy PMT7T PM76 PM75 PM74 PM73 PM72 PM71 PM70

PMTH FFFF F42Fy | FFy PM715% | PM714% | PM713% | PM7122 | PM7110 | PM710° | PM79 PM78

P7L FFFF F40Ey | undefined | P77 P76 P75 P74 P73 P72 P71 P70

PTH FFFF FAQFy | undefined | P7152 P7142 P713? P7122 p711P P710° P79 P78

8  not available for V850ES/FE3-L and V850ES/FF3-L
b)  not available for V850ES/FE3-L

Access

Caution

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.

The port status cannot be read if the port is used as an analog input.
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2.5.9 Portgroup9
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)

« 12C data/clock line (SDA0O, SCLOO)
« Programmable clock output (PCL)

Note If P914 and P915 are in output port mode (PMC9.PMC9m =0 and
PM9.PM9m = 0), the PF9H register specifies normal output or open-drain
output.
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Table 2-28 Port group 9: pin functions and buffer types
Pin functions in different modes
Port mode Alternative mode Pin
(PMCnm = 0) (PMCnm =1) function | Port | Noise | Input
PECE = 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 (1) TXDD1 (O) | prohibited P90 (1) Fx10x A S2
-U
Po1 prohibited | KR7 (1) RXDD1 (I) prohibited PI1 (1) Fx13x A s1
KR7 (1) -u
P92¢ - - - - P92 (I) c-u - S2
P93¢ - - - - P93 (1) Cc-u - S2
P94° - - - - P94 (1) c-U - S2
P95°¢ - - - - P95 (1) c-u - S2
P96 prohibited | prohibited TIAA21 (1) TOAA21 (O) | P96 (1) Fxx10 A S2
-U
P97 prohibited | SIB1 (1) TIAA20 () | TOAA20(O) (P97 () | Fx110 | s>
-U
P98 prohibited | SOB1 (O) prohibited prohibited P9s8 (1) Ex0-U - S2
P99 prohibited | SCKBL1 (I/O) | prohibited prohibited P99 (1) Ex2-U A S2
P910°¢ - - - - P910 (I) C-U - S2
P911°¢ - - - - P911(l) | C-U - S1
P912°¢ - - - - P912 (1) Cc-u - S2
P913 prohibited | INTP4 PCL (O) INTP4 (1) PO13(I) | Fx10x | s1
-Ul
P914 prohibited | INTP5 SDAO0O (I/0) | INTPS5 (I) P914 (1) | Fx12x
A S1
-UFI
P915 prohibited | INTP6 SCLOO (I/O) | prohibited P915 (I) | Fx12x
R | A st

a A analog noise filter only for KRn, TIABnm 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: VB50ES/FE3-L, VB50ES/FF3-L configuration registers

Register Address :/r;ItLijZI Used bits

PMCIL FFFF F452 |00, PMCO7 [ PMCIS | X X X X PMCI1 | PMC90
PMCOH FFFF F453, | 00y PMCO15 | PMCOL4 | PMCOI3 | X X X PMC99 | PMCOB
PMCO (16 bit) | FFFF F452, | 0000, PMCY15 to PMC98 (PMCOH) PMCS7 to PMCS0 (PMCIL)
PMIL FFFF F432, | FFy PMIT  [PMI6 | X X X X PMIL | PMYO
PM9H FFFF F433y | FFy PMO15 | PM9L4 | PMII3  [X X X PMI9 | PM8
PM9 (16 bit) | FFFF F432, | FFFF, PM915 to PM9B (PM9H) PM97 to PM9O (PM9L)
PFCIL FFFF F472 | 00, PFCO7 | PFCO6 | X X X X PFCI1 | PFCY0
PFCOH FFFF F473, | 00y PFCO15 | PFCOL4 | PFCOI3 | X X X PFCO9 | PFCO8
PFCY (16 bit) | FFFF F472, | 0000, PFC915 to PFC98 (PFCOH) PFCY7 to PFCY0 (PFCIL)
PFCEQL FFFF F712, | 00 PFCEST | PFCE9 | X X X X PFCE91 | PFCE90
PFCEQH FFFF F713y | 004 PFCE915 | PFCE9L4 | PFCE913 | X X X X X
PFCEQ (16 bit) | FFFF F712, | 0000, PFCE15 to PFCE98 (PFCEQH) PFCEYT to PFCE90 (PFCEQL)
PoL FFFF F412, | undefined | P97 P96 X X X X POl P90
P9H FFFF F413y | undefined | P15 Po14 Po13 X X X P9 P98
P9 (16 bit) FFFF F412, | undefined PY15 to P98 (PIH) P97 to P90 (PIL)

PUIL FFFF FC52y | 00, PU7  [PUS | X X X X PUSL | PU0
PUSH FFFF FC53y | 00y PUILS | PUIL4 | PUIIZ  |X X X PUS9 | PUS
PU9 (16 bit) | FFFF FC52, | 0000, PU9LS to PU9B (PUSH) PUST to PU90 (PUSL)

PFOH FFFF FC73y | 00, 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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Table 2-30 Port group 9: VB50ES/FG3-L configuration registers

Register Address :/r;ItLijZI Used bits

PMCIL FFFF F452 |00, PMCO7 [ PMCIS | X X X X PMCI1 | PMC90
PMCOH FFFF F453, | 00y PMCO15 | PMCOL4 | PMCOI3 | X X X PMC99 | PMCOB
PMCO (16 bit) | FFFF F452, | 0000, PMCY15 to PMC98 (PMCOH) PMCS7 to PMCS0 (PMCIL)
PMIL FFFF F432, | FFy PM97  |PM9%6  |PMo5  [PM94  [Pmo3  [PM92  |Pmot [ PM0
PM9H FFFF F433y | FFy PM5 | PM9L4 | PMO13 | PM9L2 | PMoLl | PMI0 | PMIY | PMs
PM9 (16 bit) | FFFF F432, | FFFF, PM915 to PM9B (PM9H) PM97 to PM9O (PM9L)
PFCIL FFFF F472 | 00, PFCO7 | PFCO6 | X X X X PFCI1 | PFCY0
PFCOH FFFF F473, | 00y PFCO15 | PFCOL4 | PFCOI3 | X X X PFCO9 | PFCO8
PFCY (16 bit) | FFFF F472, | 0000, PFC915 to PFC98 (PFCOH) PFCY7 to PFCY0 (PFCIL)
PFCEQL FFFF F712, | 00 PFCEST | PFCE9 | X X X X PFCE91 | PFCE90
PFCEQH FFFF F713y | 004 PFCE915 | PFCE9L4 | PFCE913 | X X X X X
PFCEQ (16 bit) | FFFF F712, | 0000, PFCE15 to PFCE98 (PFCEQH) PFCEYT to PFCE90 (PFCEQL)
PoL FFFF F412, | undefined | P97 P96 P%5 P94 P93 P92 POl P90
P9H FFFF F413y | undefined | P15 Po14 Po13 P912 P11 P910 P9 P98
P9 (16 bit) FFFF F412, | undefined PY15 to P98 (PIH) P97 to P90 (PIL)

PUIL FFFF FC52y | 00, PU7  |PU%  |Pu9%s  [Pus  |Puss  [pus2  |Pust [ Pugo
PUSH FFFF FC53y | 00y PUSLS | PUIL4 | PU9I3  |PUI2 | PUSLL | PUIL0 | PUIY | PU9B
PU9 (16 bit) | FFFF FC52, | 0000, PU9LS to PU9B (PUSH) PUST to PU90 (PUSL)

PFOH FFFF FC73y | 00, 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:
» CPU system clock output (CLKOUT)
Port group CM includes the following pins:
Table 2-31 Port group CM: pin functions and buffer 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
PCMO - PCMO (1) C - X
PCM1 CLKOUT (0) PCML1 (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 on V850ES/FE3-L
Table 2-32 Port group CM: configuration registers
Register | Address Initial Used bits
value
PMCCM FFFF FO4Cy | 00y X X X X X PMCCML | X
PMCM FFFF FO2Cy | FFy X X X PMCM32 | PMCM2 | PMCM1 | PMCMO
PCM FFFF FOOCy | undefined | X X X PCM3® | PCM2® | PCM1 PCMO

3  not available for V850ES/FE3-L
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Access

All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.5.11 Port group CS (V850ES/FF3-L, VB50ES/FG3-L)
Note Port group CS is available only for VB50ES/FF3-L, V850ES/FG3-L
Port group CS is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:
Port group CS includes the following pins:
Table 2-33 Port group CS: pin functions and buffer 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
PCSO0 - PCSO0 (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 LIl Used bits
value
PMCS FFFF F028, | FFy X X X X X X PMCS1 | PMCSO
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 (V8B50ES/FF3-L, VB850ES/FG3-L)
Note Port group CT is available only for V850ES/FF3-L, VB50ES/FG3-L.
Port group CT is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:
Port group CT includes the following pins:
Table 2-35 Port group CT: pin functions and buffer types
Pin functions in different modes Pin :
- function Port | Noise Input
Port mode Alternative mode type | filter? | charact.
(PMCnm = 0) (PMCnm = 1) after reset
PCTO - PCTO (I) C - X
PCT1 - PCT1 (I) C - X
PCT4 - PCT4 (1) C - X
PCT6 - PCT6 (I) 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 gl Used bits
value
PMCT FFFF FO2Ay | FFy X PMCT6 | X PMCT4 | X X PMCTL1 | PMCTO
PCT FFFF FOOAy | undefined |X PCT6 X PCT4 X X PCT1 PCTO
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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 buffer 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
PDLO - PDLO (1) C - S2
PDL1 - PDL1 (1) C - S2
PDL2 - PDL2 (1) C - S2
PDL3 - PDL3 (1) C - S2
PDL4 - PDLA4 (1) C - S2
PDL5 FLMDL1 (1) PDLS5 (1) C - S2
PDL6 - PDLS6 (1) C - S2
PDL7 - PDL7 (1) C - S2
PDL8C - PDLS (1) C - S2
PDLO® - PDLY (1) C - S2
PDL10° - PDL10 (1) C - S2
PDL11¢ - PDL11 (I) C - S2
pDL12¢ - PDL12 (l) C - S2
PDL13¢ - PDL13 (1) C - S2
3 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 ey Used bits
value
PMDLL FFFF F024y |FFy PMDL7 |PMDL6 |PMDL5 |PMDL4 |PMDL3 |[PMDL2 |PMDL1 |PMDLO
PMDLH2 FFFF FO25, |FFy X X PMDL13" |PMDL12" |PMDL11% |PMDL10? |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 PDLL PDLO
PDLH? FFFF FO05, |undefined |X X PDL13" |PDL12® |PDL11® |PDL10® |PDL9 PDLS
PDL (16 hit)*  |FFFF F004y |undefined PDL15 to PDL8 (PDLH) PDL7 to PDLO (PDLL)

3  not available for V850ES/FE3-L
) not available for V850ES/FE3-L, V850ES/FF3-L

Access
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All 16-bit registers can be accessed in 16-bit units.

All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.6

26.1

Noise Elimination

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

In Table 2-16 on page 108 and in the following tables it is listed whether a pin is
equipped with an analog filter, a digital filter, both analog and digital filter, or no
filter at all.

Analog filtered inputs

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

* Non-maskable interrupt (NMI)

« External interrupts (INTPn)

e Key interrupt inputs (KRn)

« 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 Electrical Target Specification). 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 I/O port.
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2.6.2 Digitally filtered inputs

Filter operation

Input terminal

Filter output

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

The digital filter operates in all modes, in which XX is available. Thus, it does
not operate in standby modes (if fXT 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 1/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:
 fq is defined by NFC.NFC[2:0]
fs is the sampling frequency. Together with N it defines the minimum input
terminal pulse width to be validated.
* Nis 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).

- - - - - - -
- - - -
-- - - -

e | - - - -
- - - -

- - - - — — —
- - - - - - -
- - - - - -
- - - - - - -
- - - - - - -
- - - - - - -
— - - - - - -
-------
—— - - — — -

-t------

LT
AALBL

5

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

Bit position Bit name Function
Enables/disables digital noise elimination at pin INTP3:
7 NFEN 0: Digital noise elimination is disabled.
1: Digital noise elimination is enabled.
Defines the number of sampling periods N of f4 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 f,. /64
0 0 1 £ /128
0 1 0 f/256
2t00 NFC[2:0]
0 1 1 f /512
1 0 0 f./1024
1 0 1 fiot
1 1 0
setting prohibited
1 1 1
Note 1. fy, =system clock

fyt = Sub oscillator frequency).

Remark If fsis set to fXX/64, fXX/128, fXX/256, fXX/512, fXX/1024, or fXX/2048, it
cannot be used to release the standby mode, because the sampling clock
stops in the IDLE1, IDLE2 mode, or STOP mode. In this case, set fs to fXT or
connect the analog noise elimination circuit (setting not to execute digital noise
elimination) to release the standby mode.

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

128

(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
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DMA functions.

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 |+« PO5/DRST: P05 port input with internal pull-down
RESET resistor
« all other pins: Hi-impedence
after ¢ PO5/DRST: DRST input with internal pull-down resistor
« P52/DDI, P54/DCK, P55/DMS: DDI, DCK, DMS inputs
« P53/DDO: DDO output
« all other pins: input port mode
Power-On- during |+ 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 |+ PO5/DRST, P52/DDI, P53/DDI, P54/DCK, P55/DMS:
sources same as before reset
after A
« all other pins: input port mode
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

Note

Pin

Recommended connection

Port pins

pins of port groups 0, 1,3t0 5,9
(except PO5 of port group 0)

¢ output pins: leave open

¢ input pins: connect to EVDD or EVSS
via a resistor

PO5 of port group 0

« output pins: leave open

¢ input pins: connect to EVSS via a
resistor

pins of port groups 7

« output pins: leave open
¢ input pins: connect to AVREFO or
AVSS via a resistor

pins of port groups CM, CS, CT, DL

e output pins: leave open

¢ input pins: connect to BVDD or BVSS
via a resistor

Non-port pins

AVREFO connect to VDD

FLMDO connect to VSS

REGC connect to regulator output stability
capacity

XT1 connect to VSS via a resistor

XT2 leave open

Not connect pins

IC

Connect directly to VSS via a resistor

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

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 Electrical Target

Specification.
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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.

29.1

AVREF0

POO/TIAA31/TOAA31
PO1/TIAA30/TOAA30
PO2/NMI/TIAA40/TOAA40
PO3/INTPO/ADTRG/TIAA41/TOAA41
P04/INTP1/CRXDO

Figure 2-59 VB850ES/FE3-L package pin assignment
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aa
a0

0
1
2
3
4
5
6
7
8
9

V850ES/FE3-L package pins assighment

64 f——o P70/AN
63 f——o P71/AN
62 f——o P72/AN
61 f——o P73/AN
60 f——o P74/AN
59 f——o P75/AN
58 f——o P76/AN
57 f——o P77/AN
56 f——o P78/AN
55 f——o P79/AN

54 f——o PDL7

53 f——o PDL6
52 f——o PDL5/FLMD1

51 f——o PDL4
50 f——o PDL3
49 }——o PDL2

uPD70F3610GB-GAH
uPD70F3611GB-GAH
uPD70F3612GB-GAH
uPD70F3613GB-GAH
uPD70F3614GB-GAH

«——0
——0
«——0
——0
«——0
«——0
«——0
——0
«——0
——0
«——0
——0
«——0
——0
«——0

o—4 32

P51/KR1 o«——] 29

P30/TXDD0 o«—] 22

P50/KR0O o«——} 28

P52/KR2/DDI o«——} 30

P53/KR3DDO o«——f 31
EVSS

P31/RXDDO/INTP7 o«——} 23

PO5/INTP2/DRST o«—} 17

PO6/INTP3/CTXD0 o——] 18

P40/SIBO/KRO o«——} 19

P41/SOBO/KR1 o«——} 20

P42/SCKBO/KR2 o«——f 21
P32/ASCKDO/TOAAO01/TIAAOO/TOAAQ0 o«——f 24

P35/TIAA11/TOAA11 o——] 27

P33/TIAA01/TOAA01/CTXDO o«——J 25
P34/TIAA10/TOAA10/CRXD0 o«——] 26
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PDLO
PCM1/CLKOUT
PCMO
P915/INTP6/SCLOO
P914/INTP5/SDAOO
P913/INTP4/PCL
P99/SCKB1
P98/SOB1
P97/SIB1/TIAA20/TOAA20
P96/TIAA21/TOAA21
P91/KR7/RXDD1
P90/KR6/TXDD1
P55/KR5/DMS

P54/KR4/DCK
EVDD
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2.9.2 VB50ES/FF3-L package pins assignment

AVREFO0

AVSS

POO/TIAA31/TOAA31
PO1/TIAA30/TOAA30
P02/NMI/TIAA40/TOAA40
PO3/INTPO/ADTRG/TIAA41/TOAA41
P04/INTP1/CRXDO

FLMDO

PO5/INTP2/DRST
PO6/INTP3/CTXDO
P40/SIBO/KRO
P41/SOBO/KR1

——0
——0
——0
«——o0
«——0
«——0
——0
——0
l——0
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——0
——0
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Figure 2-60 V850ES/FF3-L package pin assignment
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PCM2
PCM1/CLKOUT
PCMO

PCS1

PCSO

P915/INTP6/SCLO0
P914/INTP5/SDA00
P913/INTP4/PCL
P99/SCKB1

P98/SOB1
P97/SIB1/TIAA20/TOAA20
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Figure 2-61 V850ES/FG3-L 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
« 32 general purpose registers
* Internal 32-bit architecture
« Five-stage pipeline
« Efficient multiplication and division instructions
« 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: set, clear, not, test
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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
\é = (12/':';‘2‘;6;2) -
B Program counter
~ P :
Systom registers - Bus control unit
o (BCU) v
v K K g k=
° <
K
S K~
Interrupt control unit —
(INTC) —
<:j Bus bridge
(BBR)
N Standby control unit
K—=>
PO (STBC)
S NPB
Figure 3-1 CPU system
The shaded busses are used for accessing the configuration registers of the
concerned modules.
Table 3-1 Bus types
Bus type Function

136

NPB — Peripheral bus

Bus interface to the peripherals (internal bus).

VSB - System bus

Bus interface to the Memory Controller for access 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
* System registers

All registers are 32-bit registers. An overview is given in the figure below. For
details, refer to V850ES User's Manual Architecture.

Zero Register)

Reserved for Assembler)

Interrupt Stack Pointer)

Stack Pointer (SP))

Global Pointer (GP))

(
(
(
(
(
(

Text Pointer (TP))

r30 (Element Pointer (EP))

r31 (Link Pointer (LP))

Figure 3-2 CPU register set

31 0
EIPC (Status Saving Register during interrupt)
EIPSW  (Status Saving Register during interrupt)
FEPC (Status Saving Register during NMI)
FEPSW (Status Saving Register during NMI)
| ECR (Interrupt/Execution Source Register) |
| PSW (Program Status Word) |
CTPC  (Status Saving Register during CALLT execution)
CTPSW  (Status Saving Register during CALLT execution)
DBPC  (Status Saving Register during exception/debug trap)
DBPSW  (Status Saving Register during exception/debug trap)
[cTBP (CALLT Base Pointer) |
| PC (Program Counter) |

Some registers are write protected. That means, writing to those registers is
protected by a special sequence of instructions. Refer to “Write Protected
Registers” on page 155 for more details.

User’s Manual U18743EE1V2UMO0

137



Chapter 3

CPU System Functions

138

3.2.1 General purpose registers (rO to r31)

Each of the 32 general purpose registers can be used as a data variable or
address variable.

However, the registers r0, rl, 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

Caution

Register name | Usage Operation

r0 Zero register Always holds 0. It is used for
operations using 0 and offset 0
addressing.2

rl 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.?

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

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

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 O (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
reglD 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 » »
(stores contents of PSW)

2 Status saving register during non-maskable interrupts FEPC 9 y
(stores contents of PC)

3 Status saving register during non-maskable interrupts FEPSW » »
(stores contents of PSW)

4 Interrupt source register ECR - x

5 Program status word PSW X X

6to 15 Reserved (operations that access these register numbers B B
cannot be guaranteed).

16 Status saving register during CALLT execution CTPC y 9
(stores contents of PC)

17 Status saving register during CALLT execution CTPSW 9 y
(stores contents of PSW)

18 Status saving register during exception/debug trap DBPC @ »
(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

21to 31 Reserved (operations that access these register numbers B _
cannot be guaranteed).

a) Reading from this register is only enabled between a DBTRAP exception (exception handler address
0000 00604) and the exception handler terminating DBRET instruction. DBTRAP exceptions are generated
upon ILGOP detections (refer to “Interrupt Controller (INTC)” on page 221).
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(1) 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 O is fixed to O.
Access This register can not be accessed by any instruction.
Initial Value 0000 0000y. The program counter is cleared by any reset.
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Table 3-4

Note

Caution

31 26 25 1

fixedto 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 144 and to the “Interrupt Controller
(INTC)” on page 221.

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

PC saving registers

Register Shortcut | Saves contents of PC in case of
Status saving register EIPC « software exception
during interrupt « maskable interrupt
Status saving register FEPC ¢ non-maskable interrupt
during non-maskable
interrupts
Status saving register DBPC? |+ exception trap
during exception/debug - debug trap
trap ¢ debug break
¢ during a single-step operation
Status saving register CTPC ¢ execution of CALLT instruction
during CALLT execution

a) Reading from this register is only enabled between a DBTRAP exception (excep-
tion handler address 0000 00604) and the exception handler terminating DBRET
instruction. DBTRAP exceptions are generated upon ILGOP detections (refer to
“Interrupt Controller (INTC)” on page 221).

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 O.
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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.

Initial Value 0000 0020y. The program status is initialized by any reset.

31 8 7 6 5 4 3 2 1 0
fixed to 0 |NP|EP|ID|SAT|CY|OV|S|Z|
R R RW RW RW RW RW RW RMW RMW

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 SAT2 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 ageneral arithmetic operation this bit is neglected. It is neither
set nor cleared.

Carry/borrow flag.

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.QV, and PWS.S,
instructions depending on the status of the operation result.

Table 3-6 Saturation-processed operation result

. Flag status | saturation-processed
Status of operation result .
SAT | ov S | operation result
Maximum positive value exceeded 1 1 0 | 7FFF FFFFy4
Maximum negative value exceeded 1 1 1 | 8000 00004
Positive (maximum not exceeded) a 0 0 | Operation result itself
X
Negative (maximum not exceeded) 1

a) Retains the value before operation.
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Table 3-7

Note

Caution

EIPSW, FEPSW, DBPSW, CTPSWPSW 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 0xxxy (x = undefined).

PSW saving registers

Register Shortcut | Saves contents of PSW in case of
Status saving register EIPSW |+ software exception
during interrupt « maskable interrupt

Status saving register FEPSW |«

during non-maskable

non-maskable interrupt

interrupts
Status saving register DBPSW? |« exception trap
during exception/debug « debug trap

trap - debug break

¢ 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 221).

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 O 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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(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 144.

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
31to 16 FECC Exception code of non-maskable interrupt (NMI)
15t0 0 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 Exception | Handler
- Classification restored to
Non-maskable interrupts NMIO Interrupt 00104 0000 00104 next PC
(NMI) input (see Note)
NMI1 Interrupt 0020y 0000 00204 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 |+ |ower 16 bits:
(INTC)” (INTC)"on exception code
on page 221
page 221
Software TRAPON TRAP Exception 004ny 0000 00404 next PC
exception (n=0toFy) |instruction
TRAP1n TRAP Exception 005ny 0000 00504 next PC
(n=0to Fp) instruction
Exception trap (ILGOP) lllegal Exception 00604 0000 00604 next PC
instruction
code
Debug trap DBTRAP | Exception 0060y 0000 00604 next PC
instruction
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If an interrupt (maskable or non-maskable) is acknowledged during instruction

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

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

acknowledged during execution of one of the following instructions:

 load 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.

(6) 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
| 0 | 0 | 0 | 0 | 0 | 0 | base address | 0 |
R2 R2 R2 R2 R2 R2 R/W R

3  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

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 (PDL5) to set the operation mode after reset
release according to Table 3-10:

Selection of operation modes

Pins
FLMD1 Operation Mode
FLMDO (PDL5)
0 X Normal operation mode (fetch from code flash)
0 Flash programming mode
1 Setting prohibited

The FLMDL1 pin function is shared with the PDL5 pin.

Normal operation mode
In normal operation mode, the internal code flash memory is not re-
programmed.

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 (flash memory devices only)
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 259.

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.
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3.4

3.4.1

Afterwards the software can be evaluated using breakpoints and the user
resources (such as memory and I/0O can be read or written.

For more information see Chapter 23 on page 723.

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:

e 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 memory can be accessed.

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

0800 0000y, ..., F80O 00004, or FCOO0 0000y
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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 .
Image
FC00 0000H ~ AN
FBFF FFFFH VTl : .
. Te-o L . Physical address space
| A Frod ooroneral 10 x3FF FFFFH
mage S /,j’ ixed peripheral Y3FF FOOOH
\ a note
| Ay Internal RAM %3FF x000H
AN ) use prohibited
o x3FF 0000H
F800 0000H NS Programmable peripheral /0 | _ 5. ~1oon
F7FF FFFFH . SN
\\ // /\/\
x /
Image AN AN use prohibited
= T AN
0800 0000H . K NN
07FF FFFFH y AN Internal Flash/ROM 2000 00008
/’ ////// Address bits
/ R A[31:26] = x
Image / )
/ /// /
/ P /
/ // /
/ > //
0400 0000H /
03FF FFFFH )/
Image J/
0000 0000H !
Figure 3-3 Images in the CPU address space
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Note

The start address of the internal RAM area depends on the product derivative.
See “Internal RAM area” on page 151 for detalils.
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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 —~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)

Figure 3-5

)

Figure 3-6

Caution

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 0000y and FFFF FFFFy

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

Wrap-around of data space

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:

Program space
03FF FFFEH
03FF FFFFH
(+) )
0000 0000H direction direction
0000 0001H
Program space

Wrap-around of program space

No instruction can be fetched from the 4 KB area of 03FF FOOO 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 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.

3.5.1 Memory areas

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

* Internal RAM area

« Internal fixed peripheral I/O area

< Programmable peripheral I/0 area

The areas are briefly described below.

(1) Internal code flash area

Table 3-11 shows the size and address range of internal code flash area.

Table 3-11 Internal code flash areas V850ES/Fx3-L

Product Device Code flash size | Address range
VB850ES/FE3-L | uPD70F3610 64 KB 0000 0000, to 0000 FFFF
pUPD70F3611 96 KB 0000 0000 to 0001 7FFFy
UWPD70F3612 128 KB 0000 0000y to 0001 FFFFy
pUPD70F3613 192 KB 0000 0000y to 0002 FFFFy
pUPD70F3614 256 KB 0000 0000y to 0003 FFFFy
V850ES/FF3-L | yPD70F3615 64 KB 0000 0000y to 0000 FFFFy
HUPD70F3616 96 KB 0000 0000y, to 0001 7FFFy
pUPD70F3617 128 KB 0000 0000y to 0001 FFFFy
UWPD70F3618 192 KB 0000 0000y to 0002 FFFFy
pUPD70F3619 256 KB 0000 0000 to 0003 FFFFy
VB850ES/FG3-L | uPD70F3620 128 KB 0000 0000y, to 0001 FFFF
UWPD70F3621 192 KB 0000 0000y to 0002 FFFFy
HPD70F3622 256 KB 0000 0000 to 0003 FFFFy

(2) Internal RAM area

Table 3-12 shows the size and address range of internal RAM area.
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Table 3-12 Internal RAM areas V850ES/Fx3-L

Product Device RAM size Address range
V850ES/FE3-L | yPD70F3610 |6 KB 03FF D800y — 03FF EFFFy
uWPD70F3611 |6 KB 03FF D800y — 03FF EFFFy
uPD70F3612 | 8 KB 03FF D000y — O3FF EFFFy
uPD70F3613 | 12 KB 03FF C000y — O3FF EFFFy
uWPD70F3614 | 16 KB 03FF BOOOy — O3FF EFFFy
V850ES/FF3-L | yPD70F3615 | 6 KB 03FF D800y — 03FF EFFFy
UPD70F3616 |6 KB 03FF D800y — 03FF EFFFy
uWPD70F3617 |8 KB 03FF D000y — O3FF EFFFy
uPD70F3618 | 12 KB 03FF C000y — O3FF EFFFy
uPD70F3619 | 16 KB 03FF BOOOy — O3FF EFFFy
V850ES/FG3-L | yPD70F3620 | 8 KB O03FF D000, — 03FF EFFFy
uPD70F3621 | 12 KB 03FF C000y — O3FF EFFFy
UPD70F3622 | 16 KB 03FF BOOOy — O03FF EFFFy

Note that the internal firmware, which is processed after reset, uses some
RAM (refer to “Reset” on page 705).

(3) Fixed peripheral I/O area

The 4 KB area between addresses 03FF FO00 and 03FF FFFF is provided

as the internal fixed peripheral I/O 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 and Memory Controllers
« Configuration registers of the clock controller

For a list of all peripheral 1/O registers, see “Special Function Registers” on
page 737.

Note 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 0000 to FFFF FFFFy. This has the
advantage that the area can be indirectly addressed by an offset and the
zero base rO0.

Therefore, in this manual, all addresses of peripheral 1/O registers in the
4 KB peripheral I/O area are given in the range FFFF FOOO, to

FFFF FFFFy instead of 03FF FOOOy to O03FF FFFF.

2. The fixed peripheral I/O area is mirrored to the upper 4 KB of the
programmable peripheral I/O area PPA. If data is written to one area, it
appears also in the other area.

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

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.
e During write operation: The lower 8 bits of data are written to the
register.

1. 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 I/O area

The 16 KB area between addresses 03FE C000y and 03FE EFFF is

provided as a programmable peripheral 1/0 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 553
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).

« 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 8FFB, 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 0000y 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

Internal flash area
(1 MB) +32 KB

(r0o=) 0000 0000H

Fixed
peripheral I/O area
FFFF FOOOH (4 KB)
FFFF EFFFH .32 KB
Internal RAM area
(28 KB)
FFFF 800OH |
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:;g?:?ggidsitr;? e Shortcut | For details see

Processor clock control register PCC

Main system clock mode register MCM “Clock Generator” on

Clock Monitor mode register CLM page 179

Power save control register PSC

Reset source flag register RESF Command register | PRCMD |  “Reset” on page 705

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

Low-voltage detection register LVIM on page 713

On-chip debug mode register OCDM “On-Chip Debug Unit” on
page 723

Example

Note

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)

1. Make sure that the compiler generates two consecutive assembler “store”
instructions to PRCMD and CLM from the associated C statements.

2. Special care must be taken when writing to registers PSC and PRCMD.
Please refer to “Clock Generator” on page 179 for details.

3. Any value can be written to the PRMCD register.

User’s Manual U18743EE1V2UMO00 155



Chapter 3

CPU System Functions

156

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:

e Interrupts:
In order to prevent any maskable interrupt to be acknowledged between the
two write instructions in question, shield this sequence by DI-El (disable
interrupt—enable interrupt).
However, any non-maskable interrupt can still be acknowledged.
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3.6.1

@)

Access
Address

Initial Value

)

Access
Address

Initial Value

Table 3-14

Write protection control registers

The following section describes the registers that control access to write
protected registers.

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 ‘004’ or

the value to be stored to the protected register in the next instruction minimizes
the use of CPU register and the program size.

This register can only be written in 8-bit units.

FFFF F1FCy,.

The contents of this register is undefined.

7 6 5 4 3 2 1 0
L x | x [ x [ x ] x ] x [ x| x |
wooowow o w . w W w W

An invalid write attempt to one of write protected registers sets the error flag
SYS.PRERR.

SYS - System register

The 8-bit SYS register indicates the status of a write attempt to a write
protected register.

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

FFFF F802y.

004. This register is cleared by any reset.

5 4 3 1 0
| | 0 | 0 | 0 | 0 | 0 | 0 |PRERR\
R R R RIW

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 O to it. Setting
this register to 1 by software is not possible.
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Chapter 4 Clock Generator

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

4.1 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

Features summary 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 fyyx

— In PLL (Phase Locked Loop) mode main system clock fyy:
- 8 MHz to 20 MHz with fixed frequency from PLL

» Sub oscillator can be crystal controlled (fxT)
» Two internal internal oscillators (fg = 240 KHz and fry = 8 MHz)

« Internal main system clock generation:
- fxx, fxxlz, fxxl4, fxxls, fxx/16, fxx/32, fXT’ fRL’ fRH

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

« Peripheral clock generation
— fypq to fypy /1024
— fyp1 = fxx Or fypq = fxx /2 selectable by an option byte
« Clock output function (CLKOUT pin)
e 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,
CSIBO, and CAN support

¢ Clock Monitor for main oscillator
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4.1.1 Description
The Clock Generator is built up as illustrated in the following figure.
OB_7A.STOPXTAL
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" e \ ,
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Figure 4-1
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SubOSC

240 KHz internal
oscillator
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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
oscillator

Main system clock
fxx

PLL

1)

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 fxx can be derived from different sources:

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

* 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 fy.

Input clock to the PLL 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| | o

The PLL is started or stopped by PLLCTL.PLLON. For details on the PLL see
also “Controlling the PLL” on page 215.

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

» fygcLk Supplies all remaining parts of the CPU system, like BCU, MEMC,
INTC.

* fepy is derived from fygc| k 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 ~8 MHz Default clock source after reset release.
oscillator

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

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

MainOSC 410 16 MHz CPU system clocks in clock-through mode
PLL up to 20 MHz For maximum performance
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Peripheral base
clock fypy

Prescalerl

®3)

Clock for UARTDn,
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TAAN, MLM

Clock for TMMO

Clock for CANnN

Clock for WT

PCL

CLKOUT

The clock sources MainOSC, PLL and 8 MHz internal oscillator can generate
the master clock fxyx. 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.

Prescaler2, the SubOSC, or the 240 KHz internal oscillator can generate the
CPU core clock (fcpy) and the CPU system clock (fy,gc ). The only difference
between fygc k and fepy is that the latter can be stopped in HALT mode.

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

Peripheral clocks

The middle and right-hand side of Figure 4-1 on page 160 shows how the
clocks for the peripheral modules are generated and distributed.

fyx is the clock source for the peripheral base clock fyp;.

General purpose peripheral clocks are provided by fixed Prescalerl.

This prescaler generates the peripheral clocks (fxp; to fxp1/1024) to be

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

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

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

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

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

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

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

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

Prescaler3 serves as a baud rate generator. It is controlled by the registers
PRSMO and PRSCMO. For details see also “Operation of Prescaler3” on
page 216.

The Clock Generator has a programmable clock (PCL) output.This output can
deliver a fraction of fp| 55 (fp| 55 divided by 4, 8, 16, or 32), which is derived

from fp | o. It is controlled by register PCLM and must be enabled by setting
PCLM.PCLE.

This output provides the CPU system clock fygc k. During the oscillation
stability period, its state becomes Hi-Z.
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Clock for WDT2

(4)

Q)

4.1.2

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 oscillator or MainOSC) is active.

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

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 164.

Summary of clock signals

fx: MainOSC clock is input clock to PLL

Ty SubOSC clock

frL: 240 KHz internal oscillator clock

frH: 8 MHz internal oscillator clock

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

fpLLo: PLL output clock

fpLL: PLL output clock

fyx: Main system clock

fypcLKk: CPU system clock

fepu: CPU core clock (same clock as fygcpk, but stops in HALT mode)

fxp1: Peripheral clock 1 (output of Prescalerl, stops in IDLE1 mode)

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

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

fsc: Sub clock

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 217.
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HALT mode

IDLE1 mode

IDLE2 mode

STOP

Subclock operation

164

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 196 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 f,gc| k- Subclock
source can be the SubOSC (fy) or the 240 KHz internal oscillator (fg, ). The
selection is made by the SUBCLK bit of the option byte 007By,.

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 oscillator, 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 (fXT)

Continues oscillation

(fvecLk)

240 KHz internal oscillator | Stopped Starts oscillation

(fro)

8 MHz internal oscillator Stopped Starts oscillation

(frr)

PLL (feLL0) Stopped

CPU system clock Stopped Starts operation on 8 MHz internal oscillator fgy after

internal oscillator stable.

Peripheral clocks fypq
(and fractions thereof),

fxp2

Stopped Starts operation on 8 MHz internal oscillator fgy after
internal oscillator stable.

Programmable clock
output PCL (fPCL)

Disabled (low level)

System clock output
CLKOUT (fygcLk)

Stopped Output of 8 MHz internal oscillator fgy after internal
oscillator stable. Must be enabled by software.
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4.2

Table 4-3

Clock Generator Registers

registers (the list is sorted according to memory allocation):

Clock Generator register overview

The Clock Generator is controlled and operated by means of the following

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 F30CH

Selector control register 3 SELCNT3 | FFFF F30Ey
Oscillation stabilization time select register | OSTS FFFF F6CO4

PLL lockup time specification register PLLS FFFF F6C1y
Oscillation stabilization timer status register | OSTC FFFF F6C24

Internal oscillator oscillator mode register RCM FFFF F80CH

Power save mode control register PSMR FFFF F820y

PLL lock status register LOCKR FFFF F824y

Processor clock control register PCC FFFF F828y | 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 F870y | PRCMD
Prescaler3 mode register PRSMO FFFF F8BOy
Prescaler3 compare register PRSCMO | FFFF F8B1y

Note 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.

Note

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 135.

In addition to the registers, control bits must be set in the code flash memory
option bytes. For details see “Option Bytes” on page 188.
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The subsequent register descriptions are grouped as follows:
e General clock generator registers:
— “CCLS - CPU operation clock status register” on page 168
— “MCM - Main system clock mode register” on page 169
— “OSTC - Oscillation stabilization timer status register” on page 170
— “OSTS - Oscillation stabilization time select register” on page 171
— “PCC - Processor clock control register” on page 173
— “PCLM - Programmable clock mode register” on page 176
e PLL control registers:
— “LOCKR - PLL lock status register” on page 178
— “PLLCTL - PLL control register” on page 179
— “PLLS - PLL lockup time specification register” on page 180
e Stand-by control registers
— “PSC - Power save control register” on page 181
— “PSMR - Power save mode control register” on page 182
« Prescaler3 control registers:
— “PRSMO - Prescaler3 mode register” on page 183
— “PRSCMO - Prescaler3 compare register” on page 183
e Clock Monitor registers:
— “CLM - Main oscillator Clock Monitor mode register” on page 184
e Selector control registers:
— “SELCNTO - Selector control register 0” on page 185
— “SELCNT?2 - Selector control register 2" on page 186
— “SELCNTS3 - Selector control register 3” on page 187
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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.
7 6 1 0
[ o [ o | | o | o | o | o |[ccLsF|
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 fgc2.

1: Operates on 240 KHz internal oscillator fg, .

3 Subclock fsc is either fyy or fg,, depending on SUBCLK bit of option byte 007B,.

Note

168

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 fygc| k iS changed to internal

oscillator fg, .
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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 135 for details.
Address FFFF F860y.
Initial Value 00y. The register is initialized by any reset.
7 6 5 4 3 2 1 0
[ o [ o ] o[ o] o o | mMcs |mcmo|
R R R R R R R R/W
Table 4-5 MCM register contents
Bit position | Bit name Function
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 fyx:

0: Clock source is the 8 MHz internal oscillator fry (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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(3) OSTC - Oscillation stabilization timer status register
The 8-bit OSTC register indicates the status of the main oscillator.

Access This register is read-only.

Address FFFF F6C2,.

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

7 6 1 0
| 0 | 0 \ \ 0 \ 0 | 0 \ 0 |MSTS|
R R R R

Table 4-6 OSTC register contents

Bit position | Bit name Function

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 00H. 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 1-bit or 8-bit units.

Address FFFF F6CO.

Initial Value 06y. The register is initialized by any reset.

7 6 5 4 3 2 1 0
| 0 | 0 \ 0 \OSTS4\OSTS3| OSTS2 \ OSTS1 \ OSTS0 |
R R R RW RW RW RW RW

Table 4-7 OSTS register contents

Bit position | Bit name Function

Time selection:

OS;I'S4 osTs3 | osTs2 | osTs1 | 0sTso Selfef:tlo.n ofoscnlat]onb
stabilization / setup time

210/tx
21 /ix
212/8x
213/8x
21%78x
215/t
216/tx
217 1ix
218/tx
21%/x
220/tx
22L/tx
Setting prohibited

4100 OSTS[4:0]

Setting prohibited
24/fx
25/fx
2%/fx
271fx
28/fx
2%fx
210/tx
21 /ix
2%2/ix
213/t

FrlrlrlFPlP PP P| PP P rP|lo|lo|o|o|o|o|o|o|o|o| oo
|l r|lr|r|o|lo|lo|lo|o|o|o|o|r|r|r|r|lo|lo|lo|lo|o|lo| oo
o|lo|lo|lo|lr|r|r|lr|lo|lo|lo|o|o|o|o|o|r|r|r|r|lolo|lo|lo
|l r|lo|lo|lr|r|lolo|r|r|lo|lo|r|r|lo|lo|r|r|lo|lo|lr|r|olo
~|lo|lr|lo|lr|lolr|lo|lr|o|lr|lo|lr|lo|r|lo|lr|o|lr|lo|lr|lo|lr|lo

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).
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b) For minimum oscillation stabilization / setup times refer to the Electrical Target Specification.

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 Electrical Target Specification.

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 Electrical Target Specification.

3. If the required oscillation stabilization time of the MainOSC exceeds the
above times, set the value to the required oscillation stabilization time of
the MainOSC.
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(5) PCC - Processor clock control register
The 8-bit PCC register controls the CPU system clock fygci 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 135 for details.
Address FFFF F828.
Initial Value 404. The register is initialized by any reset.
7 6 5 4 3 2 1 0
| FRC | MCK [MFRC| cLs | ck3 | ck2 | cK1 | CKo |
RW RW R/W R R/W R/W R/W R/W
Table 4-8 PCC register contents (1/2)
Bit position | Bit name Function
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 fygcp :
0: Main system clock fyy operation.
1: Subclock fgc operation.
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Table 4-8 PCC register contents (2/2)
Bit position | Bit name Function
3t00 CK[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 fyxl4
0 0 1 1 fyx/8
0 1 0 0 fyx/16
0 1 0 1 fyx/32
0 1 1 X Setting prohibited
1 X X X Subclock fg¢ (fyr or fr)?

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, do not change the set values of the
CK[2:0] bits.

3 Preset in option byte 007B,.

Examples:

main to subclock 1. Confirmation of operating clock: Confirm that the current clock is in main

174

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.

2. Confirmation of CPU clock (fCPU) frequency:
Confirm that fCPU satisfies either of the following conditions.
* When OB7B.SUBLCK = 0, fCPU > subclock oscillation frequency (fXT)
(32.768 kHz) x 4
* When OB7B.SUBCLK = 1, fCPU > low-speed internal oscillation clock
frequency (fRL) (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 CK3 bit.

3. Setting the CK3 bit to “1": Set via bit manipulation instruction. Do not
change the CK2-CKO bits.

4. 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
(fRL)
Read the CLS bit and confirm that the operation has been switched to the
subclock or low-speed internal oscillation operation.

5. Setting the MCK bit to "1": Set the MCK bit = 1 to stop the main oscillator
operation.
Caution: Stop PLL/SSCG before stopping the main oscillator operation. In
addition, stop the operation of internal peripheral functions which operate
at the main clock frequency.
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subclock to main

Caution

1.
2.

3.

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
(fRL)

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

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.
7 6 5 4 3 2 1 0
[ o [ o | o [pce] o | o | Pcki | PcKo |
R R R R/W R R R/W R/W
Table 4-9 PCLM register contents
Bit position | Bit name Function
4 PCLE PCL enable:
0: PCL disabled (PCL pin is fixed to low level).
1: PCL enabled.
1t00 PCK[1:0] | PCL clock frequency selection:
PCK1 PCKO PCL output clock
0 0 frcL=fpLLo/4
0 1 frcL=fpLLo/8
1 0 fecL= fpLLO/16
1 1 fecL= fpLL0/32
Note A PCL clock is only output when the PLL is in locked status.

176

User’s Manual U18743EE1V2UMO0




Clock Generator

Chapter 4

(7) 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 F80Cy.
Initial Value 80y. The register is initialized by any reset.
7 6 5 4 3 2 1 0
[Rsts| o | o [ o | o | 0 [|HRSTOP|RSTOP |
R R R R R R R/W R/W
Table 4-10 RCM register contents
Bit position | Bit name Function
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 Clock Generator's 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 01p. The register is initialized by any reset.
7 6 1 0
[ o [ o | | o | o | o | o |[LocK|
R R R R
Table 4-11 LOCKR register contents
Bit position | Bit name Function
0 LOCK PLL lock status check:

0: Locked status.

1: Unlocked status

Set conditions

Clear conditions

178

Note

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

* Upon system reset. This register is set to 01 by reset and cleared to 004
after the reset has been released and the oscillation stabilization time has
elapsed.

e 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).

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

« 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.

« 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.

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.
7 6 5 4 3 2 1 0
[ o [ o | o [ o | o | o0 [SELPLL{PLLON |
R R R R R R R/W R/W
Table 4-12 PLLCTL register contents
Bit position | Bit name Function
1 SELPLL | Main system clock fyx mode selection:
0: Clock-through mode (fxx is MainOSC fy or 8 MHz internal oscillator fry clock,
depending on MCM.MCMO).
1: PLL mode (fxx 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 setto 1 only

—if the PLL clock frequency has stabilized

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

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

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

2. When the PLLON bit is cleared to 0, the SELPLL bit is automatically
cleared to O (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.
7 6 3 2 1 0
[ o [ o | o [ o | o |PLs2/|PLLSL | PLLSO |
R R R/W R/W R/W
Table 4-13 PLLS register contents
Bit position | Bit name Function
2100 PLLS[2:0] | PLL lockup time selection:
PLLS2 PLLS1 PLLSO Lockup time
0 1 0 212/t
0 1 1 213/t (default value)
1 0 0 28y

Note

Caution

180

For the exact lockup time, refer to the Electrical Target Specification.

Do not change the setting of the PPLS register during the PLL lock-up time.
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4.2.3

@)

Access

Address

Initial Value

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 155 for details.

FFFF F1FEy.
004. The register is initialized by any reset.

7 6 5 4 3 2 1 0
| 0 |NM|1M \ NMIOM \ INTM \ 0 | 0 \ STP | 0 |
R RW RW RW R R RIW R

PSC register contents

Bit position

Bit name

Function

6

NMI1IM

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.

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.

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.

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 135.

Entering a power save mode requires some attention, refer to “Power save
mode activation” on page 213.

Entering a power save mode requires special attention, refer to “Power save
mode activation” on page 213.
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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.

7 6 5 4 3 2 1 0
| 0 | 0 \ 0 \ 0 \ 0 | 0 \ PSM1 \ PSMO |
R R R R R R RW  RW

Table 4-15 PSMR register contents

Bit position | Bit name Function
1to0 PSM[1:0] | Specification of operation in software stand-by mode:
PSM1 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.

3 Sub-IDLE mode is entered if the processor is in subclock mode (clocked by fyt or frL)-

For information on these modes, refer to “Power save modes description” on
page 196.
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4.2.4

1)

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 216.

PRSMO - Prescaler3 mode register
The PRSMO register controls the Prescaler3 operation.

Access This register can be read/written in 8-bit units.
Address FFFF F8BO0y.
Initial Value 00y. This register is cleared by any reset.
7 6 5 4 3 2 1 0
[ o | o | o [seceof o | o [Becsor|Becsoo |
R R R R/W R R R/W R/W
Table 4-16 PRSMO register contents
Bit position | Bit name Function
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. Setthe BGCSO[1:0] bits before setting the BGCEO bit to 1.
3. Setthe PRSMO0 and PRSCMO registers according to the main clock
frequency that is used to obtain an fgrg frequency of 32,768 KHz.
(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
|PRSCM7|PRSCM6|PRSCM5|PRSCM4|PRSCM3| PRSCM2 | PRSCM1 | PRSCMO |
RW RW RW RW RW RW RIW RIW
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Note 1. Do not rewrite the PRSCMO register during Watch Timer operation.
2. Setthe 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 216.

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 135 for detalils.

Address FFFF F8704.

Initial Value 00y. This register is cleared by any reset.

7 6 2 1 0
| 0 | 0 | | | 0 | 0 | 0 | CLME |
R R R RIW

Table 4-17 CLM register contents

Bit position Bit name Function

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 TAAnN,
TMMO and serial interfaces UARTDn, CANnN.

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 F308.
Initial Value 004. The register is initialized by any reset.
* VB850ES/FE3-L
» VB50ES/FF3-L
7 6 5 4 3 2 1 0

[1sEo7 | o | o [isELo4fisELos]IsELo2| o |ISELOO |
R/W R R R/W R/W R/W R R/W

» VB50ES/FG3-L

7 6 5 4 3 2 1 0

[1sEL07 | o [isELos|isEL04ISELO3| ISELO2 | 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
Bit position | Bit name Function
7 ISELO7 | Selection of count clock for TMMO:
0: Clock = fxp1/512.
1: Clock = fRH/8.
6t00 ISELOQ[6:0] | Refers to TAAN.
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(2) SELCNT?2 - Selector control register 2
The 8-bit SELCNT?2 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 F30Cy.
Initial Value 00y. The register is initialized by any reset.
7 6 5 4 3 2 1 0
[ 1sEL27 | I1SEL26 [1SEL25 [ISEL24 ISEL23| 1SEL22 | 1SEL21 | ISEL20 |
R/W R/W R/W R/W R/W R/W R/W R/W
Table 4-19 SELCNT2 register contents
Bit position | Bit name Function
7 ISEL27 Selection of UARTD1 clock:
0: Clock = fypq. The clock that stops in the IDLE1 mode.
1: Clock = fyp,. The clock that does not stop in the IDLE1 mode.
6 ISEL26 Selection of UARTDO clock:
0: Clock = fXPl'
1: Clock = fxpz.
5 ISEL25 Selection of CANO clock:
0: Clock = fXPl'
1: Clock = fxc.
4 ISEL24 Selection of TAA4 counter clock:
0: CIOCk = fxpl.
1: CIOCk = fxpz.
3 ISEL23 Selection of TAA3 counter clock:
0: Clock = fXPl'
1: Clock = fxpz.
2 ISEL22 Selection of TAA2 counter clock:
0: Clock = fXPl'
1: Clock = fxp2.
1 ISEL21 Selection of TAAL counter clock:
0: CIOCk = fxpl.
1: CIOCk = fxpz.
0 ISEL20 Selection of TAAO counter clock:
0: Clock = fXPl'
1: Clock = fxpz.
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Access

Address

Initial Value

Note

Table 4-20

SELCNT3 - Selector control register 3
The 8-bit SELCNT3 register is used to specify the clocks for UARTD2.

This register can be read/written in 8-bit or 1-bit units.
FFFF F30E.
004. The register is initialized by any reset.

* V850ES/FG3-L

7 6 5 4 3 2 1
| 0 | 0 | 0 | 0 | 0 |ISEL32| 0 | 0 |
R R R R R RIW

“R” bits marked with “0” must not be changed from their default value “0".

SELCNT3 register contents

Bit position | Bit name

Function

2 ISEL32

Selection of UARTD?2 clock:
0: Clock = fXPl'
1: Clock = fxpz.
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4.3

Note

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.

In the following only the Clock generator related option bytes settings are
described. For a complete overview refer to “Flash Mask Options” on
page 285.
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4.3.1 Option byte 0000 007AH
Address 0000 007A.
7 6 5 4 3 2 1 0
[sTopxTAL|sTOPRCZ| 0 | 0 | | 0 [woTmD1 | 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 | PLLIL | PLLIO |

Note Bits marked with “0” must not be changed from their value “0".

Table 4-22  Setting of option byte 0000 007By

Bit position | Bit name Function

7 SUBCLK | Clock source in subclock operating mode:
0: SubOSC selection.
1: 240 KHz internal oscillator selection.

LATENCY | refer to “Flash Mask Options” on page 285

PLLO PLL output clock fp|  and fyyp Selection:

PLLO fxmpLL fpLL
0 (setting prohibited) feLLO feLLo
1 frLLo/2 fpLLo/2
2 PRSI Divider Setting for peripheral clocks fyp; and fxpo:

0: fxp1, fxp2 = fxx
1: fxp1s fxp2 = fxx /2

1to0 PLLI[1:0] | PLL input clock frequency selection:
PLLI1 PLLIO PLL input clock
0 0 feLu = fx
0 1 fPLL| = fx/2
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 191
« “Operation state transitions” on page 192

« “Power save modes description” on page 196

« “Available clocks in power save modes” on page 211

e “Controlling the PLL" on page 215

« “Watch Dog Timer Clock” on page 215

e “CLKOUT function” on page 215

« “Operation of Prescaler3” on page 216

e “Operation of the Clock Monitor” on page 217

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 fygc| k-

Table 4-23 CPU system clock settings

CCLS.CCLSF| PCC.CLS | PLLCTL.SELPLL | MCM.MCMO Opg&'é%yl_tﬁ %?ZB: Operation Clock
0 0 8 MHz internal oscillator
(Main 0 (8 MHz internal clock operation
system (Clock-through | oscillator mode) a
clock mode) X . ,
- MainOSC clock operation
operation
0 mode) 1 (PLL mode) PLL operation
_1 0 SubOSC clock operation
1 (MainOSC | (subOSC mode)
(Subclock X mode) - -
operation 1_ 240 KHz |nte_rnal oscillator
mode) (249 KHz internal | clock operation (Sub)
oscillator mode 2)
1 i 240 KHz internal oscillator
clock operation (Security)
Other than above Setting prohibited

8  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)

8 MHz internal )
oscillator operation /, /

----------------- Oscillation
stabilization wait

<
_ Each STBY N
B \ - (HALT/IDLE1/IDLE2/ J
-7 \ e X1 main Software STOP) e
Ve 1 / g
/z oL , ) I c:gi(ithrgl;\%h /,,'
operation \ = P
e (PLL = ON) 7 e Note 1 _-=TIIz=E==l]
S ;o T T—2zseo A___ > N Ssal
/7 // ¢ \\\
/ ~.
/ ,// X1 main through \\
/ Each STBY yd j (PLL = OFF) "
! (HALT/IDLE1/IDLE2/ d | N
! Software STOP) P v \ \\
i P \ \
\ e i \ \
N 7 S‘fﬁfi‘igi}')"” \ Each STBY \
Y - (PLL = ON) . (HALT/IDLE1/IDLE2/ ‘\‘
"""" STBY (Sub IDLE only) Yy N, Seiiivee Sel) !
(X1 = ON) N /
(PLL = ON) Note 2 SUB operation \\\\ /!
(X1 = ON) Ssoo 7
A 4 (PLL = OFF) S~ .
SUB operation N\g&~ @ —— X Tmm==7
(X1 = OFF)
(PLL = OFF)
STBY (Sub IDLE only) STBY (Sub IDLE only)
(X1 = OFF) (X1 = ON)
(PLL = OFF) (PLL = OFF)

Figure 4-2 Operation state transition diagram

Note 1. 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)

HALT mode

Software STOP mode

X1=0N, PLL=0ON X1=OFF, PLL = OFF

IDLE1 mode IDLE2 mode

X1=0N, PLL=0N X1=0N, PLL = OFF

Figure 4-3 Stand-by transition from PLL operation (PLL = ON)

Note 1. After the 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
(PLL = ON)

HALT mode

Software STOP mode

X1=0N, PLL=0N X1 = OFF, PLL = OFF

IDLE1 mode IDLE2 mode

X1=0N, PLL=0N X1=0N, PLL = OFF

Figure 4-4 Stand-by transition from x1 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 main clock-through operation (with PLL off)

X1 main clock-through mode
(PLL = OFF)

HALT mode

Software STOP mode

X1=0N, PLL = OFF X1=OFF, PLL = OFF

IDLE1 mode IDLE2 mode

X1=0N, PLL = OFF X1=0N, PLL = OFF

Figure 4-5 Stand-by transition from x1 main clock-through operation (PLL = OFF)

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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(4) Status transition to / from subclock operation

Normal operation mode
(main clock operation)

Subclock
operation
setting

Main clock
operation
setting

Subclock o

peration mode

IDLE mode
setting

Y

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 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 and
flash memory are stopped, in the subclock operation mode

During power save
mode

Wake-up signals

196

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.

« All input pins remain as input pins.
« Allinput 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.
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« Maskable interrupts
— any unmasked maskable interrupt
Note that not all these signals are available in all power save modes.

Note In the following tables the clock status “operates” does not necessarily mean
that the functions that use this clock source are operating as well.

(1) 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.

Entering HALT When the HALT instruction is executed in the normal operation mode, the
mode HALT mode is set.
Insert five or more NOP instructions after the HALT instruction.

Note 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.

HALT mode status The following table shows the operation status in the HALT mode.

Table 4-25 Controller status in HALT mode (1/2)

Working condition
Without Subclock | With Subclock
MainOSC (fy) Oscillation enabled
SubOSC (fy7) - |Osci|lati0n enabled

240 KHz internal oscillator (fg )| Oscillation enabled

8 MHz internal oscillator (fry) |Oscillation enabled

PLL (feLL0) Operable
CPU Stops operation

Port function Holds status before HALT mode is set
Timer/counter TAAO -TAA4 | TAAO, 2, and 4: Operable Operable

TAAL and 3: Operable, when other than
fxT is selected as the count clock

TMMO Operable, when other than fy is Operable
selected as the count clock
Watch Timer (WT) Operable
Watchdog Timer (WDT2) Operable
AD converter Operable

Serial Interface  |UARTDO-2 |Operable
CSIBO-1 Operable
11IC00 Operable
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Table 4-25 Controller status in HALT mode (2/2)
Working condition
Without Subclock | With Subclock

CAN Controller(CANO) Operable

Interrupt Controller Operable

Key interrupting function Operable

Clock Monitor Operable

Power-On-Clear circuit Operable

Low-Voltage Detector Operable

Voltage Regulator Operation continues

Internal data The CPU registers, states, data and all other internal data such as the contents of

the internal RAM are retained as they were before HALT mode was set

Leaving HALT mode

Table 4-26

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.

(@) 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:

 If an interrupt request signal having a priority lower than that of the interrupt
request currently being serviced is generated, the HALT mode is released,
but the interrupt request with the lower priority is not acknowledged. The
interrupt request signal itself is held.

« If an interrupt request signal (including a non-maskable interrupt request
signal) having a priority higher than that of the interrupt request currently
being serviced is generated, the HALT mode is released, and this interrupt
request signal is acknowledged.

Operation after HALT mode is released by interrupt request signal

Releasing Source Interrupt Enabled (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.
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(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

Table 4-27

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.

Controller status in IDLE1 mode (1/2)

Working condition
Without Subclock | With Subclock

MainOSC (fy)

Oscillation enabled

SubOSC (fXT)

- |Osci|lation enabled

240 KHz internal oscillator (fg )| Oscillation enabled

8 MHz internal oscillator (fry) |Oscillation enabled

PLL (fpLL0)

Operable

CPU

Stops operation

Port function

Holds status before IDLE1 mode is set

Timer/counter

TAAO -TAA4 |Operable, if fyp, is selected as the count| TAAOQ, 2, and 4: Operable, if fypo is

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

TMMO Operable, if fry/8 , fr /8 iIr INTWT is Operable if fg/8, fr /8, INTWT or fyy is
selected as the count clock selected as count clock.
Watch Timer (WT) Operable, if clocked by Prescaler3 Operable
Watchdog Timer (WDT2) Operable

AD converter?

Stops operation

Serial Interface

UARTDO-2 |UARTDO: Operable if either fyp, or ASCKDO is selected input clock

UARTD1-2: Operable if fyp, is selected as operation clock.

CSIBO-1

Operable, if SCKBn is selected as input clock.

11IC00

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

a)

Only when setting the ISELxx bit =1 (fxp,), the count operation by fy+ is also possible.
b)

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

Leaving IDLEL The IDLE1 mode is released by a non-maskable interrupt request signal (NMI
mode pininput 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.

Note 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 31.

When the IDLE1 mode has been released, the normal operation mode is
restored.
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Table 4-28

(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:

« If 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.

 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 IDLE1 mode is released, and this interrupt
request signal is acknowledged.

Operation after IDLE1 mode is released by interrupt request signal

Releasing Source Interrupt Enabled (El) Status Interrupt Disabled (DI) Status

request signal

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

Maskable interrupt
request signal

Execution branches to the handler address, | The next instruction is executed.
or the next instruction is executed.

@)

Entering IDLE2
mode

Note

(b) Releasing by RESET input

The operation is the same as the normal reset operation.

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.

The IDLE2 mode is set when the PSM1 and PSMO bits of the PSMR register
are set to “10” and the STP bit of the PSC register is set to 1 in the normal
operation mode.

Insert five or more NOP instructions after the store instruction that manipulates
the PSC register to set the IDLE2 mode.
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IDLE2 mode status

The following table shows the operation status in the IDLE2 mode.

Table 4-29 Controller status in IDLE2 mode

Working condition

Without Subclock | With Subclock

MainOSC (fy)

Oscillation enabled

SubOSC (fXT)

- |Osci|lation enabled

240 KHz internal oscillator (fgz )| Oscillation enabled

8 MHz internal oscillator (fry)

Oscillation enabled

PLL (fpLL0)

Stops operation

CPU

Stops operation

Port function

Holds status before IDLE2 mode is set

Timer/counter  |TAAO -TAA4 |Stops operation
TMMO Operable if fr/8, fr /8 or INTWT is Operable if fr/8, fr /8, INTWT or fy is
selected as count clock. selected as count clock.
Watch Timer (WT) Operable, if clocked by Prescaler3 Operable
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.

11IC00 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
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

3 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 pininput or INTWDT2 signal), unmasked external interrupt request signal,
unmasked internal interrupt request of a peripheral function that can operate in

202

the

IDLE2 mode, or reset signal.

When the IDLE2 mode has been released, the normal operation mode is
restored.

Note 1.

Interrupt request signals that are disabled by the NMI1M, NMIOM, and
INTM bits of the PSC register are invalid and do not release the IDLE2
mode.

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 31.
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(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.

(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 / f.
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IDLE mode
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Interrupt
request

Figure 4-7

(4)

Entering STOP
mode

STOP mode status

Table 4-31

(( ((
1) 1)

ROM circuit stops. Counting of setup time

IDLE2 mode timing

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 oscillator, 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 “01” or “11”, and the STP bit of the PSC register is setto 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.

Controller status in STOP mode (1/2)

Working condition

Without Subclock | With Subclock

MainOSC (fy)

Stops operation

SubOSC (fy7)

- | Oscillation enabled

240 KHz internal oscillator (fg ) Oscillation enabled

8 MHz internal oscillator (fry) | Stops operation

PLL (fpLL0)

Stops operation

CPU

Stops operation

Port function

Holds status before STOP mode is set
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Table 4-31 Controller status in STOP mode (2/2)
Working condition
Without Subclock | With Subclock
Timer/counter | TAAO -TAA4 | Stops operation
TMMO Operable if fBRG (clock of dividing Operable if fr /8, INTWT or fxt is

frequency of Prescaler3) is selected as | selected as count clock.

count clock.
Watch Timer (WT) Stops operation Operable if fyt is selected as count

clock.

Watchdog Timer (WDT2)

Operable if fz| is selected as count clock.

AD convertor

Stops operation

Serial Interface

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

CSIBO-1 Operable, if SCKBn is selected as input clock.

11IC00 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

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

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.

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.

Note 1.

@)

Interrupt request signals that are disabled by the NMI1M, NMIOM, and
INTM bits of the PSC register are invalid and do not release the STOP
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 31.

Release by non-maskable interrupt request or unmasked maskable
interrupt request
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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.

« If 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.

Table 4-32 Operation after STOP 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
oscillation stabilization time has elapsed.

Maskable interrupt request signal

Execution branches to the handler
address, or the next instruction is
executed after the oscillation
stabilization time has elapsed.

The next instruction is executed
after the oscillation 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:

« 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.

MainOSC '

Mt=s A VAVAVAVA
Main clock |||||||||

A AVACAVAVAVAVAVAVAVAVAN

Uyt

STOP mode
status

Interrupt
request

|
!
I<— STOP mode —>I<— OSC start —>I< OSC setup time »

Figure 4-8 STOP mode timing for main clock operation
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(c) Releasing by RESET input

The operation is the same as the normal reset operation.

(5) Subclock operation mode

When the subclock operation mode is set, the CPU system clock fygc Lk 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 007By.

Check that the CPU system clock has been changed by using the CLS bit of
the PCC register.

When the MCK bit of the PCC register is set to 1, the operation of the main
clock oscillator is stopped. Consequently, the entire system operates on the
subclock.

In the subclock operation mode, the subclock is used as the CPU system
clock, so that the current consumption can be reduced from that in the normal
operation mode. In addition, a current consumption close to that in the STOP
mode can be achieved by stopping the operation of the main clock oscillator.

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

Note 1. Changing the value of the CK2 to CKO bits of the PCC register is prohibited
when the CK3 bit is manipulated (0 to 1 or 1 to 0). 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 173.

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

Subclock mode The following table shows the operation status in subclock mode.
status

Table 4-33 Controller status in subclock mode (1/2)

Working condition

With MainOSC operating | With MainOSC stopped
MainOSC (fy) Oscillation enabled
SubOSC (fy) Oscillation enabled

240 KHz internal oscillator (fg ) Oscillation enabled

8 MHz internal oscillator (fry) | 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 fyt is selected as count
clock.

Watchdog Timer (WDT2) Operable Operable if fz|_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

CSIB0O-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.

Note

Leaving subclock

208

mode

Note

(6)

1. When stopping the main clock, be sure to stop the PLL (by clearing the
PLLON bit of the PLLCTL register to 0).

2. 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.

The subclock operation mode is released by clearing the CK3 bit to O or by a
reset signal.

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 173.

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 31.

When the main clock is stopped (PCC.MCK = 1), clear the MCK bit to 0,
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.

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
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Entering sub-IDLE

mode

Note

Sub-IDLE mode

status

Table 4-34

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.

Controller status in sub-IDLE mode

Working condition

When main clock oscillator oscillates| When main clock oscillator stops

240 KHz internal oscillator (fg ) Oscillation enabled

8 MHz internal oscillator (fry) | 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 fxt is selected as count clock.
Watch Timer (WT) Operable Operable if fxt is selected as count
clock.
Watchdog Timer (WDT2) Operable Operable if fz| 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

CSIBO0-1

Operable if SCKBn input clock is selected as operation clock.

11IC00

Stops operation

CAN Controller (CANO-3)

Stops operation

Interrupt Controller

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

Key interrupting function Operable
Clock Monitor Operable
Power-On-Clear circuit Operable
Low-Voltage Detector Operable

Voltage Regulator

Operation continuous

Internal data

The CPU registers, statuses, data and all other internal data such as the contents
of the internal RAM are retained as they were before Sub IDLE mode was set

a) Stop the PLL (PLLCTL.PLLON = 0) when you stop the main clock oscillation circuit.
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Leaving sub-IDLE
mode

Note

Table 4-35

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 31.

(@) 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.

« If 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.

 If an interrupt request signal (including a non-maskable interrupt request
signal) having a priority higher than that of the interrupt request currently
being serviced is generated, the sub-IDLE mode is released, and this
interrupt request signal is acknowledged.

Operation after sub-IDLE 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.

210

(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
: fxfferir| fxr | fre | fru | feue | f
Operatlon status £ XX fXPl fVBCLK fch fxp2 fXC
Note2 |Note2 | Note2 [ Note2 PCL
Reset period X (@) X X X X X X X X X
From reset release to
8 MHz internal oscillator setup x © o o X © x X x X X
Run enable | O |[enable] O |enable| O O O O O |enable
HALT mode enable | O |enable| O |enable|] O (@] (@] X O |enable
8 MHz IDLE1 mode enable | O |enable| O |enable| X X X X (e} X
internal oscillator STOP mode X O |enable| X X X X X X X X
Notel
From STOP
rele.ase. to enable | O |enable| O X (@] X X X O |enable
oscillation
stabilization
Run (@] O |enable|enable [enable| O O O O (@] (0]
HALT mode (e} O |enable |enable |enable| O (@] (@] X (e} (@)
IDLE1 mode (@] O |enable |enable |enable| X X X X (@] X
IDLE2 mode (@] O |enable|enable| X X X X X X X
Ma,.\llgt(ngC From IDLE2 (e} 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
r6|e.asej to (e} O |enable|enable| X X X X X X X
oscillation
stabilization
Run (@] O |enable|enable| O O O O O (@] O
HALT mode (@] O |enable|enable| O (@] (@] (@] X (e} (@)
IDLE1 mode (@] O |enable|enable| O X X X X (@] X
IDLE2 mode (@] O |enable|enable| X X X X X X X
E(I)_tg{ rel':gsrz Itlc::I;I(Eetzup (e} O |enable|enable| X X X X X X X
STOP mode X O |enable| X X X X X X X X
From STOP
r6|e.asej to (e} O |enable|enable| X X X X X X X
oscillation
stabilization
SubOSC Run enable | O [enable |enable | enable | enable | enable (@] O |enable | enable
Notel IDLE mode enable | O |enable|enable|enable| X X X X X X
240 KHz Run enable | O O |enable | enable | enable | enable (@] O |enable | enable
internal oscillator-
Sub Notel HALT mode enable | O O |enable |enable| X X X X X X
240 KHz Run - (@] O |enable| - |enable|enable| O O |enable |enable
internal oscillator-
Sﬁgt'glity HALT mode - (@] 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:

fy: MainOSC clock

fxr: SubOSC clock

frL: 240 KHz internal oscillator clock
frH: 8 MHz internal oscillator clock
foLL: PLL output clock

fecL: Programmable clock output

fyx: Main system clock

fyecLk: CPU system clock

fepu: CPU core clock

fxp1: Peripheral clock (Prescalerl)
fxpa: Clock for UARTD, TAA

fxc: Clock for CAN
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4.4.5

@)

)

Example

Power save mode activation

In the following procedures are described how to securely entering a power
save mode.

HALT mode
For entering the HALT mode proceed as follows:

1. Mask all interrupts which shall not have wake-up capability by
xxXIC.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.

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 IMRmM.xxMK = 0 (refer to “IMRm - Interrupt mask registers” on
page 240).

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. ltis 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

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.
3. Il xxIC.xxMK = 0 // mask all none wake-up interrupts
4. Il xXIC.xxMK = 1 // unmask all wake-up interrupts
5. di
6. mov 0x02,r10
7. st.b 10,PSMR([r0] /l PSMR.PSM[1:0] = 10B: IDLE2 mode
8. mov 0x62,r10
9. st.b r10,PRCMDI[r0] // enable write to PSC
10. stb r10,PSC[r0] /l wake up by maskable interrupts
[/l and enter power save mode
11. nop
12.  nop
13. nop
14.  nop
15. nop
16. /I after wake-up
17. /I xxIC.xxIF =0 /l discard all unwanted pending interrupts
18. i

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
IMRmM.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:

« STOP mode: Oscillation stabilization time > PLL lockup time
* IDLE2 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 WDT?2 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 (fygc k) 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 fggg by dividing the main oscillator output
signal fy.
(1) Description
Prescaler3 consists of a clock divider, a counter, and a comparator.
fx

216

3-bit prescaler

x/8
x/4
x/2
fx

8-bit counter

Selector

Match Output fare
control

Figure 4-9

)

Example

Prescaler compare register0
(PRSCM0)

[ BGCED | BGCS01][BGCS00] Prescaler mode register 0 (PRSMO)

Prescaler3 Block Diagram

Calculation

The relation between the main oscillator clock (fy), prescaler clock divider
selection PRSM0.BGCSO[1:2], PRSCMO0 compare register value, and output
clock fgrg is as follows:

farg = fx / (2™ x N x 2)
where
farg = output clock frequency
fyx = input clock frequency

m = BGCSO0[1:0] value (0 to 3)
N = PRSCMO register value (1 to FFy). If PRSCMO0 = 004: N = 256

f

fx =4 MHz

m=0

N = 3Dy
then

fBRG = 32,787 KHz

User’s Manual U18743EE1V2UMO0



Clock Generator

Chapter 4

4.4.10 Operation of the Clock Monitor

The Clock Monitor samples the main clock by using the on-chip 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 ————

240 KHz internal
oscillator fru

—>

Enable/disable

RESCLM
(Internal RESET
signal)

| 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 on-chip 240 KHz internal oscillator (fg).

The RESCLM reset signal is generated when the MainOSC clock fails.

Table 4-37

internal oscillator operation)

Operation status of Clock Monitor (when CLM.CLME Bit =1, during

CPU system clock Operation mode Status of Status of internal Status of Clock
fyBcLK P MainOSC oscillator Clock Monitor
Main clock HALT mode Oscillates Oscillates? Operatesb
IDLE1 mode, IDLE2 | Oscillates Oscillates? Operatesb
mode
STOP mode Stops Oscillates? Stops
Subclock (MCK bit of | Sub-IDLE mode Oscillates Oscillates? Operatesb
PCC register = 0)
Subclock (MCK bit of | Sub-IDLE mode Stops Oscillates? Stops
PCC register = 1)
During reset - Stops Stops Stops

a)

oscillator can be stopped’ is specified by an option function.

b)
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The Clock Monitor is stopped when the internal oscillator is stopped.

Internal oscillator can be stopped by setting the RSTOP bit of the RCM register to 1 only when ’internal
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)

@)

Main clock

Internal oscillator
clock

Internal reset
signal

T

—

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.

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

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 oscillator clocks

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.
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CPU Norm_al
operation _operation

Software STOP

Oscillation stabilization time

Normal operation

Main clock

WL ___

Internal oscillator
clock

Oscillation stops

Oscillation stabilization time
(set by OSTS register)

JUUUUBUUTARRRRTLOU,

CLME

Clock monitor

status During
monitor

Monitor stops

During monitor

Figure 4-12 Operation in STOP mode or after STOP mode is released

(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

WL ___

Internal oscillator
clock

Oscillation stops

UL

Oscillation stabilization time
(set by OSTS register)

00

CLME

Clock monitor

status During
monitor

Monitor stops

Monitor stops

During monitor

Figure 4-13 Operation When Main Clock Is Stopped (Arbitrary)
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(6)

Main oscillator
stopped

Internal oscillator
stopped

220

Operation during and after power save modes

If the main oscillator is stopped, the Clock Monitor changes to stand-by. When
the main oscillator is restarted after power save mode release, the Clock
Monitor restarts automatically.

When the 240 KHz internal oscillator is stopped, the Clock Monitor’s operation
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

e Interrupts
— Non-maskable interrupts: 2 sources

— Maskable interrupts:

Maskable V850ES/FE3-L
interrupts V850ES/FF3-L

Internal 39 42
External 8 11

V850ES/FG3-L

— 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)

« Exceptions
— Software exceptions: 2 channels with each 16 sources
— Exception traps: 2 sources (illegal opcode exception and debug trap)
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Note 1. Default priority: The priority order when two or more maskable
Interrupt/Exception Source .
Tyoe - Default | Exception Handler | Restored
P Name il Generating Source Generaling | priority | Code Address PC
Register Unit
Reset RESET - Reset input by internal source RESET - 0000H | 00000000H | undef.
Non- NMI - NMI pin valid edge input Pin - 0010H | 00000010H | nextPC
maskable Fymyprs |- WDT2 overflow WDT2 - | 00204 | 00000020H | nextpC
Softwa.re TRAPON - TRAP instruction ~ ~ 004nH | 00000020H | nextpC
exception |(n=0toFy)
TRAPIn - TRAP instruction ~ _ 00504 | 000000508 | nextpc
(n=0toFy)
Exception |ILGOP/ - lllegal opcode/DBTRAP instruction ~ ~ 00604 | 00000060H | nextpc
trap DBGO
Maskable | INTLVIL LVILIC Low voltage detection
(voltage falling below reference POCLVI 0 0080H | 00000080H | nextPC
level)
INTLVIH LVIHIC Low voltage detection
(voltage rising above reference POCLVI 1 0090H | 00000090H | nextPC
level)
INTPO PICO External interrupt 0 Pin 2 00AOH | 000000A0H | nextPC
INTP1 PICL External interrupt 1 Pin 3 00BOH | 000000BOH | nextPC
INTP2 PIC2 External interrupt 2 Pin 4 00COH | 000000COH | nextPC
INTP3 PIC3 External interrupt 3 Pin 5 00DOH | 000000DOH | nextPC
INTP4 PIC4 External interrupt 4 Pin 6 00EOH | 000000EOH | nextPC
INTP5 PIC5 External interrupt 5 Pin 7 00FOH | 000000FQH | nextPC
INTP6 PIC6 External interrupt 6 Pin 8 0100H | 00000100H | nextPC
INTP7 PICT External interrupt 7 Pin 9 0110H | 00000110H | nextPC
INTTAAOOV | TAAOQVIC | TAAO overflow TAAO 15 0170H | 00000170H | nextPC
INTTAAOCCO | TAAOCCICO | TAAO capture 0/ compare 0 match TAAOQ 16 0180H | 00000180H | nextPC
INTTAAOCCL | TAAOCCIC1 | TAAO capture 1/ compare 1 match TAAO 17 0190H | 00000190H | nextPC
INTTAALOV | TAALOVIC | TAAL overflow TAA1L 18 01A0H | 000001A0H | nextPC
INTTAALCCO | TAALCCICO | TAAL capture 0/ compare 0 match TAAL 19 01BOH | 000001BOH | nextPC
INTTAAICC1 | TAALCCIC1 | TAAL capture 1/ compare 1 match TAAL 20 01COH | 000001COH | nextPC
INTTAA20V | TAA20VIC | TAA2 overflow TAA2 21 01DOH | 000001DOH | nextPC
INTTAA2CCO | TAA2CCICO | TAA2 capture 0/ compare 0 match TAA2 22 01EOH | 000001EOH | nextPC
INTTAA2CC1 | TAA2CCIC1 | TAA2 capture 1/ compare 1 match TAA2 23 01FOH | 000001FOH | nextPC
INTTAA30V | TAA3QVIC | TAA3 overflow TAA3 24 0200H | 00000200H | nextPC
INTTAA3CCO | TAA3CCICO | TAA3 capture 0/ compare 0 match TAA3 25 0210H | 00000210H | nextPC
INTTAA3CC1 | TAA3CCIC1 | TAA3 capture 1/ compare 1 match TAA3 26 0220H | 00000220H | nextPC
INTTAA4OV | TAAJQVIC | TAA4 overflow TAA4 27 0230H | 00000230H | nextPC
INTTAA4CCO | TAAACCICO | TAA4 capture 0/ compare 0 match TAA4 28 0240H | 00000240H | nextPC
INTTAA4CCL | TAAACCIC1 | TAA4 capture 1/ compare 1 match TAA4 29 0250H | 00000250H | nextPC
INTTMOEQO | TMOEQICO | TMMO compare match TMMO 30 0260H | 00000260H | nextPC
INTCBOR CBORIC CSIBOIreceptlon completion / CSIBO 31 02704 | 000002700 | nextpC
reception error
INTCBOT CBOTIC CS_IBO consecutive transmission CsIBO 39 02804 | 000002808 | nextpC
write enable
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Interrupt/Exception Source .
Type p—— . — FD’gfant Exception Handler Restored
Name Register Generating Source U riority | Code Address PC

Maskable |INTCBIR CBIRIC :ZeSCLBplti;?]c:Frt;(:n completion / CsiB1 33 0290H | 000002904 | nextpc
INTCBIT CBITIC ;ﬁlzlerc]zglseecutive transmission CsiBl 34 02A0H | 000002404 | nextpcC

INTUDOS uDosIC UARTDO status interrupt UARTDO 35 02BOH | 000002BOH | nextPC

INTUDOR UDORIC UARTDO reception completion UARTDO 36 02COH | 000002COH | nextPC

INTUDOT uboTIC leJ::leeDO consecutive transmission UARTDO 37 02004 | 00000200H | nextpc

INTUD1S UD1SIC UARTD1 status interrupt UARTD1 38 02EOH | 000002EOH | nextPC

INTUDIR UDIRIC UARTD1 reception completion UARTD1 39 02FOH | 000002F0H | nextPC

INTUDIT ubtTIC leJ::leeDl consecutive transmission UARTD1 10 03004 | 000003004 | nextpc

INTIICO [1coIc [ICO transfer completion [1CO 41 0310H | 00000310H | nextPC

INTAD ADIC A/D conversion completion AD 42 0320H | 00000320H | nextPC
INTCOERR COERRIC CANO error CANO 43 0330H | 00000330H | nextPC
INTCOWUP COWUPIC | CANO wake-up CANO 44 0340H | 00000340H | nextPC
INTCOREC CORECIC CANO reception CANO 45 0350H | 00000350H | nextPC
INTCOTRX COTRXIC CANO transmission CANO 46 0360H | 00000360H | nextPC

INTKR KRIC Key return interrupt KR 51 03BOH | 000003BOH | nextPC

INTWTI WTIIC Watch Timer interval WT 52 03COH | 000003COH | nextPC

INTWT WTIC Watch Timer reference time WT 53 03DOH | 000003DOH | nextPC

Reserved - - - 54 03EOH | 000003EQH | nextPC

INTFL FLIC Flash programming completion FLASH 55 03FOH | 000003FQH | nextPC

INTP8? PIC8 External interrupt 8 Pin 56 0400H | 00000400H | nextPC

INTP9? PICY External interrupt 9 Pin 57 0410H | 00000410H | nextPC

INTP10? PIC10 External interrupt 10 Pin 58 0420H | 00000420H | nextPC
INTUD2S? uD2sIC UARTD? status interrupt UARTD2 64 0480H | 00000480H | nextPC
INTUD2R? UD2RIC UARTD? reception completion UARTD2 65 0490H | 00000490H | nextPC
INTUD2T? up2TIC leJ::leeDZ consecutive transmission UARTD? 66 04A0H | 000002A0H | nextpC

@  not available for V850ES/FE3-L, V850ES/FF3-L
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Restored PC:

interrupt requests are generated at the same time.
The highest priority is 0.

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,

nextPC:

DIVHU) instruction execution is the value of the PC of
the current instruction (DIV, DIVH, DIVU, DIVHU).

The PC value that starts the processing following
interrupt/exception processing.

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

1)

)

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:

* NMI: NMI pin input
« INTWDT2: Non-maskable Watchdog Timer interrupt request

When the valid edge, specified by the INTRO.INTRO2 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 NMlI 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 INTWDT?2 request is
acknowledge after servicing of the current NMI request has finished (after
execution of the RETI instruction).

If the PSW.NP bit is cleared (0) while NMI is being serviced, the newly
generated INTWDT?2 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 INTWDT?2 cannot be restored by the RETI 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
(genqerated System reset

simultaneously)

Figure 5-1 Example of non-maskable interrupt request acknowledgement operation:
multiple NMI requests generated at the same time
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NMI t_)elng NMI request generated during NMI servicing
serviced
NMI INTWDT2
NMI NMI request generated during INTWDT2 request generated
NMI servicing during NMI servicing
(NP = 1 retained before NMI1
request)
NMI servicing NMI servicing
NMI request (Held pending) INTWDT2 reques{ (Held pending)
NMI request ¥ y NMI request Y
[ : : INTWDT?2 servicing
Servicing of
pending NMI
A \, A
System reset
INTWDT2 request generated
during NMI servicing (NP=0
set before INTWDT2 request)
servicing
NP=0
NI NMIWDT
request
request
INTWDT2 request generated
during NMI servicing (NP=0
set after INTWDT2 request)
W soirg g INTWDT2
(Held
NMI
request
INTWDT2 NMI request generated during NMI request generated
INTWDT2 servicing during INTWDT2 servicing
INTWDT2 INTWDT2
servicing servicing
NMI request | (Invalid) INTWDT2 request| (Invalid)
INTWDT2
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. Saves the restored PC to FEPC.

Saves the current PSW to FEPSW.

Writes exception code 0010H 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.

a s LN

The processing configuration of a non-maskable interrupt is shown in
Figure 5-3.

( NMI input )

INTC
acknowledgement
Non-maskable interrupt
request
CPU processing
1
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 Restore

(1) NMI

Execution is restored from the non-maskable interrupt (NMI) processing by the
RETI 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 RETI instruction is processed.

( RETI instruction >

| 0

| 1

! PSW.NP

A -0
PC ~EIPC PC < FEPC
PSW -—EIPSW PSW -— FEPSW

( Original processing restored >

Figure 5-4 RETI instruction processing

Caution 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 RETI 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.

Note The solid line indicates the CPU processing flow.
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)

5.2.3

INTWDT2

Restoring by RETI instruction is not possible. Perform a system reset after
interrupt servicing.

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.

8 7 6 5 4 3 2 1 0 lnitial value

I S B B B B O B B B B R B B R B B
PSW|0 000O0O0CO0CO0OO0COO0OO0CO0OO0O0COO0OOO0OOOOO|NP[EP|ID|SAT|CY|OV]| S | Z | 00000020H

Bit position

Bit name Function

NP

Indicates whether NMI interrupt processing is in progress.
0: No NMI interrupt processing
1: NMl interrupt currently being processed

5.2.4 NMlI 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 244.
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5.3

5.3.1

Maskable Interrupts

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

1. 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.

o WD

The processing configuration of a maskable interrupt is shown in Figure 5-5.
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CPU processing

T ( INT input >

No

Is the interrupt
mask released?

Priority higher than No

that of interrupt currently
processed?

Priority higher No

than that of other interrupt
request?

ighest default

priority of interrupt requests No

with the same priority?

I (Maskable interrupt request>

( Interrupt request pending )

EIPC -«— restored PC
EIPSW -— PSW

( Interrupt request pending )

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

PSW.ID =1

PC -— handler address

( Interrupt processing >

Figure 5-5 Mas

kable interrupt processing

Note For the ISPR register, see “ISPR - In-service priority register” on page 242.

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

inter

rupt 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 )
1 ﬂ
0
1
<w> fffffffffffffffffffffffff
0 i
PC -— EIPC PC ~— FEPC
PSW <— EIPSW PSW —=— FEPSW
Corresponding <— 0
bit of ISPRNete ‘
( Restores original processing )
Figure 5-6 RETI instruction processing
Note 1. Forthe ISPR register, see “ISPR - In-service priority register” on page 242.
2. The solid lines show the CPU processing flow.
Caution When the PSW.EP bit and the PSW.NP bit are changed by the LDSR

232

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 O beforehand (for example, by placing the El instruction in the
interrupt service program) to set the interrupt enable mode.
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( Main

routine )

Interrupt request a —
(level 3)

Interrupt request ¢ —
(level 3)

Interrupt request e —
(level 2)

Interrupt request g —

Figure 5
Caution

234

E

\

Interrupt
request b
(level 2) —=

\

Interrupt request d
(level 2)—

\ /)

Interrupt request f
(level 3) —

/1

El

Interrupt request h

‘ Processing of a

Processing of ¢

Processing of d

Processing of e

Processing of f

Processing of g

Processing of h

Processing of b

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

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

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

Interrupt request h is held pending even if interrupts are
enabled because its priority is the same as that of g.

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

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.
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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.

C Main routine )

El

Processing of i
El Processing of k

Interrupt
Interrupt request i — request j__
(level 2) (level 3)

Interrupt request k In?er_rup_t request j is held pe_nding 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 |

Interrupt requests m and n are held pending

Interrupt

request m because processing of | is performed in the
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 n

Processing of m

Processing of o
/EI Processing of pP a of
Interrupt request 0 — rocessing of q
" cquestp e Pt EM Processing of r

(level 3) request p El
request q w Interrupt

(lovel 2) (level 1) request r —»
(level 0)

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) Interrupt request u interrupt requests have been generated.

level 2)—| Note2

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)
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Caution

Note

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.

1. Lower default priority
2. Higher default priority

( Main routine )

Interrupt request a (level 2)

Interrupt request b (level 1)

Interrupt request c (level 1)

Default priority
a>b>c

Figure 5-9

Caution

Note

236

El

T

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

* Because the priorities of b and ¢ are
. . the same, b is acknowledged first
Processing of interrupt request ¢ according to the default priority.

NMI request =

Processing of interrupt request a

W

Example of processing interrupt requests simultaneously generated

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.

<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 F110y4 to FFFF F194

Initial Value 47y4. The register is initialized by any reset

7 6 5 4 3 2 1 0
xxXICn | xxIFn | XXMKn ‘ 0 ‘ 0 | 0 ‘ xxXPR2 ‘ 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 xXxMKn 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)

Specifies level 1

Specifies level 2
xxPR2 to

xxPRO

2100 Specifies level 3

Specifies level 4

Specifies level 5

Specifies level 6

RP|lRr|R|R,r|o|lo|oO
Rr|lrRr|Oo|lO|R|rL|O
Rr|lOo|Rr|O|R|O]| R

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-
UD2R, UDOT-UDZ2T, IICO, AD, COERR, COWUP, COREC, COTRX, KR, WTI,
WT, FL)

The address and the availability of each interrupt control register for each
device is shown in the following table.

Note The symbols used in the table mean:

\ : register available for the device
—: register not available for the device
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V850ES/FE3-L/

Address | Register VB50ES/FE3-L V850ES/FG3-L
FFFFF110H |  LVILIC J %
FFFFF112H | LVIHIC J %
FFFFF114H PICO \ v
FFFFF116H PIC1 J %
FFFFF118H PIC2 J %
FFFFF11AH PIC3 \ v
FFFFF11CH PIC4 J %
FFFFF11EH PIC5 J %
FFFFF120H PIC6 \ v
FFFFF122H PICT J %
FFFFF12EH | TAAOOVIC \ %
FFFFF130H | TAAOCCICO \ v
FFFFF132H | TAAOCCIC1 \ %
FFFFF134H | TAA10VIC \ %
FFFFF136H | TAALCCICO \ v
FFFFF138H | TAALCCIC1 \ %
FFFFF13AH | TAA20VIC \ %
FFFFF13CH | TAA2CCICO \ v
FFFFF13EH | TAA2CCICI \ %
FFFFF140H | TAA30VIC \ %
FFFFF142H | TAA3CCICO \ v
FFFFF144H | TAA3CCIC1 \ %
FFFFF146H | TAA40VIC \ %
FFFFF148H | TAA4CCICO \ v
FFFFF14AH | TAA4CCICI \ %
FFFFF14CH | TMOEQICO S %
FFFFF14EH | CBORIC \ v
FFFFF150H | CBOTIC J %
FFFFF152H | CBIRIC J %
FFFFF154H | CBITIC \ v
FFFFF156H | UDOSIC J %
FFFFF158H | UDORIC J %
FFFFF15AH | UDOTIC \ v
FFFFF15CH | UD1SIC J %
FFFFF15EH | UDIRIC J %
FFFFF160H | UDITIC \ v
FFFFF162H | liCOIC J %
FFFFF164H ADIC J %
FFFFF166H | COERRIC \ v
FFFFF168H | COWUPIC J %
FFFFF16AH | CORECIC J %
FFFFF16CH | COTRXIC \ v
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V850ES/FE3-L/

VBS0ES/FFa.L | VBSOES/FG3L

Address | Register

FFFFF176H KRIC v v
FFFFF178H WTIIC v v
FFFFF17AH WTIC v v

FFFFF17EH FLIC -
FFFFF180H PIC8 -
FFFFF182H PIC9 -
FFFFF184H PIC10 -
FFFFF190H ub2sic -
FFFFF192H | UDZ2RIC -
FFFFF194H uD2TIC -

< | 2| 2 2| & =
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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
xxXICn 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 IMRmL = IMRm([7:0] registers via the given <Address> and can be
read/written in 8- and 1-bit units

— 8 bit IMRmH = IMRm[15:8] registers via <Address> + 1 and can be read/
written in 8- and 1-bit units

8 bit IMRm 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

Caution 1.

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

. 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

15t0 0

XXMKn

Interrupt mask flag.
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 237

(1) IMRO - Interrupt mask register 0

15 14 13 12 11 10 9 8 Address Initial value
IMRO \ TAAOOVMK \ 1 | 1 \ 1 \ 1 | 1 | PMKT \ PMIKG |FFFFF100H FFFFH
7 6 5 4 3 2 1 0

| PMK5 \ PMK4 | PMK3 \ PMK2 \ PMK1 | PMKO |LVIHMK \ LVILMK|

(2) IMRL1 - Interrupt mask register 1

15 14

13 12 11 10 9 8 Address Initial value

IMR1 \ CBORMK ‘TMOEQMKO|TAA4CCMK1‘TAA4CCMKO‘TAA40VMK|TAASCCMK1|TAA3CCMKO‘TAASOVMK |FFFFF102H FFFFH

7 6

5 4 3 2 1 0

| TAA2CCNKI | TAAZCCMKO | TAA2OVK | TAALCCHKL | TAACCMKO | TAALOVNK | TAAOCCHKL | TAAOCCHKO |

240
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(3) IMR2 - Interrupt mask register 2

15 14 13 12 11 10 9 8 Address Initial value
IMR2 \ 0 \ COTRXMK | CORECMK \ COWUPMK \ COERRMK | ADMK | IICOMK \ UDLTMK |FFFFF104H FFFFH
7 6 5 4 3 2 1 0

\ UDLRMK \ UDLSMK | UDOTMK \ UDORMK \ UDOSMK | CBLTMK | CBLRMK \ CBOTMK |

(4) IMR3 - Interrupt mask register 3
* V850ES/FE3-L
* V850ES/FF3-L

15 14 13 12 11 10 9 8 Address Initial value
IMR3 \ 1 \ 1 | 1 \ 1 \ 1 | 1 | 1 \ 1 |FFFFF106H FFFFH
7 6 5 4 3 2 1 0
\ FLMK \ 1 | WTMK \ WTINK \ KRMK | 1 | 1 \ 1 |

* VB50ES/FG3-L

15 14 13 12 11 10 9 8 Address Initial value
IMR3 \ 1 \ 1 | 1 \ 1 \ 1 | PMKL0 | PMK9 \ PNIKS |FFFFF106H FFFFH
7 6 5 4 3 2 1 0
\ FLMK \ 1 | WTMK \ WTIMK \ KRMK | 1 | 1 \ 1 |

(5) MRA4 - Interrupt mask register 4
* V850ES/FG3-L

15 14 13 12 11 10 9 8 Address Initial value
IMR4 \ 1 \ 1 | 1 \ 1 \ 1 | 1 | 1 \ 1 |FFFFF108H FFFFH
7 6 5 4 3 2 1 0
|« | v | 1 | v | 1 | uoarwk | uozruk | ubask |
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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 O by hardware.
However, it is not reset to O when execution is returned from non-maskable
interrupt servicing or exception processing.

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

Initial

7 6 5 4 3 2 1 0 Address
value

ISPR | ISPR7 ‘ ISPR6 | ISPR5 ‘ ISPR4 | ISPR3 ‘ ISPR2 | ISPR1 ‘ ISPRO | FFFFFIFAH  OOH

Bit position Bit name Function

Indicates priority of interrupt currently acknowledged
ISPR7 to . L
7t00 0: Interrupt request with priority n not acknowledged
ISPRO . -
1: Interrupt request with priority n acknowledged

Note n=0to 7 (priority level)

Caution If aninterrupt is acknowledged while the ISPR register is being read in the
interrupt enabled (EI) 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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3l

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.

g 7 6 5 4 3 2 1 0 Initial value

T T T
PSW |0 000000

N B B s s B B B
00000000O00O0O0COO0O0O0COQ NP EP ID SAT CY OV S Z | 00000020H

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 DI instruction and reset to 0 by the El instruction. Its value
is also modified by the RETI 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 External maskable interrupts

This microcontroller provides maskable external interrupts INTPn with the
following features:
< Analog input filter (refer to “Analog filtered inputs” on page 126)
 Digital input filter for INTP3 (refer to “Digitally filtered inputs” on page 127)
« 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 244.
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5.4 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.

INTRm The INTRm registers specify the rising edge for edge detection of
corresponding external interrupt signals.
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.
Bit position Bit name Function
Specifies the edge detection for external interrupt
15100 | INTRm[15:0] | S'9nals
' 0: no detection at rising edge
1: detection at rising edge
INTFm  The INTFm registers specify the falling edge for edge detection of
corresponding external interrupt signals.
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.
Bit position Bit name Function
Specifies the edge detection for external interrupt
15100 | INTEm[15:0] | S'9NaIs
’ 0: no detection at falling edge
1: detection at falling edge
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 INTRmM.INTRmk / INTFm.INTFmk (k = 0 to 15) to O, and
then set the port mode.

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

7 6 5 4 3 2 1 0 Address Mt

value

INTRO | 0 \ INTR06 | INTRO5 \ INTRO4 | INTR03 \ INTR02 | 0 \ 0 |FFFFFC20H 00H

INTP3  INTP2  INTPL  INTPO NMI

7 6 5 4 3 2 1 0 Address "2

value

INTFO | 0 \ INTF06 | INTFO5 \ INTFO4 | INTFO3 \ INTF02 | 0 \ 0 |FFFFFCOOH 00H

INTP3 INTP2 INTP1 INTPO NMI

User’s Manual U18743EE1V2UMO0



Interrupt Controller (INTC)

Chapter 5

(2) INTRLI/INTF1 - External interrupt edge specification register 1

* VB50ES/FG3-L

7 6 5 4 3 2 1 0 Address MU

value

INTRL | 0 \ 0 | 0 \ 0 | 0 \ 0 | INTR11 \ INTR10 |FFFFFC22H 00H
INTPL0  INTP9

7 6 5 4 3 2 1 0 Address Mt

value

INTF1 | 0 \ 0 | 0 \ 0 | 0 \ 0 | INTF11 \ INTF10 |FFFFFC02H 00H
INTPL0  INTP9

(3) INTRS3/INTF3 - External interrupt edge specification register 3

» V850ES/FE3-L
* VB50ES/FF3-L

7 6 5 4 3 2 1 0 Address Mt

value

INTR3L | 0 | 0 \ 0 | 0 | 0 \ 0 | INTR31 | 0 FFFFFCZGHOOOOH
INTP7

7 6 5 4 3 2 1 0 Address MU

value

INTF3L | 0 | 0 \ 0 | 0 | 0 \ 0 | INTF31 | 0 ‘FFFFFCOGHOOOOH
INTP7

* V850ES/FG3-L

15 14 13 12 1 10 9 g Address U;tf
INTR3? | 0 | 0 \ 0 | 0 | 0 \ 0 | INTR39 | 0 ‘FFFFFCZGHOOOOH
INTPS
7 6 5 4 3 2 1 0
| 0 | 0 \ 0 | 0 | 0 \ 0 | INTR31 | 0 \
INTP7
a) Both bytes of this 16-bit register can also be accessed bytewise with
— INTR3L = INTR3[7:0] under the address FFFF FC26H
— INTR3H = INTR3[15:8] under the address FFFF FC27H
15 14 13 12 11 10 9 8 Address U;%?
ntest [ o [ o | o | o | o | o | INTFa9 | 0  |FFFFFCOGH 0000H
INTPS
7 6 5 4 3 2 1 0
o [ o [ o [ o | o | o [wmm| o |
INTP7
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a) Both bytes of this 16-bit register can also be accessed bytewise with
— INTF3L = INTF3[7:0] under the address FFFF FCO6H
— INTF3H = INTF3[15:8] under the address FFFF FCO7H
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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 (00000040H or 00000050H) corresponding to
the software exception to the PC, and transfers control.

Figure 5-10 illustrates 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 O to OFH, it becomes 00000040H, and if the vector is 10H to
1FH, it becomes 00000050H.
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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 RET! instruction )
1 #
L
e —
s |
PC <—EIPC PC -—FEPC
PSW ~—EIPSW PSW ~— FEPSW
( 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.

31 8 7 6 5 4 3 2 10 |Initial value
- rrrrrrrrrrrororororoTrorr Tl
PSW [0 0000000000000000000O00CO0O|NP|EP | ID|[SAT|CY|OV]|S Z | 00000020H
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.
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 Illegal opcode definition
The illegal instruction has an opcode (bits 10 to 5) of 111111B, a sub-opcode
(bits 23 to 26) of 0111B to 1111B, and a sub-opcode (bit 16) of OB. An
exception trap is generated when an instruction applicable to this illegal
instruction is executed.
1 11 3 2 2 2 2 1
5 10 5 4 0 7 6 3 2 6
I I I I I I I I I I I I I I
01 11
X X x x|1 1 1 1 1 11]x x x X X|x X x Xx X to X X X x x x|0
1111
Note x: Arbitrary
(1) Operation

If an exception trap occurs, the CPU performs the following processing, and

transfers control to the handler routine:

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 (00000060H) corresponding to the exception trap
to the PC, and transfers control.

Figure 5-12 illustrates the processing of the exception trap.
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- ( Exception trap (ILGOP) occurs )
DBPC -«— restored PC
DBPSW —~—PSW
PSW.NP ~— 1
CPU processing PSWEP ~—1
PSW.D =1
PC ~— 00000060H
( Exception processing )
Figure 5-12 Exception trap processing
(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 5-13 illustrates 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
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Note

The DBPC and DBPSW registers can be accessed only when the DBTRAP
instruction is executed.
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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.

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.

2.
3.
4

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 (00000060H) corresponding to the debug trap to
the PC and transfers control.

Figure 5-14 illustrates the processing of the debug trap.

- ( DBTRAP instruction )

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

PSW.EP = 1

PSW.ID = 1

PC -— 00000060H

C Exception processing )

CPU processing

Figure 5-14 Debug trap processing

)

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.
2.

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

( DBRET instruction )

PC -<«— DBPC
PSW -<—  DBPSW

( Jump to address of restored PC )

Figure 5-15 Restore processing from debug trap

5.7 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.
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(1) 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

*El instruction (interrupt acknowledgment enabled)

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

*RETI instruction

" Maskable interrupt acknowledgment

)

Generation of exception in service program

Service program of maskable interrupt or exception

*RETI instruction

*EIPC saved to memory or register

*EIPSW saved to memory or register

*TRAP instruction

*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
PPRNO to PPRnN2 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 0> Level 1> Level 2 > Level 3 > Level 4 >
Level 5> Level 6 > Level 7 (Low)
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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.
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 there are two or more successive interrupt request non-sampling
instructions (see “Periods in which interrupts are not acknowledged” on
page 255).
« When the interrupt control register is accessed
L 5 system clocks .
VBCLK (Input) ||||||||||||||||||
Interrupt request |
Instruction 1 | IF | ID | EX [MEM[wB| !
Instruction 2 IFX | IDX .
Interrupt acknowledgement operation INT1 |INT2 INT3|INT4
Instruction (first instruction of IF | ID | 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,
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this new interrupt will discarded. The next interrupt of the same source will only
be registered after these 5 cycles.
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Interrupt response time (internal system clocks)

- - Condition
Internal interrupt External interrupt
Minimum 4 4 + analog delay time | The following cases are exceptions:
¢ In IDLE/software STOP mode
6 + analog delay time .
6 (in case of latency = 2) | (in case of latency = 2) |* EXxternal bit access
Maximum

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

 Two or more interrupt request non-

, sample instructions are executed
(in case of latency = 3)

« Access to interrupt control register

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:

El instruction
DI instruction
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 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).

Table 6-1 Assignment of Key Return Detection Pins

Flag Pin Description
KRMO Controls KRO signal in 1-bit units
KRM1 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

KR6

KRS

KR4

INTKR

KR3

KR2

#L@g???

KR1

KRO

[KRM7|KRMB|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 F3004.
Initial Value 00y. This register is cleared by any reset.
7 6 5 4 3 2 1 0
[ krRM7 | KRm6 | kRms | KR4 [ kRM3 | KRM2 | KRM1 | KRMO |
RW RW RW RW RW R/W R/W R/W
Table 6-2 LOCKR register contents
Bit name Function
KRMn Control of key return mode:
0: Does not detect key return signal.
1: Detects key return signal.
Caution If the KRM register is changed, the 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 = 0).
Note For the alternate-function pin settings, see “Pin Functions” on page 31.
6.3 Cautions

258

1. Ifalow levelis inputto any of the KRO to KR7 pins, the INTKR signal is not
generated even if the falling edge of another pin is input.

2. Ifthe 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 (El) 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.

User’s Manual U18743EE1V2UMO0




Chapter 7 Flash Memory

The following VB50ES/Fx3-L devices are equipped with internal flash memory

Product Device Code flash size
V850ES/FE3-L | uPD70F3610 64 KB
UPD70F3611 96 KB
UPD70F3612 128 KB
UWPD70F3613 192 KB
UPD70F3614 256 KB
V850ES/FF3-L | uPD70F3615 64 KB
UWPD70F3616 96 KB
UPD70F3617 128 KB
UWPD70F3618 192 KB
UPD70F3619 256 KB
VB850ES/FG3-L | uPD70F3620 128 KB
UWPD70F3621 192 KB
UPD70F3622 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)

« 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

e Communication with dedicated flash programmer via various serial
interfaces

e On-board and off-board programming

e 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 279.

* Interleave
Interleave configuration of the flash memory blocks.

* 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 007By,.

0003 FFFFH
Block 127 (2
KB)
0003 F800H
0002 FFFFH
Block 95(2 KB)
0002 0800H
0001 FFFFH
Block 63(2 KB)
0001 F800H @
2
o
0001 7FFFH 2
Block 47(2 KB)
0001 7800H
0000 FFFFH
Block 31 (2 KB)
0000 F800H
0000 07FFH
Block 0 (2 KB) | Block 0 (2 KB) | Block 0 (2 KB) | Block 0 (2 KB) | Block 0 (2 KB)
0000 0000H
64 KB 96 KB 128 192 KB 256 KB Code flash size
8/16/32 KB 8/16/32/64 KB Boot swap cluster sizes
pPD70F3610 pPD70F3611 pPD70F3612 pPD70F3613 pPD70F3614
pPD70F3615 pPD70F3616 pPD70F3617 pPD70F3618 pPD70F3619 | Products
pPD70F3620 pPD70F3621 pPD70F3622

Figure 7-1 Code flash memory configuration for V850ES/Fx3-L devices.
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7.1.3

Serial programming

Self-programming

262

Extra area

Boot swap

Protection

Variable reset
vector

Code flash memory functional outline

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”.

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 271 for details on how
to enter normal operation or serial flash programming mode.

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.

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 279.

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 289.

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

For further information concerning the variable reset vector refer to “Variable
Reset Vector” on page 284.
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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 266.

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 277.

Normal operation
mode

Table 7-2 on page 264 summarizes the functions used to modify flash memory

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

Support
(\: Supported, x: Not supported)

« rewriting of the boot block cluster

Function Functional outline -
Serial .
. Self-programming
programming
Block erasure | The contents of specified memory blocks are erased. \/ N
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 block \/ xa
cluster 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 b
\ X
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. \/ N
Protection Following functions can be prohibited:
settings « chip erase
* block erase
, v ye
e write
¢ read

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.

b)

Can be carried out by the user’s program.

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

ming 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 289.

Table 7-3 Protection functions

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

prohibit

the boot block cluster impossible.

Function Functional outline -
Serial .
. Self-programming
programming
Chip erase Erasure of the entire flash (including the extra v x
command prohibit | area?) or single blocks impossible.
Block erase Erasure of single blocks impossible. \/ x
command prohibit
Program command | Erasure and rewrite of single blocks v x
prohibit impossible.
Read command Read-out of any flash content impossible. \/ x
prohibit
Rewriting boot area | Erasure (by block or chip erase) or writing of v y
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3 The boot block cluster protection flag is not erased.

7.1.4 Code flash memory erasure and rewrite

Erasure 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 flash memory block can be erased separately.

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

Rewrite 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 8 bytes. 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.

e 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 (FLMD1Mo)

RS-232-C

usB

Flash programmer UART/CSI V850
N-Wire microcontroller
HS

Host machine

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

Figure 7-2 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:

< asynchroneous serial interface UART

* clocked serial interface CSI

« serial debug interface N-Wire

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 7-6.

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 CSl 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 (FLMDNete) — = FLMDO (FLMD1Nee)

Vob Voo
GND Vss
RESET ——  RESET
RXD =——— TXD V850
TXD ———— RXD microcontroller

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

Figure 7-3 Communication with flash programmer via UART

(2) CSlwithout handshake
The external flash programmer offers various choices of available clock rates.

FLMDO (FLMDAM®) — = F| MDO (FLMD1%t)
Voo ———— Voo
Vss
RESET
SO

Sl V850
SCK microcontroller

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

Figure 7-4 Communication with flash programmer via CSl without handshake

The flash programmer outputs a transfer clock and the microcontroller
operates as a slave.
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(3) CsSlwith handshake (CSI + HS)
The external flash programmer offers various choices of available clock rates.

FLMDO (FLMD1Nele) ——— = FLMDO (FLMD1"ete)

Vop ————— Vop
GND
RESET
Sl
flash programmer SO Sl V850
SCK SCK microcontroller
HS HSPORT

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

Figure 7-5 Communication with flash programmer via CSl with handshake

The flash programmer outputs a transfer clock and the microcontroller
operates as a slave.

(4) N-Wire
Serial clock DCK: Up to 1 MHz

V‘—»V

DD DD
GND Vg
— FLMD1 FLMDO
/ i \ SI/RXD DDO ___
A
flash programmer SOXD pp! . V850
SCK DCK microcontroller
RESET —— DRST
FLMDO DMS

Figure 7-6  Communication with flash programmer via N-Wire
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7.2.3 Pin connection with flash programmer PG-FP4

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-FP4 is used as the flash programmer, it generates the signals listed
in Table 7-4 for the microcontroller. For details, refer to the PG-FP4 User’s

Manual (U15260E).

Table 7-4 Signals generated by flash programmer PG-FP4

PG-FP4 Controller Connection
?lle?r:? /0 Pin function Pin name UART Csl CSI+HS | N-Wire
FLMDO | Output | Write enable/disable FLMDO \/ y \/
FLMD1 | Output | Write enable/disable FLMD1 X X
Vpp 110 Vpp Vvoltage generation/ Vbbb S
voltage monitor
GND - Ground Vss \ \
CLK Output | Clock output to the X1 X X
controller
RESET | Output | Reset signal RESET N v N
SI/RXD | Input Receive signal SOITXD \/ y \/
SO/TXD | Output | Transmit signal SI/RXD \/ y \/
SCK Output | Transfer clock SCK x \/ N
HS Input Handshake signal for HSPORT X X N
CSI + HS communication
Note +: Must be connected.
X: Does not have to be connected.
Vbp1
VSSl
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Table 7-5 Wiring of V850ES/Fx3-L flash writing adapters for CSIB

Flash programmer (FG-FP4) Name of UARTAO CSIBO + HS CSIBO N-Wire
connection pin
Signal . . A b.oard . . . .
name I/0 Pin function pin Pin name Pin name Pin name Pin name
SI/RxD || Receive signal Sl TXDAO SOBO
SO/TxD | O Transmit signal SO RXDAO SIBO
SCK o Transfer clock SCK Not needed SCKBO
CLK (0] Clock to V850 X1 Leave open
microcontroller X2 Leave open
RESET |O Reset signal RESET RESET
FLMDO |1 Write voltage FLMDO FLMDO
FLMD1 |1 Write voltage FLMD1 FLMD1
HS | Handshake signal | RESERVE/ Not needed PCMO Not needed Not needed
for CSI + HS HS
VDD - VDD voltage VDD Voo
generation/ BVoo
voltage monitor
EVoo
AVrero
GND - Ground GND Vss
BVss
EVss
AVss
Table 7-6  VB50ES/Fx3-L pin numbers for serial programming
Pin name Port V850I;S/FE3-L V850ES/FF3-L V850ES/FGS-L
pin nr. pin nr. pin nr.
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 - 3 8 8
FLMD1 PDL5 52 61 76
PCMO PCMO 45 49 61
DRST P05 17 17 20
DDl P52 30 34 39
DDO P53 31 35 40
DCK P54 34 36 41
DMS P55 35 37 42
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7.2.4

Figure 7-7

Flash memory programming control

The procedure to program the flash memory is illustrated below.

C_=

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.

Flash memory programming procedure
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(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 272 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
Vsg Don'’t care Normal operation mode
Vpp Vssg Flash programming mode
Vpp 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.

PG-FP4 V850
FLMDO FLMDO
FLMD1 f—— FLMD1

PG-FP4 V850
FLMDO FLMDO
FLMD1 FLMD1

Figure 7-8 Example of connection to flash programmer PG-FP4

Once started in normal operation mode (FLMDO = 0), FLMDO pin is used for
enabling self-programming. Refer also to 7.3 on page 277.
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)

Serial 1/0 signals

Potential conflicts with on-board signal connections

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 uC

output

V850 puC

Other
device

input

isolate or disable

Q Flash programmer

QO Flash programmer

input

V850 uC

input

Other
device

input

isolate or disable

QO Flash programmer

Other
device

input

isolate or disable
or Hi-Z

Figure 7-9 Potential conflicts with serial interfaces signals

RESET 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 uC

RESET

QO Flash programmer

Reset generator

RESET

isolate or disable

Figure 7-10 Potential conflict with RESET
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Ports

Oscillators
DRST

Power supply

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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@)

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 275 gives an example how the UART is established for
the communication between the flash programmer and the microcontroller.

RESET (input)
Vss
Voo
FLMD1 (input)
Vss
Vob
FLMDO (input)
Ves | Note
Voo ( )
RXD (input)
Vss ——
Voo
TXD (output)
Vsg ————o Oscillation Communication
stabilized mode selected
Flash control command communication
Power on  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 275.
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 Csl V850ES/Fx3-L performs slave operation, MSB first
11 CSl + HS V850ES/Fx3-L 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.
T — Command
i PG-FPa (Fssn prog) | Status
Data
Flash programmer V850
microcontroller
Figure 7-12 Communication commands exchange

Table 7-9 Flash memory control commands

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.

L 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 S \ \/ Erases all memory contents.
Block erase command Erases memory contents of
y v v ©
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 N \/ S Escapes from each status.
and control P ——
Oscillation frequency N N N Sets oscillation frequency.
setting command
Baud rate setting B B 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 v Y - Acquires operation status.
Protection setting Sets protection against chip
command \/ \ S erasure, block erasure, and
writing.
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7.3

Figure 7-13

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
NEC, the user’s program is able to rewrite the flash memory with data,
transferred in advance to the internal RAM.

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

internal RAM

User’s re-programming routine
C Self-programming library )
\

i
\

Flash function execution Flash information

| |

| Flash macro service |

Erase, write

| Flash memory |

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.

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 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 283).

It is recommended to refer to the application note “Self-Programming”
(document nr. UL6929EE) 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.eu.necel.com
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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.

N Vop --------
RESET signal I
ov ! Self-programming
! write/erase
. permitted ,

-
l 1

Vob -------- E ffffffffff
FLMDO pin : | |—
ov T \ .

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 block 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.eu.necel.com.
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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 00004 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 block 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 279 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
block 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 block7 [\ Al blocks
N\, ol
inactive \\
boot block 6 N block 2
swap S
cluster block 5 S block 1
;" \\
l block 4 “\ N block 0
T ;'_‘\ _____ ﬁ<—
T blocks [N %Y block7
N\, R
active block 2 block 6
boot N
swap .
cluster block 1 N block 5
l block 0 ) block 4
o0oooo0OOH .Y _ O |
boot_flag not(boot_flag)

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

Boot block cluster

280

Number of boot
blocks

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 block cluster, while the boot_flag remains in its previous state.

If rewriting of the boot block 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 block 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 block 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 281 shows the relation between the number of boot blocks,
the boot block cluster size and the boot swap cluster.

The numer of boot blocks has to be defined by the user during
self-programming. It determines the blocks, which are subject to the boot block
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

Devices with 2 KB blocks

Number of (£ 256 KB code flash)
boot blocks?
Boot block cluster el SE
cluster
OOH 0000 0O000H - 0000 07FFH | 0000 0000H
(2 KB) -
01H RESV - 0000 OFFFH ooog 1K';FFH
(4 KB) (8 KB)
02H RESV - 0000 17FFH
(6 KB)
03H RESV - 0000 1FFFH
(8 KB)
04H RESV - 0000 27FFH 0000 0000H
(10 KB) -
0000 3FFFH
(16 KB)
07H RESV - 0000 3FFFH
(16 KB)
08H RESV - 0000 47FFH 0000 0000H
(18 KB) -
0000 7FFFH
(32 KB)
OFH RESV - 0000 7FFFH
(max. 32 KB)
10H RESV - 0000 87FFH 0000 0000H
(34 KB) -
0000 7FFFH
(64 KB)
1FH RESV - 0000 FFFFH
(64 KB)
20H RESV - 0001 O7FFH
(66 KB)
7FH RESV - 0003 FFFFH
(256 KB)
80H
Setting prohibited
FFH

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

during self-programming or via the external program-
mer during serial programming.
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Figure 7-16 on page 282 illustrates an example with following settings:

< number of boot blocks: 2 (boot block cluster contains 2 blocks), thus the
active boot block 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 |
block 8 block 8
1 bock?___ |1, o ocks
inactive block 6 ' block 2
swap A TN T
cluster ~ mactve block 5 y,\\ block 1
block N
cluster block 4 \ N block 0
Y N N
_______ XX
I block 3 AN AN block 7
\,
active block 2 % block 6
boot o A
swap A <
cluster ~ 5ve block 1 N block 5
block N
1 cluster block 0 < R block 4
00000000H .Y _ Y ___} |
boot_flag not(boot_flag)

Figure 7-16

Boot block
protection

Caution

Boot cluster swapping function

To prohibit rewriting of the boot blocks, the boot block cluster protection flag
can be set during flash memory programming. When this flag is set, the blocks
of the active boot block cluster can neither be erased nor written. Boot cluster
swapping is impossible as well.

Note that only the blocks of the active boot block cluster are protected. In the
example according to Figure 7-16 on page 282, for instance, blocks 0 and 1
would be prohibited, while blocks 2 and 3 could still be erased and written.

Once the boot block 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 289.
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7.3.4

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. The user has to initiate this copy process.

« 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 139)

« 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 139).

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. UL6929EE) 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.eu.necel.com
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7.4 Variable Reset Vector

Note

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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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 007A/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.
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tor:

Address | Set Value Setting
007AH Interr\al oscil- Can be stopped.
lator:
00 WDT2: Count clock can be selected.
H Overflow signal can be selected from INTWDT2 or WDT2RES.
tsol#b oscilla- Crystal resonator connection
Internal oscil-
lator: Cannot be stopped.
o1 WDT2: Count clock can be selected.
H Overflow signal can be selected from INTWDT2 or WDT2RES.
tsol:b oscilla- Crystal resonator connection
Internal oscil-
lator- Can be stopped.
02 WDT2: Count clock is fixed to internal oscillator.
H Overflow signal is fixed to WDT2RES.
tsol#b oscilla- Crystal resonator connection
Internal oscil-
lator: Cannot be stopped.
03 WDT2: Count clock is fixed to internal oscillator.
H Overflow signal is fixed to WDT2RES.
tsol:b oscilla- Crystal resonator connection
Internal oscil-
lator- Can be stopped.
co WDT2: Count clock can be selected.
H Overflow signal can be selected from INTWDT2 or WDT2RES.
tsol#b oscilla- RC oscillation connection
Internal oscil-
lator: Cannot be stopped.
c1 WDT2: Count clock can be selected.
H Overflow signal can be selected from INTWDT2 or WDT2RES.
tsol:b oscilla- RC oscillation connection
Internal oscil-
lator- Can be stopped.
co2 WDT2: Count clock is fixed to internal oscillator.
H Overflow signal is fixed to WDT2RES.
tsol#b oscilla- RC oscillation connection
Internal oscil-
lator: Cannot be stopped.
c3 WDT2: Count clock is fixed to internal oscillator.
H Overflow signal is fixed to WDT2RES.
Sub oscilla-

RC oscillation
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7 6 5 4 3 2 1 0
0000 007By | SUBCLK 0 0 0 PLLO PRSI PLLI1 PLLIO
PLLI1 PLLIO Selection of PLL input clock to PLL
0 0 feLu =fx
0 1 fPLLl =fx/2
1 X fPLLl = fx/4
PRSI Peripheral clock selection
0 fxp1,fxp2 = fxx
1 fxp1 fxp2 = fxx/2
PLLO PLL output clock selection
0 Setting prohibited
1 feLL = fpLLo/2
SUBCLK Clock source at sublock operating mode
0 SubOSC selection
1 240 KHz internal oscillator selection
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7.5.1 PRDSELH register - Product selection code register High
The 16-bit PRDSELH register specifies the RAM start address of the device.
Access The register can be accessed in 16-bit units.
Address FFFFFCCAy
Initial Value Device depending
(for details see table below)
15 14 13 12 11 10 9 8
PRDSELH | X | X | X ‘ X ‘ X ‘ X ‘ X | X |
R R R R
7 6 5 4 3 2 1 0
| x | x | x | x [ ram3 | rRAM2 | RAML | RAMO |
R R R R R R R R
RAM3 | RAM2 | RAM1 | RAMO RAM start address
0 0 0 1 03FFD800H
0 0 1 0 03FFDOOOH
0 0 1 1 03FFCO00H
0 1 0 0 03FFBOOOH

288
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8.1

Security functions

Protection
functions

8.2

Data Protection and Security

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 provide countermeasures against unexpected failures
during reprogramming processes. These are basically:

e Secure self-programming

e Secure bootloader update

* Boot swapping

« Boot block cluster protection

These functions are described in detail in “Flash Memory” on page 259.

Protection functions provide a set of mechanisms to protect the internal flash
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.

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 0070y to 0000 0079y,

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

1 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 codeis 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 FFy for all
ID bytes.

Z; 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.

1. 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

@)

)

®3)

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.

Write 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.

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. |.e.
protection flags, variable reset vector, etc. are still valid.

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.
(5) Boot block cluster protection flag
Set this flag to disable erasure and rewrite of the boot block cluster.
The boot block 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 block
cluster content can not be changed any more.
For the explanation of the boot block cluster refer to “Secure self-programming
(boot cluster swapping)” on page 279.
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
Applicable
_ . _ (\: applies, x: doesn’t apply)
Function Functional outline
Siail! Self-programmin
programming prog 9
Block erase Erasure of single blocks impossible. N x

command prohibit

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 N x
area) or single blocks impossible.

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

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

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

Read command
prohibit

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

Rewriting boot
block cluster
prohibit

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

Once rewrite protection of the boot block
cluster is enabled, it can not be disabled any
more.
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Table 8-3 Rewriting operation when erasing/writing is enabled/prohibited

Block erasure Write
i : None | Chip None
Prohibition state Programming mode Boot boot | erasure Boot boot
area area
area area
Rewriting | All enabled Self-programming yes - yes
boot area - -
enabled Serial programming yes yes yes
Block erase N Self-programming yes - yes
command prohibited Serial programming no yes yes
Chip erase command | Self-programming yes - yes
prohibited Seri -
erial programming no no yes
Writg (;ommand Self-programming yes - yes
prohibited Serial programming no yes no
Rewriting | All enabled Self-programming no yes - no yes
boot area - .
prohibited Serial programming yes no yes
Block erase Self-programming yes - yes
command prohibited Seri -
erial 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 v
Serial programming N
Read command prohibited Self-programming \/
Serial programming X

Note ~: execution enabled, x: execution disabled, —: not supported
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Chapter 9 Bus Control Unit (BCU)

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

9.1 Description

The figure below shows a block diagram of the modules that are necessary for
accessing the on-chip peripherals.

VveB___| cPu
VDB Bus
Control
Unit VSB
Bus
Bridge

Internal Bus (NPB)

On-chip Peripheral I/0O

Figure 9-1 Bus and Memory Control block diagram

Busses The busses are abbreviated as follows:
* NPB: NEC peripheral bus
« VSB: V850 system bus
« VDB: V850 data bus
* VFB: V850 fetch bus

BCU The Bus Control Unit (BCU) controls the access to the on-chip peripherals.
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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 I/O area | 03FF FO00, to 03FF FFFy 4 KB
Programmable peripheral | 03FE C000y to 03FE EFFFy 12 KB
1/0O area (PPA)
(1) Fixed peripheral I/O area
The fixed peripheral /0O area holds the registers of the on-chip peripheral 1/0O
functions.
Note Because the address space covers 64 MB, the address bits A[31:26] are not

296

considered. Therefore, in this manual, all addresses of peripheral I/O registers
in the 4 KB peripheral 1/0 area are given in the range FFFF FOOOy to

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

Figure 9-2

Note

Programmable peripheral 1/0 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/0 area (PPA).

03FF FFFFH

Peripheral

I/O register
osFFFoooH| KB T

same

03FE EFFFH Programmabl

e
peripheral /
1/0 register

(12 KB)
03FE CO00H

Programmable peripheral 1/O area

NPB (NEC Peripheral Bus)

area

\Peripheral
1/O area

Programmable
peripheral
I/O area

Dedicated area for
FCAN controller

The CAN modules registers and message buffers are allocated to the PPA.
Refer to “CAN module register and message buffer addresses” on page 553
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 301.
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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 749), 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.

< Programmable peripheral I/0 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)

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:

Table 9-2 number of bus access clocks
Internal ROM
Bus cycle configuration (32 bits) ISTE) |
with with (32 bits)
latency =0 latency = 1
Instruction fetch Normal access 1 1 12
Branch 2 4 1
Operand data access 1 4 1

a) In case of contention with data access, the instruction fetch from internal RAM takes 2 clocks.

Note

)

Figure 9-3

9.14

@)

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 24 23 16 15 8 7 0

byte position Byte 3 Byte 2 Byte 1 Byte 0

access via

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

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 1/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 1/0O
area does not occur.
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)

Note

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.

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 the 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 FOBEY
9.2.1 BCU registers
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-bhit 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 FO64y
Initial Value 0000y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

|PA15\ 0 |PA13\PA12 \ PA11|PA10| PA9 \ PAS \ PA7 | PAG \ PAS \ PA4 | PA3 | PA2 \ PAL | PAO |

Table 9-4 BPC register contents
Bit Position | Bit Name Function
Select usage of programmable peripheral I/O area (PPA).
15 PA15 0: PPA disabled
1: PPA enabled
11100 PA[13:0] Bits PA[13:0] spemfy bits 27 to 14 of the starting address of the PPA. The other bits
of the address are fixed to 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 214

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 i
o] .. ] o] BPC.PA[13:0] IENEEEREN
o] ..]o BPC.PA[13:0] o] ..]o
BPC.PA[13:0] o] ..|] o] o |rBA

(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 FOGEy

Initial Value 774

7 6 5 4 3 2 1 0
| 0 |SUWL2 | SUWL1 \ SUWLO \ 0 ‘VSWLZ \vswu |VSWLO |
R RW RW RW R RW RMW RMW

Table 9-6 VSWC register contents (1/2)

Bit position | Bit name Function
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 SUWL][2:0] 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)

Bit position | 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)
2t00 VSWL[2:0] 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

System clock (fcpy) <16 MHz <20 MHz
SUWL 0 0
VSWL 0 1
VSWC 004 01y

Note

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

2. This register must be initialized after RESET.
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10.1

16-Bit Timer/Event Counter AA

The VB50ES/Fx3-L microcontrollers have following instances of the 16-bit
timer/event counter AA:

TAA V850ES/ V850ES/ V850ES/
FE3-L FF3-L 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 TAAN control register O.

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 withother Timers AA channels (refer
to “Timer AA Synchroneous Operation” on page 377)

¢ 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

< Capture trigger input signal x 2

« External trigger input signal x 1

» Clock select x 8

< External event count input x 1

* Readable counter x 1

« Capture/compare reload register x 2
« Capture/compare match interrupt x 2
e Timer output (TOAANO, TOAAN1) x 2

« 32-bit capture by cascading two timer AA
(TAAO+TAAL, TAA2+TAA3, TAAS+TAAG).

10.3 Configuration

TAA includes the following hardware.

Table 10-1 Timer TAA registers and external connections

Item Configuration
Timer register 16-hit counter
Registers « TAAnN timer capture/compare registers 0, 1

(TAANCCRO, TAANCCR1)
* TAAnN timer read buffer register (TAANCNT)
* CCRO buffer register, CCR1 buffer register

Input selection Selector control registers
registers (SELCNTO, SELCNT3)
Timer output TOAANO, TOAAN1

Timer input TIAANO, TIAANn1

Control registers ¢ TAAnN control registers 0, 1 (TAANCTLO, TAANCTL1)

¢ TAAnN I/O control registers 0 to 2 and 4
(TAANIOCO to TAANIOC2, TAANIOC4)

« TAAnN 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 31.

The block diagram of the timer TAA is shown below. Figure 10-2 to Figure 10-3
show the block diagrams of the input circuits of the different timers TAAN.
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Internal bus

PN
TAANCTLO iﬁ TAANIOC2 iﬁ TAANOPT1
LTAANCE | _TAANCKS2-0 |L_TAAnESS1-0 | TAARETSI0 |
1 | 1 T ] ]
TAAnCE TAANCSE
fxe1 or fxp2
fxp1/2 or fxp2/2 — TAANCCRO
fxe1/4 or fxe2/4 .
fxei/8 | 2 - L rr
fxp1/16 - 5
fxp1/32 @» TAANCNTO| C(ig{é)isl;gfrfer Load 8= INTTAANCCO
fxe1/64 T &
fxe1/128 or fx1/256 or fxr {} i I ||
. Clear TAANCE
deEtg%?or | Counter control 16-bit counter INTTAANOV
— < N
S
= Trigger CCR1 buffer | - % |> INTTAANCCA
5 Edge control register @
=2 detector T < »
- [
IS
i i
28 || Edge | TAANnCCR1
£ e detector
(9]
Z
*— Capture/compare
selection function
Edge
detector
Output [—"©@TOAANO
L controllert — =@ TOAAN1
| | I 1
[_TAANnIS3-0  |[TAANSYE[TAANEST] TAAnEEE|  TAAnMD2-0 ]| |[[_TAAnCCS1-0 TTAANOVF |1 |
TAANIOC1 TAANCTLA TAANOPTO TAANIOCO TAANIOC4
oc g A L Jman iocod p 0o 3 B
% Internal bus %

Figure 10-1 Block diagram of Timer AA
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TIAAOO © > Edge Edge

TSOUT
from GANO ————————* detector detector

TIAAO1 Q——— Edge Edge

INTTMOEQO J

detector detector

SELCNTO SELCNTO

Internal bus Internal bus

Figure 10-2 Input circuit of TAAO (left) and TAAL (right)

Edge
detector

Edge
detector

TIAA31 ©

SELCNTO

Internal bus

Figure 10-3 Input circuit of TAA3
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(1) 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 TAANOPTO.TAAnNCCSO.

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.

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

After a RESET, TAAnNCCRO register default status is compare register.
RESET input clears this register to 0000H.

Caution When external event counter mode is used, do not set TAANCCRO register to
0000H.

Address:  TAAOCCRO FFFFF596H, TAALICCRO FFFFF5A6H,
TAA2CCRO FFFFF5B6H, TAA3CCRO FFFFF5C6H,
TAA4CCRO FFFFF5D6H

After
reset

maccrol | | | [ [ T P [ [ T P ] [ [ | rw ooooH

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

« When used as a compare register, TAANCCRO can be rewritten when
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 capture trigger (TIAANO) input edge detection.

Note 1. The value of TAANCCRO register can be read/written when TAANCE bit of
TAAnN control register 0 (TAANCTLO) equals 1.

2. Access to the TAANCCRO register is prohibited when the main clock is
stopped in the subclock mode.
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(2) TAANCCRL1 - TAA capture/compare register 1

The TAANCCRL1 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 TAANOPTO.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, TAANCCR1 register default status is compare register.
RESET input clears this register to 0000H.

Caution When external event counter mode is used, do not set TAANCCR1 register to
0000H.

Address:  TAAOCCR1 FFFFF598H, TAALICCR1 FFFFF5A8H,
TAA2CCR1 FFFFF5B8H, TAA3CCR1 FFFFF5C8H,
TAAACCR1 FFFFF5D8H

After
reset

macert | | | [ [ T P [ [ T ] ] [ [ | rw ooooH

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

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

TAANCCR1 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
Count value is stored in TAANCCR1 upon capture trigger (TIAANn1) input
edge detection.
Note 1. The value of TAANCCR1 register can be read/written when TAANCE bit of
TAAnN control register 0 (TAANCTLO) equals 1.

2. Access to the TAANCCR1 register is prohibited when the main clock is
stopped in the subclock mode.
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(3) TAANCNT - TAA counter read buffer register
TAANCNT register is a read buffer register that can read 16-bit counter values.
This register is read-only, using a 16-bit memory manipulation instruction.
RESET input sets this register to 0000H.
When TAANCE bit of TAANCTLO equals 0, 0000H is read from this register.
The value of the register is read when TAANCE bit = 1.

Address:  TAAOCNT FFFFF59AH, TAALCNT FFFFF5AAH,
TAA2CNT FFFFF5BAH, TAA3CNT FFFFF5CAH,
TAA4CNT FFFFF5DAH

5 14 13 12 11 10 9 8 1 6 5 4 3 2 1 0 Rw
reset
moevt | [ [ [ [ [ [ [ T T T 1 1 1 [ [ ] = oood
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10.4

Note

1)
Access

Address

Initial Value

Note

Table 10-2

Input Selection Registers

These registers are used to select the inputs to timers.

1. Inthis 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 179.

2. Enable the related peripheral function only after setting/changing the
SELCNTN registers.

SELCNTO - Selector control register 0

This register can be read/written in 8-bit or 1-bit units.
FFFF F308.

004. This register is initialized by any reset.

* V850ES/FE3-L
* V850ES/FF3-L

7 6 5 4 3 2 1 0
| ISELO7 | 0 | 0 |ISELO4|ISEL03| ISELO2 | 0 | ISELOO |
RIW R R RW RW  RW R RIW

* VB50ES/FG3-L

7 6 5 4 3 2 1 0
| ISELO7 | 0 |ISEL05|ISELO4|ISEL03| ISEL02 | 0 | ISELOO |
RIW R RW RW RMW  RW R RIW

“R” bits marked with “0” must not be changed from their default value “0".

SELCNTO register contents

Bit position | Bit name

Function

7 ISELO7

Refers to Clock Generator

6 ISELO6

Selection of TIAA31:
0: TIAA31 pin
1: RXDD3 pin

5 ISELO5

Selection of TIAA30:
0: TIAA30 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: TIAAQO1 pin
1: INTTMOEQO signal from TMM

0 ISELOO

Selection of TIAA0O:
0: TIAAOO pin
1: TSO UT signal from CANO
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Note If the INTTMOEQO interrupt signal is used for the TIAAOL input signal, use in
the following range.
TMM operation clock period > TAA operation clock period x 4
(2) SELCNT3 - 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.
* VB50ES/FG3-L
3 2 1
[ o | o] o | o [ o [isE32] o | o |
R/W
Note “R” bits marked with “0” must not be changed from their default value “0".
Table 10-3 SELCNT3 register contents
Bit position | Bit name Function
2 ISEL32 Refers to Clock Generator
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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.

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

The TAANCTLO register is prohibited from writing during operation
(TAANCE=1). However, the TAANCE bit can be rewritten.

Address: TAAOCTLO FFFFF590H, TAALICTLO FFFFF5A0H,
TAA2CTLO FFFFF5BOH, TAA3CTLO FFFFF5COH,
TAA4ACTLO FFFFF5DOH

Symbol 7 6 5 4 3 2 1 0 R After
reset
TAAN TAAN TAAN TAAN
TAANCTLO CE 0 0 0 0 CKS?2 CKS1 CKSO R/W OOH
TAANCE Timer AAn operation control
0 Disable internal operating clock operation (TAAnN is asynchronously
reseted)
1 Enable internal operating clock operation

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 TAAN counts up.

Note In the following modes TAANCTLO.TAANCE cannot be set to “1”™:

« Slave timer in synchroneous operation mode

If the timer is operated as the slave timer in synchroneous operation mode,
i.e. TAANCTL1.TAANSYE = 1.

« 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).
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Selection of internal count clock
TAANCTLO register — —
SELCNT2.ISEL2[4:0] | n=024 n=1s3
TAAN | TAAn | TAAN nput _ _ _ _
cks2 | cksi | ckso PRSI=0 | PRSI=1 | PRSI=0 | PRSI=1
0 f f fyx/2 f fyx/2
0 0 0 XP1 XX XX XX XX
1 fxp2® fxx fxx/2 fxx fxx/2
X 0 1 1 |fxpy/8 fyx/8 fyx/16 fyx/8 fyx/16
X 1 0 1 |[fyxpa/32 | fyx/32 fyx/64 fyx/32 fyx/64
X 1 1 0 |fypy/64 | fyx/64 fux/128 | fyx/64 fyx/128
fyp1/128 | fyx/128 fyx/256 - -
X 1 1 1 XP1 XX XX
fxr - - fxr fxr

a) fxp2 has the same frequency as fyy, but doesn't stop in IDLE1 mode. Refer to “Clock Generator” on page 179

for details.

Note

Caution

1. PRSI can be set by the option bytes:
Refer to “Flash Memory” on page 259 for details.

Set bits TAANCKS2 to TAANCKSO only when TAANCE = 0.

When TAANCE bit setting is changed from 0 to 1, TAANCKS2 to TAANCKSO
bits can be set simultaneously.
When the main clock is stopped, the count operation with the subclock is not
available.
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(2) 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.
Address: TAAOCTL1 FFFFF591H, TAA1CTL1 FFFFF5A1H,
TAA2CTL1 FFFFF5B1H, TAA3CTL1 FFFFF5C1H,
TAA4CTL1 FFFFF5D1H
Symbol 7 6 5 4 3 2 1 0 R After
reset
TAAN TAAN TAAN TAAN TAAN TAAN
TAANCTL1 SYE EST EEE 0 0 MD2 MD1 MDO RIW O0H
TAANSYE Synchroneous operation mode enable control
0 Independent operation mode (asynchronous operation mode)

316

Synchroneous 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 synchroneous operation mode, refer to “Timer AA
Synchroneous Operation” on page 377.

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.

TAANEST Software trigger control

0 No operation

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.

The read value of the TAANEST bit is always 0.

TAANEEE Count clock selection

Use the internal clock (clock selected with TAANCKS2 to TAANCKSO

0 bits of TAANCTLO register)

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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Caution

TAAnNMD2 | 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

1.

Set bits TAANEEE and TAAnNMD2 to TAANMDO 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 theTAANEEE bit.

. Set the count clock to internal clock (TAANEEE = 0) when you use an

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 when

you use an external event count mode (TAANEES1 of the TAAnNIOC2
register and TAANEESO = 00).
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(3) 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 and written in 8-bit or 1-bit units.

RESET input clears this register to 00H.

Address: TAAOIOCO FFFFF592H, TAALICTLO FFFFF5A2H,
TAA2I0CO0 FFFFF5B2H, TAA3IOCO FFFFF5C2H,
TAA4IOCO FFFFF5D2H

Symbol 7 6 5 4 3 2 1 0 R After
reset
TAAN TAAN TAAN TAAN
TAANIOCO 0 0 0 0 OL1 OE1 oL OEO R/W 00H
TAANOLmM TOAANm output level setting
0 Normal output
1 Inverted output

This bit can be used to invert the timer output

TAANOEm TOAANm output setting

Timer output is disabled (Low level and high level are output from

0 TOAANm pin when TAANOLmM = 0 and TAANOLm = 1, respectively.)

1 Timer output is enabled (TOAANm pin outputs pulses.)

Caution 1. Rewrite bits TAANOLmM and TAANOEmM when 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 TAANIS3 to TAANISO of the TAANnIOC1 register to “No edge
detection” and invalidate the capture operation. Then set the corresponding
alternate-function port to output mode.

Note m=0,1
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(4) TAANIOC1 - TAA dedicated I/O control register 1

The TAANIOCL register is an 8-bit register that controls the valid edge for the
external input signals (TIAANO and TIAAN1).

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

RESET input clears this register to 00H.

Address: TAAOIOC1 FFFFF593H, TAA1IOC1 FFFFF5A3H,
TAA2I0C1 FFFFF5B3H, TAA3IOC1 FFFFF5C3H,
TAA4IOC1 FFFFF5D3H

Symbol 7 6 5 4 3 2 1 0 R After
reset
TAAn | TAAn | TAAn | TAAn
TAANIOC1 0 0 0 0 1S3 1S2 IS1 1S0 R/W 00OH
TAANIS3 TAANIS2 Capture input (TIAAn1) valid edge setting
0 0 No edge detection (capture operation is invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges
TAANIS1 TAANISO Capture input (TIAANO) valid edge detection
0 0 No edge detection (capture operation is invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

Caution 1. Bits TAANnIS3 to TAANISO 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 alternate-
function pins TAANOE1 and TAANOEO of the TAAnIOCO register 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" (TAANIS1 and TAANISO bits =
00).
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Rewrite during If the edge specification for the capture operation shall be changed, while the

timer operation timer remains in operation (TAANCTLO.TAANCE = 1), only a single bit of the
edge specification bits TAANIOC1.TAANIS[k:i] of a dedicated capture input may
be changed with a single write operation.

Consequently proceed as follows (TIAANO is used exemplarily):

« Change from rising edge to falling edge:
— current status is TAANIOC1.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 TAANIOC1.TAANIS[1:0] = 10g: “falling edge”
— set TAANIOC1.TAANIS[1:0] = 00g: specify “no edge”
— set TAANIOC1.TAANIS[1:0] = 01p: specify “rising edge”
< Change from rising or falling edge to both edges:
— current status is TAANIOC1.TAANIS[1:0] = 01 or 10g: “rising” or “falling
edge”
— set TAANIOC1.TAANIS[1:0] = 11p: specify “both edges”
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(5) 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 (TIAANnQO) and external trigger input signal
(TIAANO).

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

RESET input clears this register to 00H.

Address: TAAOIOC2 FFFFF594H, TAALIOC2 FFFFF5A4H,
TAA2I0C2 FFFFF5B4H, TAA3IOC2 FFFFF5C4H,
TAA410C2 FFFFF5D4H

Symbol 7 6 5 4 3 2 1 0 R After
reset

TAAN TAAN | TAAn | TAAn | TAAn

10C2 0 0 0 0 EEs1 | EEso | ETsi | erso | RMW OOH

External event count input valid edge setting
(TIAANO)

No edge detection(external event count is invalid).

TAANEES1 | TAANEESO

Detection of rising edge

Detection of falling edge

0 0
0 1
1 0
1 1

Detection of both edges

External trigger input valid edge detection
(TIAANO)

No edge detection (external trigger is invalid).

TAANETS1 | TAANETSO

Detection of falling edge

0 0
0 1 Detection of rising edge
1 0
1 1

Detection of both edges

Caution 1. Rewrite TAANEES1, TAANEESO, TAANETS1, and TAANETSO bits when
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. TAAnEES1 and TAANEESO bits are valid only when TAAnEEE = 1 or when
the external event count mode has been set
(TAANCTL1.TAANMD[2:0] = 001p).

3. TAANETS1 and TAANETSO bits are only valid when the external trigger
pulse output mode or one-shot pulse mode is set
(TAANMD[2:0] = 0105 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
TAANIOC2.TAANEESIk:i] / TAANIOC2.TAANETS[k:i] of a dedicated capture
input may be changed with a single write operation.

Consequently proceed as follows (TIAANO is used exemplarily):
In external event counter mode:

« Change from rising edge to falling edge:
— current status is TAANIOC2.TAANEES[1:0] = 01g: “rising edge”
— set TAANIOC2.TAANEES[1:0] = 005: specify “no edge”
— set TAANIOC2.TAANEES[1:0] = 10g: specify “falling edge”

« Change from falling edge to rising edge:
— current status is TAANIOC2.TAAnNEES[1:0] = 10g: “falling edge”
— set TAANIOC2.TAANEES[1:0] = 00g: specify “no edge”
— set TAANIOC2.TAANEES[1:0] = 015: specify “rising edge”
< Change from rising or falling edge to both edges:
— current status is TAANIOC2.TAANEES[1:0] = 01y or 10g: “rising” or
“falling edge”
— set TAANIOC2.TAANEES[1:0] = 115: specify “both edges”

In external trigger mode:

« Change from rising edge to falling edge:
— current status is TAANIOC2.TAANETS[1:0] = 015: “rising edge”
— set TAANIOC2.TAANETS[1:0] = 00g: specify “no edge”
— set TAANIOC2.TAANETS[1:0] = 10g: specify “falling edge”

< Change from falling edge to rising edge:
— current status is TAANIOC2.TAANETSS[1:0] = 10g: “falling edge”
— set TAANIOC2.TAANETS[1:0] = 00g: specify “no edge”
— set TAANIOC2.TAANEtS[1:0] = 015: specify “rising edge”
« Change from rising or falling edge to both edges:
— current status is TAANIOC2.TAANETS[1:0] = 01g 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) TAANIOC4 - TAA I/O control register 4

The TAANIOCA4 register is an 8-bit register that controls the output function of
Timer AA.

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

RESET input clears this register to 00H.

Address: TAAOIOC4 FFFFF59CH, TAA1IOC4 FFFFF5ACH,
TAA2|0C4 FFFFF5BCH, TAA3IOC4 FFFFF5CCH,
TAA410C4 FFFFF5DCH

After

Symbol 7 6 5 4 3 2 1 0 R/W
reset

TAAN TAAN TAAN TAAN
TAANIOC4 0 0 0 0 0s1 OR1 0S0 ORO R/W 0O0OH

TAANnOS1 | TAAnOR1 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.

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 TOAAN1
(TOAANO) maintains this level (i.e. no toggling afterwards) until the
TAANOS1 (TAANOSO0) and TAANOR1 (TAANORO) 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.

3. Writing to TAANIOCA4 is also possible, when TAANCTLO.TAANCE = 1.

4. The TAANnIOCA4 register can be used in the interval mode or the free
running mode. In other modes set this register to O0OH.

5. In the 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.
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(7) TAANOPTO - TAA option register 0

The TAAnOPTO register is an 8-bit register used to set the capture/compare
operation and detect overflow.

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

RESET input clears this register to 00H.

Address: TAAOOPTO FFFFF595H, TAALIOPTO FFFFF5A5H,

Symbol

TAA20PTO FFFFF5B5H, TAASOPTO FFFFF5C5H,
TAA4OPTO FFFFF5D5H, TAASOPTO FFFFF5E5H,
TAAGOPTO FFFFF5F5H, TAA7TOPTO FFFFF605H
After

7 6 5 4 3 2 1 <0> RIW
reset

TAANOPTO

TAAN TAAN TAAN
0 0 CCs1 CCSO 0 0 0 OVF RIW " O0H

Caution

324

TAANCCS1 TAANCCRL1 register capture/compare selection

0 Compare register selection

1 Capture register selection

The TAANCCS1 bit setting is valid only in the free-running mode.

TAANCCSO0 TAANCCRO register capture/compare selection

0 Compare register selection

1 Capture register selection

The TAANCCSO bit setting is valid only in the free-running mode.

TAANOVF Timer AA overflow detection

Set (1) Overflow occurrence

Reset (0) TAANOVF bit write or TAANCE =0

¢ The TAAnOVF hit is set when the 16-bit counter value overflows from FFFFH to
000O0H in the free-running mode and the pulse width measurement mode.

< An interrupt request signal (INTTAANOV) is generated as soon as TAANOVF bit is
set (1).
The(llleTAAnOV signal is not generated in any mode other than free-running
mode and the pulse width measurement mode.

* The TAANOVF bit is not cleared even when the TAANOVF bit and the TAANOPTO
register are read when TAANOVF = 1.

« The TAAnNOVF bit can be both read and written, but 1 cannot be written to the
TAANOVF bit from the CPU. Writing 1 has no influence on timer AA operation.

Rewrite TAANCCS1 and TAANCCSO bits when 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.
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(8)

TAANOPTL1 - TAA option register 1

The TAANOPTL1 register is an 8-bit register used to set the 32-bit capture mode
by cascading two Timer AA.

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

RESET input clears this register to 00H.

Address: TAAIOPT1 FFFFF5ADH, TAASOPT1 FFFFF5CDH

Symbol 7 6 5 4 3 2 1 <0>  Rw After
reset
TAANOPTL| AN | ¢ 0 0 0 0 0 0 R/W OOH
CSE
Note n=1,3
TAANCSE TAANCCRL1 register capture/compare selection
0 16-bit non-cascaded mode
1 Set 32-bit cascaded capture mode. Timer AAn becomes the upper 16-
bit and slave. The master timer is TAAm withm =n - 1.
Note 1. When setting TAANCSE, the timer becomes the upper 16-bit of a 32-bit

timer.
2. If TAAnCSE = 1, TAANCTLO.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:

* TAAO and TAA1
(TAAO will become master and will hold the lower 16-bit value)

* 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:

TAANCSE=0 TAnCSE=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 TAANCKSJ[2:0] Counter overflow from TAAmM

Capture Signal 0 TIAANO input with edge filter as | TIAAmMO with edge filter

selected by TAANIS[1:0] selected for TAAm
Capture Sianal 1 TIAAN1 input with edge filter as | TIAAm1 with edge filter
P g selected by TAANIS[3:2] selected for TAAm

Capture Interrupt | INTTAANCCO or INTTAANCC1 | INTTAAMCCO or INTTAAMCC1

n=1or 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 363.
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10.6 Operation

Timer AA can perform the following operations when not in cascade mode:

TAANEST TIAANO TAANnEEE 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 modeNote
One-shot pulse output Valid Valid Internal only Compare only Any time write
modeNOte
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
measurement modeN°te

Note

326

1. To use the external trigger pulse output mode, one-shot pulse mode, or
pulse width measurement mode, select a count clock by clearing the
TAANEEE bit of the TAANCTL1 register to 0.

2. When the external event count function is used, set the edge detection of
the TIAANO capture input to "No edge detection" (TAANIS1 and TAAnISO
bits of TAANIOCL1 register to "00").
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10.6.1 Anytime write and reload

@)

TAANCCRO and TAANCCRL1 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.

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

|

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
¢ Dot DO1
/ / D02
16-bit B
D11 D11 D12 / D12
counter / / /Z
TAANCCRO D01 T D02
CCRO buffer
register 0000H D01 >< D02
TAANCCR1 D11 1 D12
CCR1 buffer
register 0000H D11 D12
INTTAANCCO [ [

INTTAANCCH1 [ [ [] [l

Figure 10-5 Timing diagram for anytime write

D01, D0O2: Setting values of TAANCCRO register (0000H to FFFFH)
D11, D12: Setting values of TAANCCR1 register (0000H to FFFFH)

The above timing chart illustrates an example of the operation in the interval
timer mode.
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)

Reload

When data is written to the TAANCCRO and TAANCCRL 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 TAANCCRL1 registers can be
rewritten when TAAnCE = 1.

So that the set values of the TAANCCRO and TAAnNCCR1 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 TAANCCRL1 registers are reloaded.

Whether the next reload timing is made valid or not is controlled by writing to
the TAANCCRL1 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

¢ 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 TAANCCRL register includes an operation to enable reload.
Therefore, rewrite the TAANCCRL register after rewriting the TAANCCRO
register.
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Note

16-bit
counter

TAAnCCRO

CCRO buffer
register

TAANCCR1

CCR1 buffer
register

INTTAANCCO

INTTAANCCH

Figure 10-7

Note

1. Above flowchart illustrates an example of the PWM mode operation.
2. m=0,1

TAANCE =1

e Do+

Do1 X Doz X Dos
L] | (] 1 L1 | |
0000H X’ Dor X! Doz X' Dos
Note -
| | | | {1 Same value write | [
D11 X D12 X D12
L] | (] 1 1 L] | |
0000H D11 ! D1z ! Di2
Note

Timing chart for reload

Reload is not performed because TAANCCRL1 register is not written.

D01, D02, D03: Setting value of TAANCCRO register (0000H to FFFFH)
D11, D12: Setting value of TAANCCR1 register (0000H to FFFFH)

Above flowchart illustrates PWM mode operation.
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10.6.2 Interval timer mode (TAANMD2 to TAANMDO = 000g)

In the interval timer mode, an interrupt request signal (INTTAAnNCCO) is
generated upon a match between the setting value of the TAANCCRO register
and the value of the 16-bit counter, and the 16-bit counter is cleared. The
TAANCCRO 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 TAANCCRL1 register is not performed.
However, the setting value of the TAANCCR1 register is transferred to the
CCRL1 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,
TOAALN pin output is also possible by setting the TAANOEL bit to 1.

When the TAANCCRLI register is not used, it is recommended to set FFFFH as
the setting value for the TAANCCRL register.

When performing timer output with the TOAANL pin, set the same values to the
TAANCCRO register and the TAANCCR1 register since the 16-bit timer counter
cannot be cleared with the TAANCCRL register.

START

Initial settings
* Clock selection
(TAANCTLO: TAANCKS[2:0])
* Interval mode setting
(TAANCTL1: TAANMD[2:0] = 000B)
* Compare register setting
(TAANOPTO: TAANCCS[1:0]= 00)

Timer operation enable (TAANCE = 1)

— Transfer of TAANCCRO, TAANCCRH1
values to CCRO buffer register
and CCR1 buffer register

o

Match between 16-bit counter and
CCR1 buffer register Note

Match between 16-bit counter and
CCRO buffer register, —— INTTAANCCO output
16-bit counter clear & start

— INTTAANCC1 output

Figure 10-8 Flowchart of basic operation in interval timer mode
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Note The 16-bit counter is not cleared when its value matches the value of

TAANCCR1.
TAANCE =1
FFFFH D o
Dz,
16-bit Ds Ds Ds /
counterN°t®

TAAnCCRO D1 >< D2

Y Y
CCRO buffer 45,014 D1 D2
register
TAARCCR1 Ds
CCR1 buffer '
register 0000H Ds

— i i i
i i i

TOAANO

TOAAN1

to1 to1 b2

Figure 10-9 Basic operation timing in interval timer mode
when D1 > D2 > D3; only TAANCCRO register value is written, and
TOAANO and TOAAN1 are not output
(TAANOEO = 0, TAANOE1 = 0, TAANOLO = 0, TAANOL1 = 1)

Note The 16-bit counter is not cleared when its value matches the value of
TAANCCRI1.

D1, D2: Setting values of TAANCCRO register (0000H to FFFFH)
D3: Setting value of TAANCCRL1 register (0000H to FFFFH)

Interval time (tp,)= (Dn + 1) x (count clock cycle)
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FFFFH

16-bit
counter

TAANCCRO

CCRO buffer
register

TAANCCR1

CCR1 buffer
register

INTTAANCCO

INTTAANCC1

TOAANO

TOAAN1

Figure 10-10 Basic operation timing in interval timer mode

TAANCE =1
Di=D2 D1 =D2 Di=D2 ——
D1
'
0000H D1
D2
'
0000H D2
to1 = to2 to1 = tb2 to1 = tp2

when D1 =D2; TAANCCRO and TAANCCR1 are not rewritten, and TOAANO

and TOAAnN1 are output

(TAANOEO = 1, TAANOE1 = 1, TAANOLO = 0, TAANOL1 = 1)

D1: Setting value of TAANCCRO register (O000H to FFFFH)
D2: Setting value of TAANCCRL1 register (O000H to FFFFH)

Interval time (tp,,) = (Dn + 1) x (count clock cycle)
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When a new value is written to the TAANCCRO register that is smaller than the
TAAN counter value at that moment, the counter will run to up to FFFFH and
restart counting at 0000H. When the value of the counter then matches the
TAANCCRO register a compare event will occur..
FFFFH D y
16-bit counte
D2 D2 Dz
TAANCE bit Rewrite of
TAAHCCRU
register
TAARCCRO D1 D2
INTTAARCCO

:

-

-

Figure 10-11 Rewriting of the compare register with a smaller value than the current
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counter value
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10.6.3 External event counter mode (TAANMD2 to TAANMDO = 001g)

In the external event count mode, the external event count input (TIAANO pin
input) is used as a count-up signal. Regardless of the setting of the TAANEEE
bit of the TAANCTLO register, 16-bit timer/event counter AA counts up the
external event count input (TIAANO pin input) when it is set in the external
event count mode. In the external event count mode, an interrupt request
(INTTAANCCO) is generated when the set value of the TAANCCRO register
matches the value of the 16-bit counter, and the value of the 16-bit counter is
cleared.

When a value is set to the TAANCCRO register with a write instruction from the
CPU, itis transferred to the CCRO buffer register through any time write, and is
compared with the 16-bit counter value.

In the external event counter 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.

The 16-bit counter can not be cleared using TAANCCR1 register. However, the
setting value of the TAANCCRL register is transferred to the CCR1 buffer
register and compared with the value of the 16-bit counter, and an interrupt
request (INTTAANCC1) is output if these values match.

Moreover, TOAANm pin output is also possible by setting the TAANOEm bit
to 1.

When performing timer output with the TOAAN1 pin, set the same values to
TAANCCRO register and TAANCCR1 register since the 16-bit counter cannot
be cleared with CCR1 buffer register.

The TAANCCRO register can be rewritten when TAANCE = 1. When
TAANCCRL1 register is not used, it is recommended to set TAANCCRL1 register
to FFFFH.
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START

Initial setting

* Clock selection
(TAAnCTLO: TAANCKS[2:0])
* Set external event count mode
(TAANCTL1: TAAnMD[2:0] = 001B)Note 1
* Set valid edge
(TAANIOC2: TAANEES[1:0])
* Compare register setting
(TAANCCRO and TAANCCR1)
(TAANOPTO: TAANCCS[1:0]=00)

Timer operation enable (TAANCE = 1)

— Transfer of TAANCCRO, TAANCCR1
values to CCRO buffer register
and CCR1 buffer register

16-bit counter matches
CCR1 buffer registerNote 2

16-bit counter matches
CCRO buffer register.
Clear and start 16-bit counter

— INTTAAnCC1 output

INTTAANCCO output

Figure 10-12 Flowchart of basic operation in external event counter mode

Note

1. Selection of the TAANEEE bit has no influence.

2. The 16-bit counter is not cleared upon a match between the 16-bit counter

and the CCR1 buffer register.
3. m=0,1
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FFFFH

16-bit

counter

TAANCCRO

CCRO buffer
register

TAANCCR1

CCR1 buffer
register

INTTAANCCO

INTTAANCC1

TOAAN1

TAANCE =1

D1 >< D2

0000H

? ?
. T s

0000H

|

Ds

Figure 10-13

Basic Operation Timing in External Event Counter Mode
When D1 > D2 > D3; rewrite TAANCCRO only; TOAANL1 is not output
(TAANOEO = 0, TAANOE1 = 0, TAANOLO =0, TAANOL1 = 1)

D1, D2: Setting values of TAANCCRO register (0000H to FFFFH)
D3: Setting value of TAANCCRL1 register (0000H to FFFFH)

Number of event counts = (Dn + 1)
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FFFFH

16-bit
counter

TAANnCCRO

CCRO buffer
register

TAANCCR1

CCR1 buffer
register

INTTAANCCO

INTTAANCCH1

TOAAN1

TAANCE =1
D1=D2 D1=D2 — Di=D2 ——
D
Y
0000H D1
D2
]
0000H D2

Figure 10-14 Basic Operation Timing in External Event Counter Mode
When D1 = D2; TAANCCRO and TAANCCRL1 are not rewritten, TOAAN1 is

338

output

(TAANOEO = 1, TAANOE1 = 1, TAANOLO = 0, TAANOL1 = 1)

D1: Setting value of TAANCCRO register (0000H to FFFFH)
D2: Setting value of TAANCCRL1 register (0000H to FFFFH)

Number of event count = (Dn + 1)
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10.6.4 External trigger pulse mode (TAANMD2 to TAANMDO = 010g)

Caution

Note

When TAANCE =1 in the external trigger pulse mode, the 16-bit counter stops
at FFFFH and waits for a trigger condition (input of an external trigger (TIAAnO
pin input) or SW trigger by setting of TAANEST bit)). When the counter detects
the trigger condition. The duty factor of the signal output from the TOAAN1 pin
is set by a reload register (TAANCCR1) and the period is set by a compare
register (TAANCCRO).

Rewriting the TAANCCRO and TAANCCRL1 registers is enabled when
TAANCE = 1.

To ensure that the selected values of the TAANCCRO and TAANCCRL1 registers
after rewriting are compared with the value of the 16-bit counter (reloaded to
the CCRm buffer register), the TAANCCRO register and then the TAANCCR1
register must be written before the value of the 16-bit counter matches the
value of the TAANCCRO register.

When the value of the TAANCCRO register later matches the value of the 16-bit
counter, the values of the TAANCCRO and TAANCCRL1 registers are reloaded
to the CCRm buffer register.

Whether the next reload timing is made valid or not is controlled by writing to
the TAANCCRL register. Therefore, write the same value to the TAANCCR1
register when it is necessary to rewrite the value of only the TAAnNCCRO
register.

Reload is invalid when only the TAANCCRO register is rewritten. To stop timer
AA, clear TAANCE to 0. If the edge of the external trigger (TIAANO pin input) is
detected more than once in the external trigger pulse mode, the 16-bit counter
is cleared at the point of edge detection, and resumes counting up. To realize
the same function as the external trigger pulse mode by using a software
trigger instead of the external trigger input (TIAANO pin input) (software trigger
pulse mode), a software trigger is generated by setting the TAANEST bit of the
TAANCTL1 register to 1.

When using a software trigger, a square wave that has one cycle of the PWM
waveform as half of its own cycle can also be outputed from the TOAANO pin.

The waveform of the external trigger pulse is output from TOAANL. A toggle
output is produced from the TOAANO pin when the value of the TAANCCRO
register matches the value of the 16-bit counter.

In the external trigger pulse mode, the capture function of the TAANCCRO and
TAANCCRL1 registers cannot be used because these registers can be used
only as compare registers.

In the external trigger pulse mode, select the internal clock (TAANEEE bit of
TAANCTL1 register = 0) for the count clock.

1. For the reload operation when TAANCCRO and TAANCCR1 are rewritten
during timer operation, refer to “PWM mode (TAANMD2 to TAANMDO =
100g)” on page 345.

2. m=0,1
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START

* Clock selection
(TAAnCTLO: TAANCKS[2:0],
TAANCTL1: TAANEEE=0)
* External trigger pulse output mode
setting
(TAAnCTL1: TAANMDI[2:0] = 010B)
» Compare register setting
(TAANCCRO, TAA,CCR1)
(TAANOPTO: TAANCCS[1:0] = 00)

Timer operation enable (TAANCE = 1)

— Transfer of TAANCCRO, TAANCCR1
values to CCRO buffer register
and CCR1 buffer register

External trigger (TIAANO pin) input,
or TAANEST =1
— 16-bit counter start Note

External trigger
pin input (TIAANO)

16-bit counter
clear & start

-t

Match between 16-bit counter and
CCR1 buffer register Note 1

Match between 16-bit counter and
CCRO buffer register,
16-bit counter clear & start

— INTTAANnCC1 output

—m» INTTAANCCO output

Figure 10-15 Flowchart of Basic Operation in External Trigger Pulse Output Mode
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FFFFH

16-bit
counterNote

External trigger
(TIAANO pin)

TAANCCRO

CCRO buffer
register

TAAnCCR1
CCR1 buffer
register
TOAAN1
TOAANO

TAANCE =1
Dot A— Doz u
/ e
D11 / D11
\ Dot Doz
| 1 | | | | | \ | | | |
0000k X ! Dor X’ Doz
| | | | | | | | | |
\ D11 X D12
| | | | | | | | | |
000oH Y ' D11 ' Dia

Figure 10-16 Basic Operation Timing in External Trigger Pulse Output Mode

(TAANOEO = 1, TAANOE1 = 1, TAANOLO = 0, TAANOL1 = 0)

Note The 16-bit counter is not cleared when it matches the CCR1 buffer register.

D01, D02: Setting value of TAANCCRO register (0000H to FFFFH)
D11, D12: Setting value of TAANCCR1 register (0000H to FFFFH)

Duty of TOAAN1 output =

(Set value of TAANCCRL register) / (Set value of TAAOCCRO register)
Cycle of TOAAN1 output =

(Set value of TAANCCRO register + 1) - (Count clock cycle)
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10.6.5 One-shot pulse mode (TAAnMD2 to TAANMDO = 011g)

Caution

When TAANCE is set to 1 in the one-shot pulse mode, the 16-bit counter waits
for the setting of the TAANEST bit (to 1) or a trigger that is input when the edge
of the TIAANO pin is detected, while holding FFFFH. When the trigger is input,
the 16-bit counter starts counting up.

When the value of the 16-bit counter matches the value of the CCR1 buffer
register that has been transferred from the TAANCCR1 register, TOAAN1 goes
high. When the value of the 16-bit counter matches the value of the CCRO
buffer register that has been transferred from the TAANCCRO register, TOAAn1
goes low, and the 16-bit counter is cleared to 0000H and stops. Input of a
second or subsequent trigger is ignored while the 16-bit counter is operating.
Be sure to input a second trigger while the 16-bit counter is stopped at 0000H.
In the one shot pulse mode, rewriting the TAANCCRO and TAANCCRLI registers
is enabled when TAANCE = 1. The set values of the TAANCCRO and
TAANCCRL1 registers become valid after a write instruction from the CPU is
executed. They are then transferred to the CCRO and CCR1 buffer registers,
and compared with the value of the 16-bit counter. The waveform of the one-
shot pulse is output from the TOAAN1 pin. The TOAANO pin produces a toggle
output when the value of the 16-bit counter matches the value of the
TAANCCRO register. In the one-shot pulse mode, the TAANCCRO and
TAANCCRL1 registers function only as compare registers. They cannot be used
as capture registers.

1. In the one-shot pulse mode, select the internal clock (TAANEEE bit of
TAANCTL1 register = 0) as the count clock.

2. In the one-shot pulse mode, it is prohibited to set the TAANCCR1 register to
0000H.
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START

Initial settings
* Clock selection
(TAANCTL1: TAANEEE = 0)
(TAANCTLO: TAANCKSJ[2:0])
* One-shot pulse mode setting
(TAANCTL1: TAAnMD[2:0]=011)
* Compare register setting
(TAANCCRO, TAANCCR1)

Timer operation enable (TAANCE = 1)
— Transfer of TAANCCRO, TAANCCR1
values to CCRO buffer register

and CCR1 buffer register

Trigger wait status, 16-bit counter in
standby at FFFFH

o

External trigger (TIAANO pin) input,
or TAANEST =1
— 16-bit counter start

Trigger wait status, 16-bit counter Match between 16-bit counter and
in standby at 0000H CCRH1 buffer register Note 2 — INTTAANCC1 output

Match between 16-bit counter and
CCRO buffer register,
16-bit counter clear & start

Note 1

— INTTAANnCCO output

Figure 10-17 Flowchart of Basic Operation in One-Shot Pulse Mode
Note 1. Only the TAANEST bit of the TAANCTL1 register can be rewritten during
the timer operation (TAANCE = 1).

2. The 16-bit counter is not cleared upon a match between the values of the
16-bit counter and the CCR1 buffer register.

Caution The 16-bit counter is not cleared when a trigger input is performed during the
count-up operation of the 16-bit counter.
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TAANCE =1 TAAnEST =1

FFFFH

D D
Note Do - ;
e N / . / . /
counter

External trigger

— 1
|
|

(TIAANO pin)

TAANCCRO \ Do

o I T TT T T T T
regLijster 0000H+ Do

TAANCCR1 N\ D1

e I T T TT T T T T
reglijstg 0000H, D

INTTAANCCO —l —l —l
INTTAANCCH1 —| —| —|

TOAAN1

TOAANO

Figure 10-18 Timing of Basic Operation in One-Shot Pulse Mode
(TAANOEO = 1, TAANOE1 = 1, TAANOLO = 0, TAANOL1 = 0)

Note The 16-bit counter starts counting up when either TAANEST = 1 is set or the
external trigger (TIAANO) is input.

DO: Setting value of TAANCCRO register (0000H to FFFFH)
D1: Setting value of TAANCCRL1 register (0000H to FFFFH)

Active level period of TOAAN1 pin output is (setting value of TAANCCRO -
setting value of TAANCCRL1 + 1) x count clock period

Output delay period = (setting value of TAANCCR 1 register) x count clock
period
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10.6.6 PWM mode (TAAnNMD2 to TAANMDO = 100g)

In the PWM mode, TAANn capture/compare register 1 (TAANCCR1) is used to
set the duty factor and TAAn capture/compare register 0 (TAANCCRO) is used
to set the cycle. By using these two registers and operating the timer, variable-
duty PWM is output.

Rewriting the TAANCCRO and TAANCCRL1 registers is enabled when
TAANCE = 1.

So that the set values of the TAANCCRO and TAANCCRL registers are
compared with the value of the 16-bit counter (reloaded to the CCRO and
CCRL1 buffer registers), the TAANCCRO register must be rewritten and then a
value must be written to the TAANCCRL1 register before the value of the 16-bit
counter matches the value of the TAANCCRO register.

The values of the TAANCCRO and TAANCCR1 registers are reloaded when the
value of the TAANCCRO register later matches the value of the 16-bit counter.
Whether the next reload timing is made valid or not is controlled by writing to
the TAANCCRL register. Therefore, write the same value to the TAANCCR1
register even when only the value of the TAANCCRO register needs to be
rewritten. Reload is invalid when only the value of the TAANCCRO register is
rewritten.

To stop timer AA, clear TAANCE to 0.

The waveform of PWM is output from the TOAAN1 pin. The TOAANO pin
produces a toggle output when the 16-bit counter matches the TAANCCRO
register.

In the PWM mode, the TAANCCRO and TAAnNCCR1 registers are used only as
compare registers. They cannot be used as capture registers.
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START

o Select clock.
e Set PWM mode.

e Set compare register.

Initial setting

(TAANCTLO: TAANCKS[2:0])

(TAANCTL1: TAANMDI[2:0] = 100B)

(TAANCCRO, TAANCCR1)

Enable timer operation (TAANCE = 1)
— Transfer value of TAANCCRm
register to CCRm buffer register

16-bit counter matches TAANCCR1.
TOAANT1 outputs inactive level.

16-bit counter matches TAANCCRO.
Clear and start 16-bit counter.
TOAAN1 outputs active level.

|

— INTTAANCC1 output

INTTAANCCO output

Figure 10-19 Flowchart of Basic Operation in PWM Mode
When values of TAANCCRO, TAAnNCCR1 registers are not rewritten during
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timer operation
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Figure 10-20

Note

START

Initial setting
e Select clock.
(TAANCTLO: TAANCKSJ[2:0])
e Set PWM mode.
(TAANCTL1: TAANMDI[2:0] = 100B)
e Set compare register.
(TAANCCRO, TAANCCR1)

Enable timer operation (TAANCE = 1)
— Transfer value of TAANCCRm
register to CCRm buffer register

16-bit counter matches TAANCCR1.

— INTTAA| 1 output
TOAANT1 outputs inactive level. nCC1 outpu

16-bit counter matches TAANCCRO.
Clear and start 16-bit counter.
TOAANT outputs active level.

| \

Rewrite TAANCCRO. <1>

|

16-bit counter matches
CCR1 buffer register. <2> >N Ht ] INTTAANCCH1 output
TOAANT1 outputs inactive level. ote

INTTAANCCO output

Rewrite TAANCCR1. <3> Reload is enabled

¢ CCRO buffer register matches 16-bit INTTAANCCO output
counter.

o Clear and start 16-bit counter.

e Value of TAANCCRm is reloaded to

CCRm buffer register.

Flowchart of Basic Operation in PWM Mode
When values of TAANCCRO, TAANCCR1 registers are rewritten during
timer operation

1. The timing of <2> in the above flowchart may differ depending on the
rewrite timing of steps <1> and <3> and the value of TAANCCR1, but make
sure that step <3> comes after step <1>.

2. m=0,1
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TAANCE =1

FFFFH

Doo Doo Doo Doo

D11 /__ [
16-bit D1o Dio

counter D12

TAANCCRO X Doo

| ) | | | [ | |
CCRO buffer 0000H X Doo
register | | | | | | |

TAANCCR1 X D1o D11 X Di2 X D13

CCR1 buffer OOOOHX' D1o XV D11 ' D12 D13
register

TOAAN1

TOAANO

Figure 10-21 Basic Operation Timing in PWM Mode
When rewriting TAANCCR1 value
(TAANOEO = 1, TAANOE1 = 1, TAANOLO = 0, TAANOL1 = 0)

DO0O0: Set value of TAANCCRO register (0000H to FFFFH)
D10, D11, D12, D13: Set value of TAANCCRL1 register (0000H to FFFFH)

Duty of TOAAN1 output =
(Set value of TAANCCRL register) / (Set value of TAANCCRO register + 1)

Cycle of TOAAN1 output =
(Set value of TAANCCRO register + 1) x (Count clock cycle)

Toggle width of TOAANO output =
(Set value of TAANCCRO register + 1) x (Count clock period)
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TAANCE =1
FFFFH Doo
Dot Do1
Doz
16-bit D11 D11 /
counter D1o D1z

TAAnCCRO Doo X Dot X Doz \X Dos

T ! T ot [ g S —
Y Y = ’
CCRO buffer  goooH Doo Do1 Doz Dos
register f
r-Same value write
TAANCCR1 Do X D11 X D12 D12
I \' | I \' | | | I \' | I
CCRT1 buffer  0000H Do D11 D12 12
register
TOAAN1
TOAANO

Figure 10-22 Basic Operation Timing in PWM Mode
When TAANCCRO, TAANCCR1 values are rewritten
(TAANOEO =1, TAANOEL =1, TAANOLO = 0, TAANOL1 = 0)

Note Reload is not performed because the TAANCCR1 register was not rewritten.

D00, D01, D02, DO3: Setting values of TAANCCRO register (0000H to FFFFH)
D10, D11, D12, D13: Setting values of TAANCCRL1 register (O000H to FFFFH)

Duty of TOAAN1 output =
(Set value of TAANCCRL register) / (Set value of TAANCCRO register + 1)

Cycle of TOAAN1 output =
(Set value of TAANCCRO register + 1) x (Count clock cycle)

Toggle width of TOAANO output =
(Set value of TAANCCRO register + 1) x (Count clock cycle)

Note To output a 0% duty PWM signal set the TAANCCR1 register to 0.

To output a 100% duty PWM signal set the TAANCCR1 register to the value of
the CCRO register +1. Do not set a value of FFFFH to the CCR1 register.
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10.6.7

Caution

Free-running mode (TAAnNMD2 to TAANMDO = 101g)

In the free-running mode, both the interval function and the compare function
can be realized by operating the 16-bit counter as a free-running counter and
selecting capture/compare operation with the TAANCCS1 and TAAnNCCSO bits.

The settings of the TAANCCS1 and TAANCCSO bits of the TAANOPTO register
are valid only in the free-running mode.

TAANCCS1 Operation
0 Use TAANCCRL1 register as compare register
1 Use TAANCCRL1 register as capture register
TAANCCSO Operation
0 Use TAANCCRO register as compare register
1 Use TAANCCRO register as capture register

* Using TAANCCRL1 register as compare register
An interrupt is output upon a match between the 16-bit counter and the
CCRL1 buffer register in the free-running mode.
Rewrite during compare timer operation is enabled and performed with any
time write mode. (Once the compare value has been written,
synchronization with the internal clock is done and this value is used as the
16-bit counter comparison value.)
When timer output (TOAAN1) has been enabled, TOAAN1 performs toggle
output upon a match between the 16-bit counter and the CCR1 buffer
register.

« Using TAANCCRL1 register as capture register
The value of the 16-bit counter is saved to the TAANCCRL register upon
TIAAN1 pin edge detection.

» Using TAANCCRO register as compare register
An interrupt is output upon a match between the 16-bit counter and the
CCRO buffer register in the free-running mode.
Rewrite during compare timer operation is enabled and performed with any
time write mode. (Once the compare value has been written,
synchronization with the internal clock is done and this value is used as the
16-bit counter comparison value.)
When timer output (TOAANO) has been enabled, TOAANO performs toggle
output upon a match between the 16-bit counter and the CCRO buffer
register.

« Using TAANCCRO register as capture register
The value of the 16-bit counter is saved to the TAANCCRO register upon
TIAANO pin edge detection.

When the TAAnEEE bit of AANCTL1 register is set to 1 and the count clock is
set to the external event count input, the TAANCCRO register cannot be used
as the capture register.
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START

Initial settings
e Clock selection
(TAANCTLO: TAANCKS[2:0])

o Free-running mode setting
(TAANCTL1: TAANMDI[2:0] = 101B)

TAANCCSJ[1:0] setting

TAANCCS[1:0] = 00 TAANCCS[1:0] = 01 TAAnCCS[1:0] = 10 TAANCCS[1:0] = 11
Timer operation enable TIAANO edge detection TIAAN1 edge detection TIAANO, TIAAn1 edge det.
(TAANCE = 1) setting (TAANIS1, TAANISO) setting (TAANIS3, TAANIS2) setting (TAANIS[3:0])
— Transfer of TAANCCRO [
and TAANCCR1 values Timer operation enable

to CCRO and CCR1 -
t:Lffer reg?sr:ers (TAANCE = 1) Timer operation enable Timer operation enable
(TAANCE = 1) (TAANCE = 1)
— Transfer of TAANCCR1
value to CCR1 buffer _s Transfer of TAANCCRO
register value to CCRO buffer
Lol register
- TIAAN1 edge detection,
Match between CCR1 = - capture of 16-bit counter
buffer and 16-bit value to TAANCCR1.
counter Match between CCR1
buffer and 16-bit TIAAN1 edge detection, |
‘ counter capture of 16-bit counter
value to TAANCCR1. TIAANO edge detection,
capture of 16-bit counter
Match between CCRO ‘
buffer and 16-bit value to TAANCCRO.
counter .
TIAANO edge detection, |
capture of 16-bit counter Ma;ETfo;WnZinGiﬁRo
‘ value to TAANCCRO. counter 16-bit counter overflow
16-bit counter overflow ‘ |

16-bit counter overflow 16-bit counter overflow
L] —

Figure 10-23 Flowchart of Basic Operation in Free-Running Mode
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(1) When TAANCCS1 =0, and TAAnNCCSO = 0 settings (interval function
description, compare function)
When TAANCE = 1 is set, the 16-bit counter counts from 0000H to FFFFH and
the free-running count-up operation continues until TAANCE = 0 is set.
In this mode, when a value is written to the TAANCCRO and TAANCCR1
registers, they are transferred to the CCRO buffer register and the CCR1 buffer
register (any time write mode). In this mode, no one-shot pulse is output even
when an one-shot pulse trigger is input. Moreover, when TAANOEm = 1 is set,
TOAANnm performs toggle output upon a match between the 16-bit counter and
the CCRm buffer register.
TAANCE = 1
FFFFH
Dot
D11
16-bit D
counter Dog Doo
Dio
TAANCCRO Doo X\ Dot
| | | | | | | | | |
CCRO buffer ¥ ¥
register 0000H Doo X Do+
INTTAANCCO |
match interrupt —l —l
TAANCCR1 Do X D11
| | | | | | | | | |
CCR1 buffer
register 0000H ' Dio X ' D11
INTTAANCCH
match interrupt —l —l —l
TOAANO
TOAANT
INTTAANOV —l —l
TAANOVF
Clear by writing 0 to TAANOVF Clear by writing 0 to TAANOVF
Figure 10-24 Basic Operation Timing in Free-Running Mode
(TAANCCS1 =0, TAANCCSO0 = 0)
(TAANOEO = 1, TAANOE1 = 1, TAANOLO = 0, TAANOL1 = 0)
D00, DO1: Setting values of TAANCCRO register (0000H to FFFFH)
D10, D11: Setting values of TAANCCR1 register (0000H to FFFFH)
TOAANO output toggle width = (Setting values of TAANCCRO register) x (count
clock cycle)
TOAAN1 output toggle width = (Setting values of TAANCCR1 register)
TOAANnm output goes high when counting is started.
Note m=0,1
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FFFFH

16-bit
counter

TIAANO

TAANCCRO

TIAAN1

TAANCCR1

INTTAANCCO
capture interrupt

INTTAANCC1
capture interrupt

INTTAANOV

TOAANO

TOAAN1

(2) When TAANCCS1 =1 and TAANCCSO =1 settings (capture function

description)

When TAANCE = 1, the 16-bit counter counts from 0000H to FFFFH and free-
running count-up operation continues until TAANCE = 0 is set. During this time,
values are captured by capture trigger operation and are written to the
TAANCCRO and TAANCCRL1 registers.

Regarding capture close to the overflow (FFFFH), judgment is made using the
overflow flag (TAANOVF). However, if overflow occurs twice (two or more free-
running cycles), the capture trigger interval cannot be judged with the
TAANOVF flag. In this case, the system should be revised.

TAANCE =1
D1 Doz
D12
Doo Dot D11
Dos
////////7 ,///////27 7
| L L]
' | . ' rl |
0000H Dao Dot Doz Dos
| T
. ' '
0000H D1o D11 D12
| L L]

Figure 10-25 Basic Operation Timing in Free-Running Mode

(TAANCCS1 = 1, TAANCCSO = 1)
(TAANOEO = 1, TAANOEL = 1, TAANOLO = 0, TAANOL1 = 0)

D00, D01, D02, DOS3:

Values captured to TAANCCRO register (O000H to FFFFH)
D10, D11, D12:

Values captured to TAANCCRL register (O000H to FFFFH)

TIAANO: Set to rising edge detection (TAANIS1, TAANISO = 01)
TIAANL: Set to falling edge detection (TAANIS3, TAANIS2 = 10)
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FFFFH

16-bit
counter

TAANCCRO

CCRO buffer
register

INTTAANCCO
mactch interrupt

TIAAN1

TAANCCR1

(3) When TAANCCS1 =1 and TAANCCS0=0

When TAANCE = 1 is set, the counter counts from 0000H to FFFFH and free-
running count-up operation continues until TAANCE = 0 is set. The TAAnNCCRO
register is used as a compare register. An interrupt signal is output upon a
match between the value of the 16-bit counter and the setting value transferred
to the CCRO buffer register from the TAANCCRO register as an interval
function. Even if TAANOEL = 1 to realize the output function, TAANCCR1
register cannot control TOAAN1 because it is used as capture register.

TAANnCE=1

D11 Dot Z

D1o D14D15
Doo Doo

n
— b = e

Figure 10-26 Basic Operation Timing in Free-Running Mode
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(TAANCCS1 = 1, TAANCCSO = 0)
(TAANOEQ = 1, TAANOE1 = 1, TAANOLO = 0, TAANOL1 = 0)

D00, DO1:

Setting compare values of TAANCCRO register (0000H to FFFFH)
D10, D11, D12, D13, D14, D15:

Values captured to TAANCCRL1 register (O000H to FFFFH)

TIAANL:
Set to detection of both rising and falling edges (TAANIS3, TAAnIS2 = 11)
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(4)

When TAANCCS1 =0 and TAANCSO =1

When TAANCE is set to 1, the 16-bit counter counts from 0000H to FFFFH and
free-running count-up operation continues until TAANCE = 0 is set. The
TAANCCRL1 register is used as a compare register. An interrupt signal is output
upon a match between the value of the 16-bit counter and the setting value of
the TAANCCRL1 register as an interval function. When TAAnNOE1 =1 is set,
TOAAnN1 performs toggle output upon mach between the value of the 16-bit
counter and the setting value of the TAANCCRL1 register.

Even if TAANOEOQ = 1 to realize the output function, TAANCCRO register cannot
control TOAANO because it is used as capture register.

TAANCE =1
FFFFH
y Doz
16-bit D1o Df
counter Do1 D12
D11 / D1 /
/
TIAANO |_
TAANCCRO 0000H Doo Dot Doz Dos
INTTAANCCO _l _l B _l
capture interrupt

TAANCCR1

CCR1 buffer
register 0000H

INTTAANCC1
match interrupt

INTTAANOV

TOAANO |

TOAAN1

Figure 10-27

)

Basic Operation Timing in Free-Running Mode
(TAANCCS1 =0, TAANCCS0 = 1)
(TAANOEO = 1, TAANOE1 = 1, TAANOLO = 0, TAANOL1 = 0)

D00, D01, D02, DO3:

Values captured to TAANCCRO register (O000H to FFFFH)

D10, D11, D12:

Setting compare value of TAANCCRL register (0000H to FFFFH)

TIAANQ: Set to falling edge detection (TAANIS1, TAANISO = 10)

Overflow flag

When the counter overflows from FFFFH to 0000H in the free-running mode,
the overflow flag (TAANOVF) is set to 1 and an overflow interrupt (INTTAANQV)
is output.

The overflow flag is cleared by the CPU when writing O to it.
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10.6.8

Caution

Pulse width measurement mode
(TAAnMD2 to TAANMDO = 110B)

In the pulse width measurement mode, free-running count is performed. The
value of the 16-bit counter is saved to capture register 0 (TAANCCRO), or
capture register 1 (TAANCCRL1) respectively, and the 16-bit counter is cleared
upon edge detection of the TIAANO pin, or TIAAn1 respectively. The external
input pulse width can be measured as a result.

However, when measuring a large pulse width that exceeds 16-bit counter
overflow, perform judgment with the overflow flag, e.g by counting the overflow
count by using the overflow interrupt.

Depending on the selected capture input sources and specified edge detection
three different measurement methods can be applied.

1. Pulse period measurement
2. Alternating pulse width and pulse space measurement.

3. Simultaneous pulse width and pulse space measurement:
Both capture inputs are required to measure pulse width and pulse space
simultaneously.

The measurements methods are explained in the following sub-chapters.

In the pulse width measurement mode, select the internal clock (TAANEEE of
TAANCTL1 register = 0).
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(1) Pulse period measurement

The pulse period of a signal can be measured in the pulse width measurement
mode, when the edge detection of one of the inputs TIAANO and TIAAN1 is set
either to “rising edge” or “falling edge”. The detection of the other input should
be set to “no edge detection”.

By detection of the specified edge the resulting value is captured in the
corresponding capture register (TAANCCRO or TAANCCR1), and the timer is
cleared and restarts counting.

START

Initial settings
e Clock selection
(TAANCTLO: TAANCKS2 to TAANCKSO)
¢ Pulse width measurement mode setting
(TAAnCTL1: TAANMD2 to TAANMDO =
110B)
o Capture register setting
(TAANCCRO, TAANCCR1)

TIAANn1/TIAANO edge detection settinN{jm1
(TAANIS3 to TAANISO)

Timer operation enable (TAANCE = 1)

-
o

Specified edge input to TIAAnm (rising or
falling edge), capture of value to
TAANCCRm, 16-bit counter clear & start

Figure 10-28 Flowchart of Pulse Period Measurement

Note 1. External pulse inputis possible for both TIAANO and TIAANn1, but only one
should be selected for the pulse period measurement.
Specify either “rising edge” or “falling edge” for edge detection. Specify the
edge of the external input pulse that is not used as “no edge detection”.

2. m=0,1
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TAANCE =1
FFFFH 3) FFFFH
01

16-bit Doz
counter /Doo
TIAANO §
TAANCCO 0000H Doo Do1 Doz
INTTAANCCRO

cleared by

r writing 0

TAANOVF | from CPU
INTTAANOV

Figure 10-29 Basic Operation Timing of Pulse Period Measurement
(TAANOEO = 0, TAANOE1 = 0, TAANOLO = 0, TAANOL1 = 0)
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Dog, Do1, Dgo: Values captured to TAANCCRO register (0000H to FFFFH)

TIAANOQ: Set to detection of rising edge (TAAnIS1, TAANnISO = 01B)
TIAAN1: Set to no edge detection (TAANIS3, TAANIS2 = 00B)
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(2) Alternating pulse width and pulse space measurement

The pulse period of a signal can be measured in the pulse width measurement
mode alternating in one capture register, when the edge detection of one of the
inputs TIAANO and TIAAN1 is set to “both rising and falling edges”. The
detection of the other input should be set to “no edge detection”.

By detection of a falling or rising edge the resulting value is captured in the
corresponding capture register (TAANCCRO or TAANCCR1), and the timer is
cleared and restarts counting.

START

Initial settings
e Clock selection
(TAANCTLO: TAANCKS2 to TAANCKSO)
¢ Pulse width measurement mode setting
(TAANCTL1: TAANMD2 to TAANMDO =
110B)
o Capture register setting
(TAANCCRO, TAANCCR1)

TIAAN1/TIAANO edge detection setting
(TAANIS3 to TAANISO)"*"

Timer operation enable (TAANCE = 1)

[—
|

Rising edge input to TIAAnm, capture of
value to TAANCCRm, 16-bit counter
clear & start

Falling edge input to TIAAnm, capture of
value to TAANCCRm, 16-bit counter
clear & start

Figure 10-30 Flowchart of Alternating Pulse Width and Pulse Space Measurement

Note 1. External pulse inputis possible for both TIAANO and TIAANn1, but only one
should be selected for the alternating pulse width and pulse space
measurement.

Specify “both rising and the falling edges” for edge detection. Specify the
edge of the external input pulse that is not used as “no edge detection”.

2. m=0,1
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TAANCE = 1
FFFFH FFFFH
16-bit Do1
counter Doo | Doz| Dos|
/ / / Dos|
TIAANO
TAANCCRO 0000H " Doo " Do ) Doz Dos X Dos
INTTAANCCO
cleared by
r writing 0
TAANOVF | from CPU
INTTAANOV
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Figure 10-31 Basic Operation Timing of Alternating Pulse Width and Pulse Space

Measurement
(TAANOEO =0, TAANOE1 =0, TAAnNOLO =0, TAANOL1 =0)

Doo» Do1+ Doz, Doa: Doa
Values captured to TAANCCRO register (O000H to FFFFH)

TIAANO:

Set to detection of both rising and falling edges (TAANnIS1, TAAnISO = 11B)
TIAANL:

Set to no edge detection (TAANIS3, TAANnIS2 = 00B)

Pulse width = Captured value x Count clock cycle

If the valid edge is not input even when the 16-bit counter counted up to
FFFFH, an overflow interrupt request signal (NTTAANQV) is generated at the
next count clock, and the counter is cleared to 0000H and continues counting.
At this time, the overflow flag (TAANOPTO.TAANOVF bit) is also setto 1. Clear
the overflow flag to 0 by executing the CLR instruction via software.

If the overflow flag is set to 1, the pulse width can be calculated as follows.

Pulse width = (10000H x TAANOVF bit set (1) count + Captured value) x Count
clock cycle
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(3) Simultaneous pulse width and pulse space measurement

Pulse width and pulse space can be measure simultaneously in the pulse
width measurement mode, when the signal is input to both inputs TIAAnO and
TIAANL, where both inputs detect opposite edges.

By detection of the specified edge the resulting values of pulse width or pulse
space are captured in the corresponding capture registers (TAANCCRO,
TAANCCR1), and the timer is cleared and restarts counting.

START

Initial settings
e Clock selection
(TAANCTLO: TAANCKS2 to TAANCKSO)
¢ Pulse width measurement mode setting
(TAANCTL1: TAANMD2 to TAANMDO =
110B)
o Capture register setting
(TAANCCRO, TAANCCR1)

TIAAn1/TIAANO edge detection setting
(TAANIS3 to TAANIS0) ™'

Timer operation enable (TAANCE = 1)

[—
|

Rising edge input to TIAANnx, capture of
value to TAANCCRYX, 16-bit counter clear
& start

Falling edge input to TIAAny, capture of
value to TAAnCCRYy, 16-bit counter clea
& start

Figure 10-32 Flowchart of Simultaneous Pulse Width and Pulse Space Measurement

Note 1. External pulse input must be input to both TIAANO and TIAAN1.
Specify “rising edge” for edge detection of first input, and “falling edge” for
the second input, or vice versa.

2. x=0,1
y=0whenx=1;y=1whenx=0
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TAANCE =1
FFFFH FFFFH
16-bit D1o|
counter Doo | Doit| D11
/ / / Doz B
TIAARG™®
TIAAN1 \ \
A A
TAANCCRO 0000H Doo | Dot | XDe
TAANCCR1 0000H ' Dio " D
INTTAANCCO
INTTAANCC1
cleared by
‘r writing 0
TAANOVF from CPU
INTTAANOV

Figure 10-33 Basic Operation Timing of Simultaneous Pulse Width and Pulse Space
Measurement
(TAANOEO =0, TAANOEL = 0, TAANOLO =0, TAANOL1 = 0)

Note The signal to measure has to be assigned to both inputs, TIAANO and TIAANL.

Doo: Do1, Dgp: Values captured to TAANCCRO register (O000H to FFFFH)
D;g, D11: Values captured to TAANCCRL1 register (0000H to FFFFH)

TIAANQ: Set detection to rising edge (TAANIS1, TAAnISO = 01B)
TIAAN1: Set detection to falling edge (TAANIS3, TAANIS2 = 10B)
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10.6.9 32-bit Capture in Free-Running Cascade Mode

Two Timer AA (TAAO in combination with TAAL, or TAA2 in combination with
TAA3) can be cascaded to operate as a 32-bit capture timer. In cascade mode,
the timer with the lower number (TAAO or TAA2) is used to control the
operation (master timer). Both cascaded timers have to be initialized as free-

running timers.

TAAMCTLO TAAmIOC2 TAAmMOPT1

| I | - | TMAAmM
TAAmCE TAAmMCSE=0
fxp1 or fxp2
fxp1/2 or fxp2/2 TAAMCCRO
fxp1/4 or fxpo/4 5 TAAMTRGO ,1
fxp1/8 ‘g
fxp1/16 @ S
CCRO buffer 2
fxp1/32 ] & AAMCNTO it 3 [ INTTAAmCGO
fxp1/64 A
fxp1/128 or fxr s gl S
. Clear | TAAmMCE
dgtg%?or | Counter control 16-bit counter INTTAAMOV
___________ RN I PP N
' . 5
= Trigger CCR1. buffer 8 INTTAAMCCH
£ Edge control register 3
= detector i
o
T
ER-S Edge | | TAAMCCR1
kS @ detector
3 Capture/compare
=~ selection function
Edge TAAMTRG1 TAAmOV
te 2
detector Output —»@TOAAmOno ¢
controllerl =@ TOAAM1
1
| | | | ] 1 ] |
TAAmMIOCH TAAMCTLA TAAMOPTO  TAAmIOCO TAAMIOC3
TAANOPT1 TMAAn
7 TAANCCRO
TAAnCSE=1 1
TAAMTRGO _
CCRO buffer £
TAANCNTO roqistor % > INTTAANCCO
TAAMCE . R
. Clear | TAANCE
INTTAAMOV Counter control 16-bit counter INTTAAROV
___________ [N [ PP I
- ‘ S
Trigger CCR1. buffer 8 b~ INTTAANCCH
control register 2
f %]
TAANCCR1
Capture/compare
selection function
TAAMTRG1
Output
controller
|
TAAnCTL1 TAAnOPTO TAAnIOCO TAAnIOC3

Figure 10-34 Block Diagram of TAAm and TAAn in 32-bit Capture Mode
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Note

Note

Note

1. m=0,2
n=1,3

2. The 32-bit capture in cascade free-running mode is not available for TAA4.
3. Explanation of signals can be found in Figure 10-1 on page 307.

4. Block diagrams of the input circuits can be found in Figure 10-2 on
page 308 to Figure 10-3 on page 308,

Figure 10-34 shows the block diagram of TAAm and TAAn in cascade mode.
Signals that are irrelevant in cascade mode are not shown, the connections to
the internal bus are also hidden for better readability of the image, as Figure
10-1 on page 307 can be used for a in-depth look of each timer.

Cascading of two TAA is only allowed for free-running mode with both capture/
compare registers set to capture mode. Proper operation of TAAm and TAAn is
not guaranteed for any other setting.

Figure 10-35 shows the recommended flow for setting up TAAm and TAAn in
cascade mode. As TAAm is used for general control, TAAn is set up first and
set in cascaded operation by setting the TAANCSE bit to 1. Then TAAm is
initialized by selecting the proper clock setting and capture trigger input. Only
TIAAmMO and TIAAm1 can be used as external capture trigger.

When cascading TAAm and TAAn, set TAANCSE=1 and TAAMCSE=0.

Operation starts when the count enable flag of TAAm (TAAMCE) is set to 1.
The counter of TAAm is used for the lower 16-bit of the 32-bit count value,
while the upper 16-bit are handled by TAAn.

Whenever the counter of TAAm overflows, the counter is cleared to 0, interrupt
INTTAAMOV is generated and the counter of TAAn is incremented by 1. When
the counter of TAAn overflows, the counter is also cleared to 0 and interrupt
INTTAANOV is generated.

When a capture trigger 0/1 is detected by TAAm, a capture of the lower 16-bit
counter value to TAAMCCRO/1 and of the upper 16-bit counter value to
TAANCCRO/1 at the same time. The interrupts of the TAAm will indicate the
capture (INTTAAMCCO/1).

Figure 10-36 on page 366 shows an example of a 32-bit capture timing.
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‘ START ’

Initial settings for upper 16-bit Timer (TMAAnN)
e Free-running mode setting
(TAANCTL1: TAANMDI[2:0] = 101B)

o Set Capture operation
(TAANOPTO: TAANCCSJ[1:0] = 11B)

o Set Cascade operation
(TAANOPT1: TAANCSE = 1)

Initial settings for lower 16-bit Timer (TMAAm)
o Clock selection
(TAAMCTLO: TAAMCKSJ[2:0])

¢ Free-running mode setting
(TAAMCTL1: TAAmMMDI[2:0] = 101B)

® Set Capture operation
(TAAMOPTO: TAAMCCS[1:0] = 11B)

TIAAmMO and TIAAm1 edge detection
setting (TAAmIS[1:0] and TAAmIS[3:2])

Timer operation enable (TAAMCE = 1)
— both timer (TMAAm, TMAAN) start

'

TIAAm1 edge detection, capture of
lower 16-bit counter value to TAAMCCR1
and upper 16-bit counter value to TAANCCR1.

INTTAAMCC1 output

TIAAmMO edge detection, capture of
lower 16-bit counter value to TAAMCCRO
and upper 16-bit counter value to TAANCCRO. INTTAAMCCO output

Lower 16-bit counter overflow

Upper 16-bit counter overflow

INTTAAMQV output

INTTAANQV output

Figure 10-35 Basic Flow of 32-bit Capture Mode
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16-Bit Timer/Event Counter AA

TAAMCE =1

FFFFH

16-bit counter
TMAAM

Do

Doo D12

Dos

FFFFH

16-bit counter
TMAAN

0000H

0002H
0001H ;

TIAAmMO

] [ L[]

TAAMCCRO

0000H X Doo

X Do1 X Doz X Dos

TAAnCCRO

0000H X

0002H

X 0001H X 0001H X

TIAAm1

[

TAAMCCRA1

X D11 X D12

0000H X D1o

TAAnCCR1

0000H X 0000H X 0002H X 0002H

INTTAAMCCO

] [ L[]

INTTAAMCCH

] (L1

INTTAAMOV

] ]

INTTAANOV L

TOAAMO

TOAANO L

TOAAM1

TOAAN1 L
Figure 10-36

Note

366

Basic Timing of 32-bit Capture Mode

As the 32-bit resolution is achieved by cascading two individual TAA, a direct
read of the 32-bit capture value is not possible. To ensure that the data is not
corrupted during read operation, the following procedure for reading needs to
be followed:
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Clear INTTAAMCCRO/1
pending flag

Read TMAAnCCRO0/1
and store as upper 16-bit
capture value

Read TMAAMCCRO0/1
and store as lower 16-bit
capture value.

INTTAAMCCRO/1
pending?

Figure 10-37 Flow of 32-bit Read (Capture or Counter Value)

Disabling the capture interrupt (INTTAAMCCRO/1) is not required if the read
sequence is done in the interrupt service routine, as nesting of the same
interrupt is not possible. However, if the read operation is done in a normal
routine while the interrupt signal is also assigned to a interrupt service routine,
disabling the interrupt is mandatory, otherwise corrupted data might be read.

The same flow can be used for reading the timer counter value. In this case the
relevant interrupt which pending flags needs to be cleared and checked is
INTTAAMOV. Please note that you can either read the upper 16-bit counter
(TAANCNT) and then the lower 16-bit counter (TAAMCNT) or vice versa. While
both methods work, the read values can be slightly different, as the count
operation of the lower 16-bit counter continues while the upper 16-bit timer is
read:

* When reading the upper 16-bit first, the lower 16-bit might be incremented
during that read.

* When reading the lower 16-bit first, the value might be already “old” after
reading the upper 16-bit.

The software programmer needs to decide which method is considered better
for the application.
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10.6.10 Capture operation on delayed input clock

If during capture operation the first capture event triggers before the first edge
of the count clock occurs a value of FFFFH and not a value of 0000H may be
stored in the TAANCCRm registers.

(a) Free running mode
FFFFH

16-bit counter

0000H

Count Clock

Sampling Clock

TAANCCRO ~ 000OH ! FFFFH

|
\
Y
I
I
I
| X
l !
TAANCE J | !
I I
I I
|
TIAANO ﬂ n

A A
capture trigger capture trigger
input input

0001H

(b) Pulse-width measurement mode
FFFFH

16-bit counter

0000H # g

Count Clock

Sampling Clock I

TAANCCRO ~ 000OH ! FFFFH

|
I
I
I
| X
l !
TAANCE J | !
I I
I I
|
TIAANO ﬂ n

capture trigger capture trigger
input input

0002H
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Chapter 11 16-Bit Interval Timer M

The microcontroller includes a 16-bit interval Timer M (TMMO).

11.1 Features

Timer M (TMM) supports only a clear & start mode. It does not support a free-
running mode. To use Timer M in a manner equivalent to in the free-running
mode, set the compare register to FFFF and start the 16-bit counter. A match

interrupt will occur when the timer overflows.

Interval function
Clock selection x 8
Simple counter x 1

(The simple counter is a counter that does not use a counter read buffer.
This counter cannot be read during timer count operation.)

Simple compare x 1

(The simple compare register is a register that does not use a compare write
buffer. No data can be written to this compare register during timer count
operation.)

Compare match interrupt x 1

11.2 Configuration

TMM consists of the following hardware.

Table 11-1 Configuration of TMM

Item Configuration
Timer register 16-bit counter
Register TMMO compare register 0 (TMOCMPO)
Control register TMMO control register 0 (TMOCTLO)
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Internal bus

(
acro | i

[ TMOCE | TMOCKS2 | TMOCKS1 | TMOCKSO| TMOCMPO |
. i V4 INTTMOEQO
fxpr/2 ———
fxprf4d —— o
fxp1/64 —— ‘9 .
£/8 OF fiouf512 % Controller——l 16-bit counter |?2E
INTWT 2
fr/8 — ™
fxr ——
Figure 11-1 Block diagram of Timer M
11.3 Timer M Registers
(1) TMOCMPO - TMMO compare register 0
The TMOCMPO register is a 16-bit compare register.
This register can be read or written in 16-bit units.
Reset input clears this register to 0000.
Address:  FFFF F694H
15 14 13 12 11 10 9 &8 7 6 5 4 3 2 1 0 RIW  Initial value
mooweo | | | L L L PP PP R 0000

Changing the TMOCMPO register contents is prohibited while the timer is
operating (TMOCE = 1). Thus rewriting with the same value is permitted.

Caution
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(2) TMOCTLO - TMMO control register 0
The TMOCTLO register is an 8-bit register that controls the operation of TMM.
This register can be read or written in 8-bit or 1-bit units.

Reset input clears this register to 00y

Address: FFFF F690y

Symbol 7 6 5 4 3 2 1 0 RIW rAef;ee;
TMOCTLO‘TMOCE| 0 ‘ 0 ‘ 0 | 0 ‘TMOCKSZ|TMOCK81‘TMOCKSO| RIW 00,

Caution Changing the TMOCTLO.TMOCKSJ2:0] bits is prohibited while the timer is
operating (TMOCE = 1). Thus rewriting of these bits with the same value is

permitted.

The TMOCTL.TMOCE bit can be changed at any time.

TMOCE Control of operation of timer MO
0 Disable internal operating clock operation
(asynchronously reset TMMO).
1 Enable internal operating clock operation.

The TMOCE bit controls the internal operating clock and asynchronously reset of
TMMO. When this bit is cleared to 0, the internal operating clock of TMM is stopped,
and TMMO is asynchronously reset.

When the TMOCE bit is set to 1, the internal operating clock is enabled within two
input clocks, and the timer counts up.

SEL.CNTS TMOCTLO register Selection of internal count clock
register
SELO7 bit TMOCKS2 TMOCKS1 TMOCKSO Input PRSI =0 PRSI =1
X 0 0 0 fxp1 fxx fixl2
X 0 0 1 fxpa/2 fxx/2 fxx/4
X 0 1 0 fxp1/4 fxl4 fxx/8
X 0 1 1 fxp1/64 fix/64 fxx/128
0 fxp1/512 fxx/512 fxx/1024
1 0 0
1 fru/8
X 1 0 1 INTWT
X 1 0 fr/8
X 1 1 1 fxr

a) Refer to chapter “Clock Generator” on page 179 for details of SELCNTO register.

Note PRSI can be set by the option bytes:
Refer to “Flash Memory” on page 259 for details.
Caution 1. Set TMOCKS2 to TMOCKSO bits at TMOCE = 0. When the TMOCE bits is set

from 0 to 1, the TMOCKS2 to TMOCKSO bits can be set at the same time.
2. Set bit 6-3 to 0.
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Note fw: Main system clock frequency
fri: Low frequency internal oscillator clock frequency (240 KHz)
fra: High frequency internal oscillator clock frequency (8 MHz)
fxr: Sub oscillator frequency

11.4 Operation

11.4.1 Interval timer mode

In the interval timer mode, a match interrupt signal (INTTMOEQO) is output
when the value of the 16-bit counter matches the value of TMMO compare
register 0 (TMOCMPO). At the same time, the counter is cleared to 00004 and

starts counting up.

When FFFFy is set to the TMOCMPO register, Timer M performs an operation
similar to that in the free-running mode.

Count clock
16-bit counter X M-2 X M-1 X M X 0000H X 0001H
TMOCMPO M

INTTMOEQO /_\_

Figure 11-2 Timing of operation in interval timer mode

Caution To set M clocks as the interval period, set the TMOCMPO register to M — 1.
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11.4.2 Cautions

(1) Clock Generator and clock enable timing

Because the second clock is the first pulse of the timer count-up signal when
the TMOCE bit is changed from 0 to 1, the timer counts one clock less.

Clock for counting

T
|
|
|

TMOCE bit

Clock enable signal 3 3
(internal signal) ; |

Count clock 3

Figure 11-3 Count operation start timing

User’s Manual U18743EE1V2UMO00 375



Chapter 11 16-Bit Interval Timer M

376 User’'s Manual U18743EE1V2UMO0



Chapter 12 Timer AA Synchroneous Operation

Timers AA have a timer synchronized operation function, also named tuned
operation mode. Master timer and incorporated slave timers of the
corresponding timer group (listed in Table 12-1) start and clock synchronously.
When the master timer is cleared, the slave timers are cleared synchronously,

too.

Table 12-1 Synchroneous operation mode of timers

Master timer | Slavetimer | V850ES/FE3-L | VB50ES/FF3-L | VB50ES/FG3-L
TAAO TAAL J % S
TAA2 TAA3 S \ S

In the following the procedure is described how to set up the master and slave
timer for synchroneous operation. Exemplarily TAAm is used as the master
timer, TAAN is used as the slave timer.

Setup

« Slave timer setup
— TAANCTL1.TAANSYE = 1: enable synchroneous operation
— TAANCTL1.TAAnNMD[2:0] = 1015: free-running mode

— TAANCCRO/1: set compare value

« Master timer setup:

— TAAMCTL1.TAAMMDI2:0]
= 101g: free-running mode
= 100g: PWM mode
= 111g: triangular wave PWM mode

— TAAMCCRO/1: set compare value
— TAAMCTLO.TAAMC = 1: enable operation

Table 12-2 and Table 12-3 show the timer modes that can be used in the
synchroneous operation mode.

Table 12-2 Timer modes usable in synchroneous operation mode

Master timer | Slave timer Free-running mode PWM mode Triangular wave PWM mode
TAAO TAAL V \ X
TAA2 TAA3 \/ \ X
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Table 12-3 Timer output functions

Free-running mode PWM mode WIETEIED B Hhi
Synch . . mode
Timer Pin
channel Synch Synch Synch Synch Synch Synch
OFF ON OFF ON OFF ON
TAAO TOAAO00 Toggle Toggle Toggle Toggle N/A N/A
cho (master) | TOAAO1 Toggle Toggle PWM PWM N/A N/A
TAAL TOAA10 Toggle Toggle Toggle PWM N/A N/A
(slave) | ToAA11 | Toggle Toggle PWM PWM N/A N/A
TAA2 TOAA20 Toggle Toggle Toggle Toggle N/A N/A
cn1 (master) | TOAA21 Toggle Toggle PWM PWM N/A N/A
TAA3 TOAA30 Toggle Toggle Toggle PWM N/A N/A
(slave) | TOAA31 | Toggle Toggle PWM PWM N/A N/A

The timing of transmitting data from the TAANCCRm compare register to the
CCRm registers is as follows:

Free-Running mode: Timing at which the CPU writes the registers
(‘anytime write’).

PWM mode, triangular wave PWM Timing at which timer counter CCRO and
mode: compare register TOAANO of master timer
match.
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13.1 Functions

The Watch Timer has the following functions.
* Watch Timer

¢ |nterval timer
The Watch Timer and interval timer functions can be used at the same time.

Reset
[ =
S i}
- Clear S - 5-bit counter 8 b=INTWT
fBRG— = - © 3
2 o 11-bit prescaler ‘ @
% Clear
fxT— | N /24| fn/ 25| fun/ 28| fw/ 27 [fw/28 |fwl2'0 /2 |fw/28 ¥
s
2 INTWTI
©
%)
3
—

[ wrmz | wrme | wims | wima | wims | wtvz | wtmt | wrmo |

Watch timer operation mode register
(WTM)

8 Internal bus 8

Figure 13-1 Block diagram of Watch Timer

Note 1. The Prescaler3 output fgrg is also used for CSIBO.
For details refer to “Clock Generator” on page 179.

2. fxr: Sub oscillator frequency
fw: Watch Timer clock frequency
INTWT: Watch Timer interrupt
INTWTI: Interval timer interrupt
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(1) Watch Timer

The Watch Timer generates interrupt requests (INTWT) at time intervals of 0.5
or 0.25 seconds by using the Sub oscillator (nominal fxr = 32.768 KHz).

Caution When using a clock fsre Obtained by dividing the main clock fx by Prescaler3 as
the Watch Timer count clock fw, set the PRSMO and PRSCMO registers
according to the main clock frequency that is used so as to obtain a divided
clock frequency of 32.768 KHz.

If 32.768 KHz cannot be generated, a clock correction software is necessary to
realize the watch function.

(2) Interval timer

The Watch Timer generates an interrupt request (INTWT]I) at time intervals
specified in advance.

Table 13-1 Interval time of interval imer

Interval Time Operation at fw = fxr = 32.768 KHz

2% x Ufw 488 s

25 x 1/fw 977 us

26 x 1/fw 1.95 ms
27 x 1w 3.91ms
28 x 1/fw 7.81 ms
29 x 1/fw 15.6 ms
210 1/fw 31.2ms
21 1w 62.5 ms

Note fw: Watch Timer clock frequency
fxr: Sub oscillator frequency

13.2 Configuration

The Watch Timer consists of the following hardware.

Table 13-2 Configuration of Watch Timer

Item Configuration
Counter 5 bits x 1
Prescaler 11 bits x 1
Control register Watch Timer operation mode register (WTM)
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13.3

@)

Note

Control Registers

The Watch Timer operation mode register (WTM) controls the Watch Timer.
Before operating the Watch Timer, set the count clock and the interval time.

WTM - Watch Timer operation mode register

The WTM register enables or disables the count clock and operation of the
Watch Timer, sets the interval time of the prescaler, controls the operation of
the 5-bit counter, and sets the set time of the watch flag.

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

Reset input clears this register to O0H.

After reset: OOH R/W Address: FFFFF680H

7 6 5 4 3 2 1 0
WTM | WTM7 | WTM6 | WTM5 | WTM4 | WTM3 | WTM2 | WTM1 | WTMo |

WTM?7 | WTM6 | WTM5 | WTM4 Selection of watch timer interrupt time

0 0 0 0 24/fw (488 us: tw = fx)

0 0 0 1 25/fw (977 ps: 1w = fx)

0 0 1 0 2%/fw (1.95 ms: fw = fxr)

0 0 1 1 27ffw (3.91 ms: fw = fxr)

0 1 0 0 28/fw (7.81 ms: fw = fxr)

0 1 0 1 2%fw (15.6 ms: fw = fxr)

0 1 1 0 2'%w (31.3 ms: fw = fx)
0 1 1 1 2'/fw (62.5 ms: fw = fxr)
1 0 0 0 24/fw (488 us: fw = fere)

1 0 0 1 25/fw (977 us: fw = fere)

1 0 1 0 2%/fw (1.95 ms: fw = farc)
1 0 1 1 27/fw (3.90 ms: fw = fere)
1 1 0 0 2%/fw (7.81 ms: fw = farc)
1 1 0 1 2%fw (15.6 ms: fw = farc)
1 1 1 0 21%w (31.2 ms: fw = fana)
1 1 1 1 2'/fw (62.5 ms: fw = fana)

fxr: Sub oscillator frequency
ferc: Prescaler3 output frequency
fw: Watch timer clock frequency
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Caution

Note

13.4

13.4.1

WTM7 | WTM3 | WTM2 Selection of set time of watch flag
0 0 0 2"%fw (0.5 s: fw = fxT)
0 0 1 2%/fw (0.25 s: fw = fxT)
0 1 0 25/fw (977 us: fw = fxr)
0 1 1 2%/fw (488 us: fw = fxt)
1 0 0 2"%/fw (0.5 s: fw = fera)
1 0 1 2'3/fw (0.25 s: fw = fara)
1 1 0 25/fw (977 us: fw = fera)
1 1 1 2%/fw (488 us: fw = fera)
WTMA1 Control of 5-bit counter operation
0 Clears after operation stops
1 Starts
WTMO Watch timer operation enable
0 Stops operation (clears both prescaler and 5-bit counter)
1 Enables operation

Rewrite the WTM2 to WTM7 bits while both the WTMO and WTM1 bits are 0.

1. fw: Watch Timer clock frequency

2. Values in parentheses apply to operation with fw = 32.768 KHz

Operation

Operation as Watch Timer

The Watch Timer generates an interrupt request at fixed time intervals. The
Watch Timer operates using time intervals of 0.5 or 0.25 seconds with the Sub
oscillator (32.768 KHz).

The count operation starts when the WTM1 and WTMO bits of the WTM
register are set to 11. When the WTMO bit is cleared to 0, the 11-bit prescaler
and 5-bit counter are cleared and the count operation stops.

The time of the Watch Timer can be adjusted by clearing the WTM1 bit to 0
and then the 5-bit counter. At this time, an error of up to 15.6 ms may occur.

The interval timer may be cleared by clearing the WTMO bit to 0. However,
because the 5-bit counter is cleared at the same time, an error of up to 0.5
seconds may occur when the Watch Timer overflows (INTWT).
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13.4.2 Operation as interval timer

The Watch Timer can also be used as an interval timer that repeatedly
generates an interrupt at intervals specified by a preset count value.

The interval time can be selected by the WTM4 to WTM7 bits of the WTM

register.
Table 13-3 Interval time of itimer
WTM7 WTM6 WTM5 WTM4 Interval Time

0 0 0 0 2% x 1/f,, 488 ps (operating at fw = fxr = 32.768 KHz)

0 0 0 1 2° x 1/f,, 977 ps (operating at fw = fxr = 32.768 KHz)

0 0 1 0 25 x 1/, 1.95 ms (operating at fw = fxr = 32.768 KHz)
0 0 1 1 27 x 1/f,, 3.91 ms (operating at fw = fxr = 32.768 KHz)
0 1 0 0 28 x 1/f,, 7.81 ms (operating at fw = fxr = 32.768 KHz)
0 1 0 1 29 x 1y, 15.6 ms (operating at fw = fxr = 32.768 KHz)
0 1 1 0 210« 14, 31.3 ms (operating at fw = fxr = 32.768 KHz)
0 1 1 1 21 % 14, 62.5 ms (operating at fw = fxr = 32.768 KHz)
1 0 0 0 2% x 1y, 488 ps (operating at fw = fere = 32.768 KHz)
1 0 0 1 2% x 1/f,, 977 ps (operating at fw = fsrs = 32.768 KHz)
1 0 1 0 2% x 1/f,, 1.95 ms (operating at fw = fare = 32.768 KHz)
1 0 1 1 27 x 1y, 3.91 ms (operating at fw = fsre = 32.768 KHz)
1 1 0 0 28 x 1/f,, 7.81 ms (operating at fw = fsre = 32.768 KHz)
1 1 0 1 29 x 1/f,, 15.6 ms (operating at fw = fars = 32.768 KHz)
1 1 1 0 210 < 14, 31.3 ms (operating at fw = fare = 32.768 KHz)
1 1 1 1 21 % 14, 62.5 ms (operating at fw = fsre = 32.768 KHz)

Note fw: Watch Timer clock frequency

fy7: Sub oscillator frequency
farg: Prescaler3 output frequency
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5-bit counter

OH

Start

Countcocs __ LILILIL gipipliph
urtdosk MMM LML L LI

Watch timer interrupt
INTWT

Interrupt time of watch timer (0.5 s) | Interrupt time of watch timer (0.5 s)

Interval timer interrupt
INTWTI

Interval time (T) Interval time (T)

nT nT

Figure 13-2 Operation Timing of Watch Timer/Interval Timer

Note fw: Watch Timer clock frequency
Values in parentheses apply to operation with count clock fw = 32.768 KHz.
n: Number of interval timer operations

13.4.3 Cautions

The following time is required before the first Watch Timer interrupt request
signal (INTWT) is generated after operation is enabled (WTM1 and WTMO bits
of WTM register = 1).

It takes 0.515625 seconds for the first INTWT signal to be generated

(22 x 1/32768 = 0.015625 s longer).
The INTWT signal is then generated every 0.5 seconds.

WTMO, WTM1 E E 5

0.515625s ! 05s E 05s !
INTWT : H H ”

Figure 13-3 Example of generation of Watch Timer interrupt request signal (INTWT)
(when interrupt period = 0.5 s)
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14.1 Functions

Caution

Watchdog Timer 2 has the following functions.

Default-start Watchdog Timer

Reset mode:
Reset operation upon overflow of Watchdog Timer 2 (generation of
WDT2RES signal)

Non-maskable interrupt request mode:
NMI operation upon overflow of Watchdog Timer 2 (generation of INTWDT2
signal)

Input selectable from main clock and 240 KHz internal oscillator as the
source clock

1.

Watchdog Timer 2 is automatically started after reset release. Source clock
is a 240 KHz internal oscillator.

. By flash mask option, operation of WDT2 can be set fixed to 240 KHz

internal oscillator source clock and reset mode. Only the interval time can be
changed. Changing of clock source and operation mode is not possible.

. In case WDT2 shall not be used or clock source and operation mode shall

be changed, flash mask option should not be set for fixing 240 KHz internal
oscillator source clock and reset mode.

In this case, after reset, the settings should be changed before the first
WDT2 overflow. Alternatively WDT2 should be cleared once, and required
changes should be performed within the next interval time.

. The WDTMZ2 register can be written only once after reset. Even if the default

setting of WDTM2 shall not be changed, it is recommended to once write
the default value to WDTM2 in order to activate the write protection
mechanism.

. The RETI instruction can not be used to restore from the interrupt service

routine of the non-maskable INTWDT2. Therefore a system reset must be
performed after completion of the INTWDT2 service routine.
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f,/2'° to f /22
fx/128—=1 Clock _|f 22 tofy /210 INTWDT2
input =1 16:bit | —————\ selector Output
frL/8 —=| controller counter controller WDT2RES
(internal reset signal)
2
! Clear 13 %3
[ T [ T 1
RUN2 [ o Jwbm21]wbm20wpcsa4/wocs2awocesa2 woes21wncsq]
Watchdog timer enable Watchdog timer mode
register (WDTE) register 2 (WDTM2)
2 Internal bus 2
Figure 14-1 Block diagram of Watchdog Timer 2
Note fx: Oscillation frequency
frL: Internal oscillator clock frequency

INTWDT2: Non-maskable interrupt request signal from Watchdog Timer 2
WDT2RES: Watchdog Timer 2 reset signal

14.2 Configuration

Watchdog Timer 2 consists of the following hardware.

Table 14-1 Configuration of Watchdog Timer 2

Item Configuration

Control registers Watchdog Timer mode register 2 (WDTM2)
Watchdog Timer enable register (WDTE)

386 User’'s Manual U18743EE1V2UMO0



Watchdog Timer 2 Chapter 14

14.3 Control Registers

(1) WDTM2 - Watchdog Timer 2 mode register

The WDTM2 register sets the operation mode, operation clock and overflow
time of Watchdog Timer 2.

Access The register can be read/written in 8-bit units.
This register can be read any number of times, but it can be written only once
following reset release.

Address FFFF F6DO0y
Initial Value 674. The register is initialized by any reset.
7 6 5 4 3 2 1 0

| 0 |WDM21|WDM20|WDCSZ4|WDCSZ3|WDCSZZ|WDCSZl|WDCSZO|
RIW RIW RIW RIW RIW RIW RIW RIW

Table 14-2 Selection of operation mode

WDM21 WDM20 Function

0 0 Stops operation

0 1 Non-maskable interrupt request mode (generation of
INTWDT?2)

1 X Reset mode (generation of RESWDT?2)
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Table 14-3 Watchdog Timer 2 Clock Selection

WwDCS24 | WDCS23 | wpes22 | woes21 | wpeszo | Selected 240 KHz (typ.)
clock period

0 0 0 0 0 21200 17.1 ms
0 0 0 0 1 213/fa 34.1 ms
0 0 0 1 0 21%fa 68.3 ms
0 0 0 1 1 215/fa 136.5 ms
0 0 1 0 0 216/ 273.1 ms
0 0 1 0 1 217 546.1 ms
0 0 1 1 0 218/fa 1,092.3 ms

219w 2,184.5 ms
0 0 ! ! ! (default)

fx = 4 MHz fx = 16 MHz
0 1 0 0 0 216/, 16.4 ms 4.1ms
0 1 0 0 1 217¢, 32.8ms 8.2 ms
0 1 0 1 0 218/, 65.5 ms 16.4 ms
0 1 0 1 1 219/, 131.1 ms 32.8ms
0 1 1 0 0 220/, 262.1 ms 65.3 ms
0 1 1 0 1 221/, 524.3 ms 131.1 ms
0 1 1 1 0 222/, 1,048.6 ms 262.2 ms
0 1 1 1 1 223/, 2,097.2 ms 524.3 ms
1 x X x X Stop
Caution 1. If the WDTMZ2 register is rewritten twice after reset, an overflow signal is

388

forcibly generated. If the Watchdog Timer has stopped operation, WDTM2
can be written several times without generating an overflow.

2. To stop WDT?2 securely,

« stop the internal oscillator by RCM.RSTOP =1
(must be permitted by flash mask options)

. set WDTM2 = 1F,

3. In order to ensure that the Watchdog Timer does not overflow, and thus
generate a watchdog event, during the register settings are changed, write
to WDTE first for restarting the timer.
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)

Access
Address

Initial Value

Caution

14.4

WDTE - Watchdog Timer enable register

The counter of Watchdog Timer 2 is cleared and counting restarted by writing
ACy to the WDTE register.

The register can be read/written in 8-bit units.
FFFF F6D1y

9Ay. The register is initialized by any reset.

7 6 5 4 3 2 1 0

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

1. When a value other than ACy is written to the WDTE register, an overflow
signal is forcibly output.

2. When a 1-bit memory manipulation instruction is executed for the WDTE
register, an overflow signal is forcibly output.

3. The read value of the WDTE register is 9Ay (which differs from written value
ACh).

Watchdog Timer Operation

Watchdog Timer 2 automatically starts in the reset mode after reset is
released.

The WDTM2 register can be written only once following reset using byte
access. To use watchdog timer 2, write the operation mode and the interval
time to the WDTM2 register using an 8-bit memory manipulation instruction.
After this, the operation of watchdog timer 2 cannot be stopped/changed
again.

The WDCS24 to WDCS20 bits of the WDTM2 register are used to select the
watchdog timer 2 loop detection time interval.

Writing ACy to the WDTE register clears the counter of watchdog timer 2 and
starts the count operation again.

After the count operation has started, write ACy to WDTE within the loop
detection time interval.

If the time interval expires without ACy being written to the WDTE register, a

reset signal (WDT2RES) or a hon-maskable interrupt request signal
(INTWDT2) is generated, depending on the set values of the WDM21 and
WDM20 bits of the WDTM2 register.

When not using watchdog timer 2, write 1FH to the WDTM2 register.

If the non-maskable interrupt request mode is set, execution cannot return
from non-maskable interrupt servicing by using the RETI instruction.
Therefore, execute system reset after completion of interrupt servicing.
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14.5 Watchdog Timer Operation in Power Save Mode

If the Watchdog Timer overflows while the device is in power save mode,
following procedures take place:

e Watchdog Timer in reset operation mode (WDTM2.WDM21 = 1):
A device RESET is executed.

» Watchdog Timer in NMI operation mode (WDTM2.WDM2[1:0] = 01p):

The NMI is not served, the device wakes up from power save mode and
continues with normal operation.
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The VB50ES/Fx3-L microcontrollers have following instances of the Universal
Asynchronous Serial Interface UARTD:

UARTD V850ES/FE3-L | VB50ES/FF3-L | VB50ES/FG3-L

Instances 2 3
Names UARTDO to UART1 UARTDO to
UART2

Throughout this chapter, the individual instances of UARTD are identified by
“n”, for example, UDnCTLO for the UARTDn control register 0.

15.1 Features

« Transfer rate: 300 bps to 1500 kbps (using dedicated baud rate generator)
¢ Full-duplex communication:

— Internal UARTD receive data register n (UDnRX)

— Internal UARTD transmit data register n (UDNnTX)
e 2-pin configuration:

— TXDDn: Transmit data output pin

— RXDDn: Receive data input pin

» Reception error and status output function

Parity error

Framing error

Overrun error

Data consistency error
— SBF receive error
* Interrupt sources: 3
— Reception complete interrupt (INTUDNR):

This interrupt occurs upon transfer of receive data from the shift register
to receive buffer register n after serial transfer completion, in the reception
enabled status.

— Transmission enable interrupt (INTUDNT):

This interrupt occurs upon transfer of transmit data from the transmit
buffer register to the shift register in the transmission enabled status.

— Status interrupt (INTUDNS):

This interrupt occurs upon reception of erroneous data and the data
consistency and SBF reception during LIN communication.

« Character length: 7, 8 bits
 Parity function: odd, even, 0, none

« Transmission stop bit: 1, 2 bits
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15.2

« On-chip dedicated baud rate generator
« MSB-/LSB-first transfer selectable

« Transmit/receive data inverted input/output possible

» 13 to 20 bits selectable for the SBF (Sync Break Field) in the LIN (Local

Interconnect Network) communication format

— Recognition of 11 bits or more possible for SBF reception in LIN

communication format
— SBF reception flag provided

« SBF reception can be detected during data communication.

< Bus monitor function to keep data consistency of the transmit data

Configuration

The block diagram of the UARTDn is shown below.

g Internal bus S

INTUDNT 7\

INTUDNR

INTUDNS e B m——— A R [ .
! Reception unit! :Transmission unit !
1| UuDnRx | | ubnTx ||
I I I I

I
: {} - Reception : T Tra{nfmit :
1 Recel\_/e shift controller 1 1, |Transmission hift reqist 1
| register N - | 1 shift register | |
end and receive controller

| ? data comparison } 1
| | —_—] | I |
Vi ! ! [
! fier Baud rate 1 } Baud rate Selector | TXDDn
! generator 1 ! generator T
1 4 I I I
| 1 .
I'[ Selector 1 RXDDn
i o—1 i
I I

fxe1 or fxp2 ——]

fxp1/2 —» 5
fxp1/4 —-| e
L2 0
oyl |
fx1/1024—| @ oot
ASCKDOQNete ——» n
UDNCTL2 UDNnCTLO UDnSTR UDnOTPO UDnOTP1

f

Internal bus

Note: External clock ASCKDO is only available for UARTDO

Figure 15-1

Note

Block diagram of Asynchronous Serial Interface UARTDnN

For the configuration of the baud rate generator, see Figure 15-11 on

page 419.
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Table 15-1

@)

)

@)

(4)

()

(6)

)

UARTDN consists of the following hardware units.

Configuration of UARTDnN

Item Configuration

Registers UARTDnN control register 0 (UDNCTLO)
UARTDnN control register 1 (UDnCTL1)
UARTDnN control register 2 (UDNCTL2)
UARTDnN option control register 0 (UDNOPTO)
UARTDn status register (UDnSTR)

UARTDnN receive shift register

UARTDnN receive data register (UDnRX)
UARTDnN transmit shift register

UARTDnN transmit data register (UDnTX)

UARTDnN control register 0 (UDNCTLO)

The UDNCTLO register is an 8-bit register used to specify the UARTDn
operation.

UARTDnN control register 1 (UDNnCTL1)

The UDNCTL1 register is an 8-bit register used to select the input clock for the
UARTDN.

UARTDnN control register 2 (UDNCTL2)

The UDNnCTL2 register is an 8-bit register used to control the baud rate for the
UARTDN.

UARTDnN option control register 0 (UDNOPTO)

The UDNnOPTO register is an 8-bit register used to control the serial transfer for
the UARTDnN.

UARTDnN option control register 1 (UDNOPT1)

The UDNnOPT1 register is an 8-bit register used to control the serial transfer for
the UARTDnN.

UARTDnN status register (UDNSTR)

The UDNnSTRn register consists of flags indicating the error contents when a
reception error occurs, the inconsistency between transmit and receive data
and successful SBF reception during LIN communication. Each one of the
reception error flags is set (to 1) upon occurrence of a reception error and is
reset (to 0) by reading the UDnSTR register.

UARTDN receive shift register

This is a shift register used to convert the serial data input to the RXDDn pin
into parallel data. Upon reception of 1 byte of data and detection of the stop bit,
the receive data is transferred to the UDnRX register.

This register cannot be manipulated directly.
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(8)

©)

(10)

UARTDnN receive data register (UDnRX)

The UDnRX register is an 8-bit register that holds receive data. When
7 characters are received, 0O is stored in the highest bit (when data is received
LSB first).

In the reception enabled status, receive data is transferred from the UARTDnN
receive shift register to the UDnRX register in synchronization with the
completion of shift-in processing of 1 frame.

Transfer to the UDnRX register also causes the reception complete interrupt
request signal (INTUDnNR) to be output.

UARTDnN transmit shift register
The transmit shift register is a shift register used to convert the parallel data
transferred from the UDNnTX register into serial data.

When 1 byte of data is transferred from the UDnTX register, the shift register
data is output from the TXDDn pin.

This register cannot be manipulated directly.

UARTDnN transmit data register (UDnTX)

The UDNTX register is an 8-bit transmit data buffer. Transmission starts when
transmit data is written to the UDnTX register. When data can be written to the
UDNTX register (when data of one frame is transferred from the UDnTX
register to the UARTDn transmit shift register), the transmission enable
interrupt request signal (INTUDNT) is generated.
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15.3 UARTD Registers

@)

UDNCTLO - UARTDn control register 0

The UDNnCTLO register is an 8-bit register that controls the UARTDn serial
transfer operation.

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

Reset input sets this register to 10H.

UD2CTLO FFFFFA20H, UD3CTLO FFFFFA30H,
UD4CTLO FFFFFA40H, UD5CTLO FFFFFAS50H
UD6CTLO FFFFFAGOH, UD7CTLO FFFFFA70H

7 6 5 4 3 2 1 0

UDNCTLO | UDNPWR| UDNTXE | UDNRXE | UDNDIR | UDnPS1 | UDnPSO | UDnCL | UDnSL |

UDnPWR| UARTDnN operation control

0 Disable UARTDn operation (UARTDn reset asynchronously)

1 Enable UARTDn operation

The UARTDnN operation is controlled by the UDnPWR bit. The TXDDn pin output
is fixed to high level by clearing the UDnPWR bit to O (fixed to low level if
UDnOPTO0.UDNTDL bit = 1).

UDNnTXE Transmission operation enable
0 Disable transmission operation
1 Enable transmission operation

« To start transmission, set the UDnPWR bit to 1 and then set the UDnTXE bit to 1.
To stop transmission clear the UDnTXE bit to 0 and then UDnPWR bit to 0.

- To initialize the transmission unit, clear the UDnTXE bit to 0, wait for two cycles of
the base clock, and then set the UDnTXE bit to 1 again.

UDnRXE Reception operation enable
0 Disable reception operation
1 Enable reception operation

+ To enable reception, set the UDnPWR bit to 1 and then set the UDnRXE bit to 1.

- To stop reception, clear the UDnRXE bit to 0 and then UDnPWR bit to 0.

« To initialize the reception unit, clear the UDnRXE bit to 0, wait for two periods of
the base clock, and then set the UDnRXE bit to 1 again.
The reception is enabled after the UDnRXE bit is set to 1 and two cycles of base
clock have passed.
The rising edge detection of the RXDD pin is enabled after the UDnRXE bit is set to
1 and four cycles of the base clock have passed.
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UDnDIR Transfer direction selection

0 MSB-first transfer

1 LSB-first transfer

This register can be rewritten only when the UDnPWR bit = 0 or the UDnTXE bit =
the UDnRXE bit = 0.

When the transmission/reception is performed in the LIN format, set the

UDNDIR bit to 1.

UDnPS1 | UDnPSO |Parity selection during transmission | Parity selection during reception
0 0 No parity output Reception with no parity
0 1 0 parity output Reception with 0 parity
1 0 Odd parity output Odd parity check
1 1 Even parity output Even parity check

« This register is rewritten only when the UDnPWR bit = 0 or the UDnTXE bit = the
UDnRXE bit = 0.

« If “Reception with 0 parity” is selected during reception, a parity check is not performed.
Therefore, since the UDnSTR.UDNPE bit is not set, no error interrupt is output.

* When transmission and reception are performed in the LIN format, clear the
UDnPS1 and UDnPSO0 bits to 00.

UDnCL | Specification of data character length of 1 frame of transmit/receive data

0 7 bits

1 8 bits

« This register can be rewritten only when the UDnPWR bit = 0 or the UDnTXE bit =
the UDnRXE bit = 0.

» When the transmission/reception is performed in the LIN format, set the
UDNCL bit to 1.

UDnSL Specification of length of stop bit for transmit data
0 1 bit
1 2 bits

This register can be rewritten only when the UDnPWR bit = 0 or the UDnTXE bit =
the UDnRXE bit = 0.

For details of parity, see “Parity types and operations” on page 416.

UDNCTL1- UARTDnN control register 1
For details, see “UDnCTL1 - UARTDn control register 1” on page 420.

UDNCTL2 - UARTDn control register 2
For details, see “UDNnCTL2 - UARTDn control register 2” on page 421.
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(4) UDNOPTO - UARTDn option control register 0
The UDNnOPTO register is an 8-bit register that controls the serial transfer
operation of the UARTDn register.

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

Reset input sets this register to 14H..

After reset: 04H Address: UDOOPTO: FFFFFAO03, UD10OPTO: FFFFFA13
UD20OPTO: FFFFFA23, UD3OPTO: FFFFFA33
UD4OPTO: FFFFFA43, UD50PTO: FFFFFA53
UD60OPTO: FFFFFAG63, UD70OPTO: FFFFFA73

7 6 5 4 3 2 1 0
UDnOPTO | UDnSRF | UDnSRT | UDnSTT | UDnSLS2 | UDnSLS1 | UDnSLSO | UDnTDL | UDnRDL
R/W R/W R/W R/W R/W R/W R/W R/W R/W
UDnSRF SBF reception flag
When the UDnCTLO.UDnPWR bit = UDNCTLO.UDnRXE bit = 0 are
0 .
set. Also upon normal end of SBF reception.
1 During SBF reception.

« SBF (Sync Brake Field) reception is judged during LIN communication.

« The UDNnSRF bit is held at 1 when an SBF reception error occurs, and then if the
SBF reception is started again and ended normally, the UDnSRF bit is cleared to
0.Clearing by the instruction is disabled.

* UDNSREF bit is read-only.

When the UDnSRF = 1, the judgment process that SBF reception ended normally
differs depending on the values of the SBF reception mode selection bit (UDnSRS). If
the UDNnSRS bit = 0, when any high level inputs including noises are applied to the
reception input data even only for a second, the judgment of whether the low level
period is more than 11 bits or not is executed. If the UDnSRS bit = 1, the received
input data is sampled along with the set baud rate and when the low level period is 11
bits or more, it is judged as the successful SBF reception.

UDnSRT SBF reception trigger
0 -
1 SBF reception trigger.

e This is the SBF reception trigger bit during LIN communication, and when read,
“0” is always read. For SBF reception, set the UDnSRT bit (to 1) to enable SBF
reception.

« Set the UDNSRT bit after setting the UDnCTLO.UDnPWR bit and
UDNCTLO.UDNRXE bit = 1.

* The UDNnSRT bit can be set during the reception but the reception is aborted.
The updating of the status flag, output of the interrupt request flag, and the data
saving are not performed so the receive data set during the reception is not
guaranteed.

« After the UDnSRT bit is set, re-setting of the UDnSRT bit is disabled until the
SBF reception is succeeded, UDnSRF is cleared, and the interrupt request
signal is fallen.

« The detection of the SBF reception starts at the next falling edge of the
reception input data. If the UDnSRT is set during the SBF reception, the SBF
cannot be received, so other reception operations are not performed until the
next SBF reception is succeeded.
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uUbDnSTT SBF transmission trigger
0 -
1 SBF transmition trigger’Ne.

¢ This is the SBF transmittion trigger bit during LIN communication, and when read,
“0” is always read.

¢ Set the UDNnSTT bit after setting the UDnPWR bit = UDnTXE bit = 1.

1. To cancel the SBF reception enable status without receiving the SBF, set
the UDNPWR bit = 0 or UDNRXE bit = 0.

2. The confirmation method of SBF receive completion while the UDnSRT bit
is set depends on the values of the SBF reception mode selection bit
(UDNnSRS). If the UDNnSRS bit is cleared to 0, it is confirmed by receive
completion interrupt which is detected after the setting of the SBF
reception trigger bit.

If the UDNSRS bit is set to 1, it is confirmed by whether the SBF receive
success flag (UDNSSF) is 1 when status interrupt is detected after the
setting of the SBF reception trigger bit. It can also be confirmed by the
UDnNnSREF bit = 0 after the receive interrupt or the status interrupt is
detected. In any case, after the SBF reception is completed, the UART
normal reception is operated at the next reception.

3. Data transmission while UDnDCS bit = 1 during UDnSRF bit =1 is
prohibited. However, the SBF transmission is enabled.

Before starting the SBF transmission by UDnOPTO0.UDnSTT=1 make sure that
no data transfer is ongoing, that means check that UDnSTR.UDNnTSF=0.

UDnSLS2 UDnSLS1/UDNnSLS0 SBF transmit length selection
1 0 1 13-bit output (reset value)
1 1 0 14-bit output
1 1 1 15-bit output
0 0 0 16-bit output
0 0 1 17-bit output
0 1 0 18-bit output
0 1 1 19-bit output
1 0 0 20-bit output
This register can be set when the UDnPWR bit = 0 or when the UDnTXE bit = 0.
UDnTDL Transmit data level bit
0 Normal output of transfer data
1 Inverted output of transfer data

* The output level of the TXDDn pin can be inverted using the UDnTDL bit.
* This register can be set when the UDnPWR bit = 0 or when the UDnTXE bit = 0.

UDnRDL Receive data level bit
0 Normal input of transfer data
1 Inverted input of transfer data

* The output level of the RXDDn pin can be inverted using the UDnRDL bit.
* This register can be set when the UDnPWR bit = 0 or the UDnRXE bit = 0.

The UDNTDL bit control inverts the TXDDn output level regardless of the
values of the UDnPWR and UDnTXE bits. Therefore, if the UDnTDL bit is set
to 1 while the operation is disabled, the TXDDn outputs the low level.
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(5) UDNnOPT1 - UARTDn option control register 1

The UDNnOPTL register is an 8-bit register that controls the serial transfer
operation of the UARTDn register.

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

Reset input sets this register to O0H.

After reset: 00H Address: UDOOPT1: FFFFFAO5, UD10OPT1: FFFFFA15
UD20PT1: FFFFFA25, UD3OPT1: FFFFFA35
UD4OPT1: FFFFFA45, UD50PT1: FFFFFA5S5
UD60OPT1: FFFFFAG5, UD70OPT1: FFFFFA75

7 6 5 4 3 2 1 0
UDNnOPT1 0 0 0 0 0 0 UDNnSRS | UDnDCS
R/W R/W R/W R/W R/W R/W R/W R/W R/W
UDnSRS SBF reception mode selection bit

A new SBF can't be detected while the communication is in
0 progress.When the low level is detected at the stop bit position, it is
recognized as framing error.

A new SBF can be detected while the communication is in
progress.When the low level is detected at the stop bit position a
waiting state is generated until high level is detected. When the width
of the low level is 11 bits or more, it is recognized as new SBF.

Note 1. This bit should only be set when the LIN communication is used. Otherwise
set this bit to 0.

2. When this bit is set to 1, it is necessary to set UDODCS to 1.

ubnDCS Data consistency check selection bit
0 Data consistency is not checked
1 Data consistency is checked

When data is transmitted using the LIN protocoll, this bit selects the handling of the
consistency checking of data. When UDNDCS = 1 the transmitted data and
received data are compared and the mismatch is detected. In that case a status
interrupt request signal (UDTIS) is generated.

Note 1. This bit should only be set when the LIN communication is used. Otherwise
set this bit to 0.

2. When this bit is used, the data bit length doesn't prohibits the eight bit
fixation and the addition of the parity bit.
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(6) UDNSTR - UARTDnN status register

The UDnSTR register is an 8-bit register that displays the UARTDn transfer
status and reception error contents.

This register can be read or written in 8-bit or 1-bit units, but the UDnTSF bit is
a read-only bit, while the UDnSSF, UDnDCE, UDnPE, UDnFE, and UDnOVE

bits can both be read and written. However, these bits can only be cleared by
writing 0; they cannot be set by writing 1 (even if 1 is written to them, the value
is retained).

The initialization conditions are shown below.

Register/Bit Initialization conditions
UDNnSTR register |+« Reset
¢« UDNnCTLO.UDNPWR =0
UDNnSSF ¢ UDNCTLO.UDNnRXE =0
e UDNOPT1.UDNSRS =0
UDnDCE ¢ UDNCTLO.UDNRXE =0
e UDNOPT1.UDNDCS =0
UDNTSF bit ¢ UDNnCTLO.UDNTXE =0
UDNPE, UDnFE, e 0 write
UDNnOVE bits + UDNCTLO.UDNRXE =0

Note To clear the status flag, use a 1-bit manipulation instruction or write the
inverted value of the read value using a 8-bit manipulation instruction to clear
all bits together.

After reset: 00H Address:  UDOSTR: FFFFFAO4, UD1STR: FFFFFA14
UD2STR: FFFFFA24, UD3STR: FFFFFA34
UD4STR: FFFFFA44, UD5STR: FFFFFA54
UD6STR: FFFFFAG64, UD7STR: FFFFFA74

7 6 5 4 3 2 1 0
UDnSTR uUDNnTSF 0 0 UDnSSF | UDnDCE UDnPE UDnFE UDNnOVE
R/W R R/W R/W R/W R/W R/W R/W R/W
UDNnTSF Transfer status flag

¢ When the UDnPWR bit = 0 or the UDnTXE bit = 0 has been set.
« When, following transfer completion, there was no next data
0 transfer from UDnTX register

* When there is no next transmit data at the UDnTX bit after the SBF
transmission has been completed

¢ Write to UDNnTXB bit

1
* When the SBF transmission trigger bit (UDnSST) is set

The UDNnTSF bit is always 1 when performing continuous transmission. When
initializing the transmission unit, check that the UDNnTSF bit = 0 before performing
initialization. The transmit data is not guaranteed when initialization is performed
while the UDNnTSF bit = 1.

During the communication the UDNnTSF bit is cleared after 2 clocks.
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UDNnSSF SBF receive successful flag

When the UDNPWR bit = 1or the UDnNRXE bit = 0 or the UDnSRS
bit = 0 or the UDnSSF bit = 0 has been set

0

When a consecutive low level (SBF) of 11 bits or more is received and

L the SBF reception mode bit UDNSRS has been set.

When the SBF receive mode selection bit is set in LIN communication mode, it is
necessary to read this bit by the status interrupt processing and to confirm the
beginning of a new frame slot.

This bit is maintained until O is written. It is always 0 for UDOSRS = 0.

When 1 is written to this bit, the value is retained.

UDNnDCE Data consistency error flag

When the UDnPWR bit = 0 or the UDnTXE bit = 0 or the UDnDCS
bit = 0 or UDNnDCE bit = 0 has been set.

0

This bit is set when the transmit data is not consistent to receive data

1 in LIN communication mode.

The send data is compared with the receive data when data is transmitted in LIN
communication mode. When a mismatch is detected, this bit becomes 1.

The bit is maintained until 0 is written. It is always 0 for UDODCS = 0.

When 1 is written to this bit, the value is retained.

UDnPE Parity error flag
0 ¢ When the UDnPWR bit = 0 or the UDnNRXE bit = 0 has been set.
* When 0 has been written
1 When parity of data and parity bit do not match during reception.

« The operation of the UDnPE bit is controlled by the settings of the
UDNnCTLO0.UDNnPS1 and UDNnCTLO.UDNPSO bits.

« The UDnPE bit can be read and written, but it can only be cleared by writing O to
it, and it cannot be set by writing 1 to it. When 1 is written to this bit, the value is

retained.
UDnFE Framing error flag
0 ¢ When the UDnPWR bit = 0 or the UDnRXE bit = 0 has been set
¢ When 0 has been written
1 When no stop bit is detected during reception

« Only the first bit of the receive data stop bits is checked, regardless of the value of
the UDNCTLO.UDNSL bit.

« The UDnFE bit can be both read and written, but it can only be cleared by the
value is retained writing O to it, and it cannot be set by writing 1 to it. When 1 is
written to this bit.

UDnOVE Overrun error flag
0 ¢ When the UDnPWR bit = 0 or the UDnNRXE bit = 0 has been set.
* When 0 has been written
1 When receive data has been set to the UDnRXB register and the next

receive operation is completed before that receive data has been read

+« When an overrun error occurs, the data is discarded without the next receive data
being written to the receive buffer.

« The UDnOVE bit can be both read and written, but it can only be cleared by
writing O to it. When 1 is written to this bit, the value is retained
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UDNnRX - UARTDnN receive data register

The UDnRX register is an 8-bit buffer register that stores parallel data
converted by the receive shift register.

The data stored in the receive shift register is transferred to the UDnRX
register upon completion of reception of 1 byte of data.

During LSB-first reception when the data length has been specified as 7 bits,
the receive data is transferred to bits 6 to O of the UDnRX register and the MSB
always becomes 0. During MSB-first reception, the receive data is transferred
to bits 7 to 1 of the UDnRX register and the LSB always becomes 0.

When an overrun error (UDNOVE) occurs, the receive data at this time is not
transferred to the UDnRX register and is discarded.

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

In addition to reset input, the UDnRX register can be set to FFH by clearing the
UDNCTLO.UDnPWR hit to 0.

After reset: FFH R Address: UDORX FFFFFAO6H, UD1RX FFFFFA16H,
UD2RX FFFFFA26H, UD3RX FFFFFA36H ,
UD4RX FFFFFA46H

woerx | [ [ 1 [ [ [ ]

UDNTX - UARTDn transmit data register
The UDnTX register is an 8-bit register used to set transmit data.

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

Reset input sets this register to FFH.

Afterreset: FFH ~ R/W  Address: UDOTX FFFFFAQ7H, UD1TX FFFFFA17H,
UD2TX FFFFFA27H, UD3TX FFFFFA37H,
UDATX FFFFFA47H

oo | [ [ [ [ 0 [ ]

When the transmission is enabled (UDNPWR = 1 and UDnTXE = 1) the write
to the UDnTX register triggers the start of the transmission.

Be sure to execute the transmit data write during transmission after the
transmission interrupt request (INTUDNT) is generated.

If the the next data is written before the transmission is completed the
continuous transmission is enabled.

User’s Manual U18743EE1V2UMO0



Asynchronous Serial Interface (UARTD) Chapter 15

15.4

@)

)

@)

Interrupt Request Signals

The following three interrupt request signals are generated from UARTDn.
« Reception complete interrupt request signal (INTUDNR)
 Status interrupt request signal (INTUDNS)

e Transmission enable interrupt request signal (INTUDNT)

Reception complete interrupt request signal (INTUDNnR)

A reception complete interrupt request signal is output when data is shifted into
the receive shift register and transferred to the UDnRX register in the reception
enabled status.

In case of erroneous reception, the status interrupt INTUDNS is generated
instead of INTUDNR.

No reception complete interrupt request signal is generated in the reception
disabled status.

Transmission enable interrupt request signal (INTUDNT)

If transmit data is transferred from the UDnTX register to the UARTDn transmit
shift register with transmission enabled, the transmission enable interrupt
request signal is generated.

Status interrupt request signal (INTUDNS)

A status interrupt request is generated if an error condition occurred during
reception, as reflected by UDnSTR.UDnPE (parity error flag),
UDNnSTR.UDNFE (framing error flag), UDnSTR.UDNOVE (overrun error flag),
the data is not consistent between data transmit and data reception.

When the SBF reception mode selection bit is set in LIN communication mode
(UDNnSRS bit = 1), the status interrupt request signal is generated when a
consecutive low level (SBF) of 11 bits or more is received.
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15.5

1551

1)

Operation

Data format

Full-duplex serial data reception and transmission is performed.

As shown in the figures below, one data frame of transmit/receive data
consists of a start bit, character bits, parity bit, and stop bit(s).

Specification of the character bit length within 1 data frame, parity selection,
specification of the stop bit length, and specification of MSB/LSB-first transfer
are performed using the UDnCTLO register.

Moreover, control of UART output/inverted output for the TXDDn bit is
performed using the UDnNOPTO0.UDNTDL bit.

 Start bit 1 bit

» Character bits 7 bits/8 bits

 Parity bit Even parity/odd parity/0
parity/no parity

« Stop hit 1 bit/2 bits

UARTD transmit/receive data format

(a) 8-bit data length, LSB first, even parity, 1 stop bit, transfer data: 55H

} 1 data frame }

Start Parity| Stop
pit | DO | D1 D2 | D3 | D4 | D5 | D6 | D7 bit bit

(b) 8-bit data length, MSB first, even parity, 1 stop bit, transfer data: 55H

| 1 data frame ‘

Start Parity | Stop
bit | D7 | D6 | D5 | D4 | D3 | D2 | D1 DO bit bit
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(c) 8-bit data length, MSB first, even parity, 1 stop bit, transfer data: 55H,
TXDDn inversion

} 1 data frame }

Start | s [ pg | ps | pa | D3 | D2 | D1 | Do |Parity| Stop
bit bit bit

(d) 7-bit data length, LSB first, odd parity, 2 stop bits, transfer data: 36H

} 1 data frame }

Start Parity | Stop | Stop
bit DO D1 D2 D3 D4 D5 D6 bit bit bit

(e) 8-bit data length, LSB first, no parity, 1 stop bit, transfer data: 87H

} 1 data frame }

Sart| oy b1 | p2 | D3 | Da | D5 | D6 | D7 |StP
bit bit
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15.5.2

About LIN

Wake-up
signal
frame

SBF transmission/reception format

The UARTD has an SBF (Sync Break Field) transmission/reception control
function to enable use of the LIN function.

LIN stands for Local Interconnect Network and is a low-speed (1 to 20 kbps)
serial communication protocol intended to aid the cost reduction of an
automotive network.

LIN communication is single-master communication, and up to 15 slaves can
be connected to one master.

The LIN slaves are used to control the switches, actuators, and sensors, and
these are connected to the LIN master via the LIN network.

Normally, the LIN master is connected to a network such as CAN (Controller
Area Network).

In addition, the LIN bus uses a single-wire method and is connected to the
nodes via a transceiver that complies with 1ISO9141.

In the LIN protocol, the master transmits a frame with baud rate information
and the slave receives it and corrects the baud rate error. Therefore,
communication is possible when the baud rate error in the slave is +15% or
less.

Figure 15-2 and Figure 15-3 outline the transmission and reception
manipulations of LIN.

Check
SUM
field

Synch
break
field

Ident
field

Synch
field

LIN-bus

i

Note 3
8 bits

55H
transmission

Data
transmission

Note 2
Note 1 13 bits

Data Data Data
transmission  transmission transmission

TXDDn (output)

[

INTUDNR
interrupt

|
SBF transmission

Note 4

Figure 15-2

Note

406

LIN transmission manipulation outline

1. The interval between each field is controlled by software.

2. SBF output is performed by hardware. The output width is the bit length set
by the UDNOPTO0.UDNSBL2 to UDnOPTO0.UDNSBLO bits. If even finer
output width adjustments are required, such adjustments can be
performed using the UDNCTLNn.UDNBRS7 to UDNCTLNn.UDNBRSO bits.

3. 80H transfer in the 8-bit mode is substituted for the wakeup signal frame.
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4. A transmission enable interrupt request signal (INTUDNT) is output at the
start of each transmission. The INTUDNT signal is also output at the start
of each SBF transmission.

Wake-up Synch Check
signal break Synch Ident DATA DATA SUM
frame field field field field field field

. } } [ | | |
LIN-bus
Note 2 Data Data Note 5
13 bits SF reception ID reception  transmission transmission Data transmission
| | [ | | |
I I
BF
RXDDn (input) Disable Enable S .
reception

Note 3

Reception interrupt (INTUDNR)

——

Edge detection

e L1

Note 4

A
Capture timer Disable >< Enable

Figure 15-3

Note

LIN reception manipulation outline

1. The wakeup signal is sent by the pin edge detector, UARTDn is enabled,
and the SBF reception mode is set.

2. Upon detection of the SBF reception of 11 or more bits, normal SBF
reception end is judged. When the SBF reception mode selection bit
(UDNnSRS) is set to "0", the receive completion interrupt request signal
(INTUDnNR) is generated, and when the UDnSRS is set to "1", the status
interrupt request signal (INTUDNS) is generated. Upon detection of SBF
reception of less than 11 bits, an SBF reception error is judged, no
interrupt signal is output, and the mode returns to the SBF reception mode.

3. When SBF reception ends normally, if the SBF reception mode selection
bit (UDNnSRS) is "0", the receive completion interrupt request signal
(INTUDnNR) is generated, and if the UDnSRS is "1", the status interrupt
request signal (INTUDNS) is generated and the SBF reception success
flag (UDNnSSF) is set. If the SBF reception trigger bit (UDnSRT) is "1", the
error detection for the overrun, parity, and framing (UDnOVE, UDnPE,
UDNFE) is not performed during the SBF reception. Moreover, the data
transfer from the receive shift register to the receive data register (UDnRX)
is not performed, either. At this time, the UDnRX holds the prior value.

4. The RXDDn pin is connected to Tl (capture input) of the timer, the transfer
rate is calculated, and the baud rate error is calculated. The value of the
UDNCTL2 register obtained by correcting the baud rate error after dropping
UARTD enable is set again, causing the status to become the reception
status.
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5. Check-sum field distinctions are made by software. UARTDn is initialized
following CSF reception, and the processing for setting the SBF reception
mode again is performed by software. When the UDnSRS bit = 1, the SBF
reception can be performed automatically without setting to the SBF
reception mode again.

15.5.3 SBF transmission

INTUDNT

interrupt

UDnTSF

When the UDnCTLO.UDnPWR bit = UDnCTLO.UDNnTXE bit = 1, the
transmission enabled status is entered, and SBF transmission is started by
setting (to 1) the SBF transmission trigger (UDnOPTO0.UDNSTT bit).

Thereafter, a low level the width of bits 13 to 20 specified by the
UDNnOPTO0.UDNSLS2 to UDNOPTO0.UDNSLSO bits is output. A transmission
enable interrupt request signal (INTUDNT) is generated upon SBF
transmission start. Following the end of SBF transmission, the UDnSTT bit is
automatically cleared. Thereafter, the UART transmission mode is restored.

Transmission is suspended until the data to be transmitted next is written to the
UDNTX register, or until the SBF transmission trigger (UDnSTT bit) is set.

Stop
bit

j_

Setting of UANSTT bit

Figure 15-4 SBF transmission

15.5.4 SBF reception

The reception enabled status is achieved by setting the UDnCTLO.UDnPWR
bit to 1 and then setting the UDnCTLO0.UDnRX bit to 1.

The SBF reception wait status is set by setting the SBF reception trigger
(UDNOPTO0.UDNSTR bit) to 1.

In the SBF reception wait status, similarly to the UART reception wait status,
the RXDDn pin is monitored and start bit detection is performed.

Following detection of the low level, reception is started and the internal
counter counts up according to the set baud rate.

When a high level is received and if the SBF width is 11 or more bits, when
SBF receiving mode selection bit (UDNSRS) is “0” the reception completion
interrupt request signal (INTUDnNR) is generated. When the UDnSRS bit is “1”
the SBF reception success flag (UDNSSF) is set at the same time as
generating a status interrupt request signal (INTUDNS). The
UDNnOPTO0.UDNSRF bit is automatically cleared and SBF reception ends. Error
detection for the UDnSTR.UDNOVE, UDNnSTR.UDNPE, and UDnSTR.UDNnFE
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bits is suppressed and UART communication error detection processing is not
performed. Moreover, data transfer of the UARTDn reception shift register and
UDnNRX register is not performed and FFH, the initial value, is held. If the SBF
width is 10 or fewer bits, reception is terminated as error processing without
outputting an interrupt, and the SBF reception mode is returned to. The
UDnSREF bit is not cleared at this time.

The SBF mode can be selected between a single SBF receive mode and an
any time SBF receive mode in the UDnNOPT1 register (UDNOPT1.UDNSRS).
The status of a successful reception of the SBF is shown y the
UDNnOPT1.UDNnSRS bit in the UDnOPT1 register.

(@) Normal SBF reception (detection of stop bitin more than 10.5 bits)

UDnSRF
INTUDNR
interrupt
(b) SBF reception error (detection of stop bit in 10.5 or fewer bits)
t]2)s|als 6|7 8]0 0
10.5

UDOSRF

INTUDNnR

interrupt

Note The UDnSRF bit is reset by setting the UDnSRT bit to "1", and cleared by
normal SBF reception.
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15.5.5 Data consistency check

uUDNnTX
signal

UDnNRX

signal

UDNSTR.
UDNTSF

internal
error
detection

UDnNSTR.
UDNnDCE

INTUDNS

The UARTD incorporates a data consistency check function to detect a
mismatch between the transmit data written to transmit register (UDnTX) and
the data on the bus when the device operates in master mode.

The data consistency is checked by comparing the transmit data in the
transmit register (UDnTX) and the receive data in the receive register
(UDNnRX). In case of a mismatch the data consistency error flag
(UDNSTR.UDNDCE) is set and a status interrupt request (INTUDNS) occurs.

The consistency check of the send data and the input data terminal level is
done even if the reception is disabled (UDNRXE = 0) during sending. In that
case also the reception completion interrupt request signal (INTUDNR), the
UDNnSSF, UDnFE, UDnOVE and the status interrupt request signal (INTUDnNS)
will not be generated as well. Receive data does not need to be read.

Refer to “UARTDn status register (UDNSTR)” on page 393 for details.

(a) Timing example of data consistency error (UDNnSRF = 0)

Communication stops

Start Stop 1
bit DO D1 D2 D3 D4 D5 D6 D7 bit :
S | | St
@t 5o | b1 | D2 | D3 | D4 | D5 | D6 | D7 °op |
bit | | bit |
AN AN AN AN l} AN AN AN AN
1
|
Mismatch
detection
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(b) Timing example of data consistency error when there is a delay
between transmit and receive operation

Communication stops

T T T
uUDNTX signal Start 1 | Stop |
oxD5 bit Do D1 D2 D3 D4 D5 D6 : D7 : bit :

1 1 T T
UDnNRX signal Start | | Stop |
OXAA bit : DO D1 D2 D3 D4 D5 D6 D7 : bit :
PaN AN AN PaN AN AN AN PaN AN 4 PaN
|
UDNSTR. recoon:
UDNTSF SN
i
internal

error
detection

UDNSTR.
UDNDCE

INTUDNS
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15.5.6

UART transmission

First, set the transmission enabled status by performing the following
procedures.

» Specify the operation clock by the UARTD control register 1 (UDnCTL1)
« Specify the baud rate by the UARTD control register 2 (UDnCTL?2)

« Specify the output logic level by the UARTD option control register 0
(UDNOPTO).

« Specify the transmit destination, parity, data character length, stop bit length
by the UARTD control register 0 (UDnCTLO).

« Set the power bit and the transmission enabled bit (UDnPWR =1, UDnTXE
= 1)

Write of the transmit data to the transmission buffer register (UDnTX) starts
transmission. The data which is saved in the UDnTX register is transferred to
the transmit shift register (UDNTXS). Then, the start bit, parity bit, and stop bit
are added and the data is output serially from the TXDDn to the data.
Moreover, at the timing that the transfer to UDnTXS of the data stored in
UDNTX is completed, a transmission interrupt request signal (INTUDNT) is
generated.

Once INTUDNT is generated, the next data can be written to UDnTX.

INTUDNT

Start Parity| Stop
pit | DO | D1 D2 | D3 | D4 | D5 | D6 | D7 bit bit

-

Note

LSB first
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15.5.7 Continuous transmission procedure

UARTDnN can write the next transmit data to the UDnTX register when the
UARTDnN transmit shift register starts the shift operation. The transmit timing of
the UARTDn transmit shift register can be judged from the transmission enable
interrupt request signal (INTUDNT).

An efficient communication rate is realized by writing the data to be transmitted
next to the UDNTX register during transfer.

Caution During continuous transmission execution, perform initialization after checking
that the UDnSTR.UDNTSF bit is 0. The transmit data cannot be guaranteed
when initialization is performed while the UDnTSF bit is 1.

=

Register settings

UDNTX write

Occurrence of transmission
interrupt?

Required number of
writes performed?

C

Figure 15-5 Continuous transmission processing flow
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TXDDn , \Start:' Data (1) ':'Parity/ Stop \Start," Data (2) '('Parity/ Stop \Start

ubnTX X Data (1) X Data (2) X Data (3)

- j ) )
eremissn y o y e I~

INTUDNT |_| | |

UDNTSF

Figure 15-6 Continuous transmission operation timing —transmission start

UDTTXD Parity Stop | Start; Data (n—1) :{Parity, Stop \Start:’ Data (n) :{Parity, Stop

ubnTX Data (n—1) X Data (n)
Trgnsmi§sion X Data (n —1) X Data (n) / FF
shift register

x
i i \
7

UDNTSF

UDNnPWR or UDnTXE bit \

Figure 15-7 Continuous transmission operation timing—transmission end

15.5.8 UART reception
First, set the reception enabled status by the next operations to monitor the
RXDDn input and perform the start bit detection.
« Specify the operation clock by the UARTD control register 1 (UDnCTL1)
« Specify the baud rate by the UARTD control register 2 (UDNCTL2)

« Specify the output logic level by the UARTD option control register 0
(UDNnOPTO)
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« Specify the communication direction, parity, data character length, and stop
bit length by the UARTD control register 0 (UDNCTLO).

« Set the power bit and the reception enabled bit (UDNnPWR = 1, UDNRXE =
1).

When the sampling of the input level of the RXDDn pin is performed and the
falling edge is detected, the data sampling of the RXDDn input is started. The
start bit is recognized if the RXDDn pin is low level after the time of a half bit is
passed after the detection of the falling edge (shown in the figure below). After
a start bit has been recognized, the receive operation starts, and serial data is
stored in the receive shift register according to the set baud rate. When the
reception complete interrupt request signal (INTUDnNR) is output upon
reception of the stop bit, the data stored in the receive shift register is written to
the receive data register (UDnRX).

However, if an overrun error occurs (UDNOVE = 1), the receive data at this time
is not transferred to the UDnRX register and is discarded. Even if a parity error
(UDNnPE = 1) or a framing error (UDNnFE = 1) occurs during reception, reception
continues until the reception position of the first stop bit, and the reception data
is transferred to the UDnRX. In any case of the reception errors, INTUDNS is
output after the following reception completion, but not INTUDNR.

when the communication direction, parity, data character length, and the stop
bit length are changed, clear the power bit (UDNPWR = 0) or clear both the
transmission enabled bit and the reception enabled bit (UDNnTXE = 0, UDnRXE
= 0), and then change the setting.

INTUDNR

Start Parity| Stop
bit DO D1 D2 D3 D4 D5 D6 D7 bit bit

UDNnRX

Figure 15-8 UART reception

Caution

1. Be sure to read the UDnRX register even when a reception error occurs. If
the UDnRX register is not read, an overrun error occurs during reception of
the next data.

2. The operation during reception is performed assuming that there is only one
stop bit. A second stop bit is ignored.

3. When reception is completed, read the UDnRX register after the reception
complete interrupt request signal (INTUDNR) has been generated, and clear
the UDNPWR or UDnRXE bit to 0. If the UDnPWR or UDnRXE bit is cleared
to 0 before the INTUDNR signal is generated, the read value of the UDnRX
register cannot be guaranteed.

4. If receive completion processing (INTUDNR signal generation) of UARTDn
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Note

15.5.9

Table 15-2

and the UDnPWR bit = 0 or UDNRXE bit = 0 conflict, the INTUDNR signal
may be generated in spite of these being no data stored in the UDnRX
register.

To complete reception without waiting INTUDNR signal generation, be sure
to clear (0) the interrupt request flag (UDNnRIF) of the UDnRIC register, after
setting (1) the interrupt mask flag (UDNnRMK) of the interrupt control register
(UDNRIC) and then set (1) the UDnPWR bit = 0 or UDnNRXE bit = 0.

1. Ifthe low level is always input to the RXDDn pin, it is not judged as the start
bit.

2. In continuous reception, immediately after the stop bit is detected at the
first reception bit (when the reception completion interrupt is generated),
the next start bit can be detected.

3. Ifthe UDnRDL =1 (receive data inversion input) is selected, when the
reception is started, change the data reception pin to the UART receive pin
mode and then enable the reception. If the pin mode is changed after the
reception is enabled, the start bit is detected faultily if the pin level at this
time is high level.

Reception errors

Errors during a receive operation are of three types: parity errors, framing
errors, and overrun errors. Data reception result error flags are set in the
UDNSTR register and a status interrupt request signal INTUDNS is output
when an error occurs.

It is possible to ascertain which error occurred during reception by reading the
contents of the UDnSTR register.

Clear the reception error flag by writing O to it after reading it.

Reception error causes

Error flag

Reception error | Cause

UDnPE

Parity error Received parity bit does not match the setting

UDnFE

Framing error Stop bit not detected

UDNnOVE

Overrun error Reception of next data completed before data was read from

receive buffer

416

Note

15.5.10

Caution

Note that even in case of a parity or framing error, data is transferred from the
receive shift register to the receive data register UDnRX. Consequently the
data from UDnRX must be read. Otherwise an overrun error
UDNnSTR.UDNOVE will occur at reception of the next data.

In case of an overrun error, the receive shift register data is not transferred to
UDNRX, thus the previous data is not overwritten.

Parity types and operations

When using the LIN function, fix the UDnPS1 and UDnPSO0 bits of the
UDNCTLO register to 00.
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1)

)

®3)

(4)

The parity bit is used to detect bit errors in the communication data. Normally
the same parity is used on the transmission side and the reception side.

In the case of even parity and odd parity, it is possible to detect odd-count bit
errors. In the case of 0 parity and no parity, errors cannot be detected.

Even parity

e During transmission
The number of bits whose value is “1” among the transmit data, including
the parity bit, is controlled so as to be an even number. The parity bit values
are as follows.

— Odd number of bits whose value is “1” among transmit data:1
— Even number of bits whose value is “1” among transmit data:0

» During reception
The number of bits whose value is “1” among the reception data, including
the parity bit, is counted, and if it is an odd number, a parity error is output.

Odd parity

« During transmission
Opposite to even parity, the number of bits whose value is “1” among the
transmit data, including the parity bit, is controlled so that it is an odd
number. The parity bit values are as follows.

— Odd number of bits whose value is “1” among transmit data: 0
— Even number of bits whose value is “1” among transmit data: 1

« During reception
The number of bits whose value is “1” among the receive data, including the
parity bit, is counted, and if it is an even number, a parity error is output.

0 parity
During transmission, the parity bit is always made 0, regardless of the transmit
data.

During reception, parity bit check is not performed. Therefore, no parity error
occurs, regardless of whether the parity bitis 0 or 1.

No parity
No parity bit is added to the transmit data.

Reception is performed assuming that there is no parity bit. No parity error
occurs since there is no parity bit.
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15.5.11 Receive data noise filter

This filter samples the RXDDn pin using the base clock of the prescaler output.

When the same sampling value is read twice, the match detector output
changes and the RXDDn signal is sampled as the input data. Therefore, data
not exceeding 2 clock width is judged to be noise and is not delivered to the
internal circuit (see Figure 15-10). See “Base clock” on page 419 regarding the
base clock.

Moreover, since the circuit is as shown in Figure 15-9, the processing that
goes on within the receive operation is delayed by 3 clocks in relation to the
external signal status.

Base clock (fucLk)

Internal signal A Internal signal B )
RXDAn —{ In Q i In Q ’ In Q |—— Internal signal C
Match
detector LD_EN

=

Figure 15-9 Noise filter circuit

Base clock

RXDDn (input)

Internal signal A

Internal signal B ' ;

A A A A
Match Mismatch Match Mismatch
i (judged as noise) ' (judged as noise)

Internal signal C

Figure 15-10 Timing of RXDDn signal judged as noise
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15.6 Baud Rate Generator

The dedicated baud rate generator consists of a source clock selector block
and an 8-bit programmable counter, and generates a serial clock during
transmission and reception with UARTDnN. Regarding the serial clock, a
dedicated baud rate generator output can be selected for each channel.

There is an 8-bit counter for transmission and another one for reception.

(1) Baud rate generator configuration

UDnPWR

fxp1 or fxp2 —=

fxp1/2 ——=

UDnPWR, UDNnTXEn bit (or UDnRXE bit)

l

fxp1/4 ——
Selector

fxp1/1024 ——

ASCKDONo® ———=|

fuctk

8-bit counter

Match detector

1/2

UDNnCTL1:

UDNCKS3 to UDnCKS0

UDNnCTL2:
UDnBRS?7 to UDnBRS0

Note: External clock ASCKDO is only availabel for UARTDO

Figure 15-11 Configuration of baud rate generator

(a) Base clock

Baud rate

When the UDnCTLO.UDnPWR bit is 1, the clock selected by the
UDNCTL1.UDNnCKS[3:0] bits are supplied to the 8-bit counter. This clock is
called the base clock. When the UDnPWR bit = 0, fucik is fixed to the low

level.

(b) Serial clock generation

A serial clock can be generated by setting the UDnCTLL1 register and the

UDNCTL2 register.

The base clock is selected by UDnCTL1.UDnCKS3 to
UDNCTL1.UDnCKSO bits.

The frequency division value for the 8-bit counter can be set using the

UDNCTL2.UDnBRS[7:0] bits.
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(2) UDNCTL1 - UARTDn control register 1
The UDNnCTL1 register is an 8-bit register that selects the UARTDn base clock.
This register can be read or written in 8-bit units.
Reset input clears this register to 00H.
Caution Clear the UDnCTLO0.UDnPWR bit to 0 before rewriting the UDnCTL1 register.
After reset: 00H Address: UDOCTL1: FFFFFAO1, UD1CTL1: FFFFFA11
UD2CTL1: FFFFFA21
5 2 1 0
UDNnCTL1 0 0 UDNCKS3 | UDNCKS2 | UDnCKS1 | UDNnCKSO
R/W R R R R/W R/W R/W R/W
Sriggt\le-l;;n UDNCTL1 register Input clock (fo k)
ISELn UDNnCKS3 | UDnCKS2 | UDnCKS1 | UDnCKSO Input PRSI =0 PRSI =1
0 f f fyx/2
S D R R R ™ "
X 0 0 0 1 fyp1/2 fyx/2 fyx/4
X 0 0 1 0 fyp1/4 fuxl4 fyx/8
X 0 0 1 1 fyp1/8 fyx/8 fyx/16
X 0 1 0 0 fyp1/16 fyx/16 fyx/32
X 0 1 0 1 fyp1/32 fyx/32 fyx/64
X 0 1 1 0 fyp,64 fyx/64 fyx/128
X 0 1 1 1 fypy/128 fyx/128 fyx/256
X 1 0 0 0 fyp1/256 fyx/256 fyx/512
X 1 0 0 1 fyp1/512 fyx/512 fyx/1024
X 1 0 1 0 fyp/1024 | fyy /1024 fyx/2048
X 1 0 1 1 - ASCKAQ®
Other than above - Setting prohibited

3 For detailed information concerning the SELCNTm register refer to “Clock Generator” on page 179.
B) fyp, has hte same frequency as fyps, but does not stop in IDLE1 mode.
©) ASCKDO is an external clock only for UARTDO. For UARTD1-5 the setting is prohibited.

Note PRSI can be set by the option bytes:

Refer to “Flash Memory” on page 259 for details.
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@)

Caution

Note

(4)

UDNCTL2 - UARTDn control register 2

The UDNnCTL2 register is an 8-bit register that selects the baud rate (serial
transfer speed) clock of UARTDn.

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

Reset input sets this register to FFH.

Clear the UDnCTLO.UDnPWR bit to 0 or clear the UDnTXE and UDnRXE bits
to 00 before rewriting the UDNCTL2 register.

After reset FFH R/W  Address: UDOCTL2 FFFFFA02H, UD1CTL2 FFFFFA12H,
UD2CTL2 FFFFFA22H

7 6 5 4 3 2 1 0
UDNCTL2  [UDnBRS7UDNBRS6 UDnBRS5UDNBRS4/UDNBRS3UDNBRS2|UDNBRS1|UDNBRS(|

UDn | UDn | UDn | UDn | UDn | UDn | UDn | UDn |Default| Serial
BRS7 | BRS6 | BRS5 | BRS4 | BRS3 | BRS2 | BRS1 | BRSO | (k) clock
0 0 0 0 0 0 x x x| pronnd,
0 0 0 0 0 1 0 0 4 fucLk/4
0 0 0 0 0 1 0 1 5 fucLk/5
0 0 0 0 0 1 1 0 6 fucLk/6
1 1 1 1 1 1 0 0 252 | fucik/252
1 1 1 1 1 1 0 1 253 | fucik/253
1 1 1 1 1 1 1 0 254 | fucik/254
1 1 1 1 1 1 1 1 255 | fucik/255

fuck: Clock frequency selected by UDnCTL1.UDNCKSJ[3:0]
Baud rate
The baud rate is obtained by the following equation.
_ fucik
Baud rate = Tk [bps]

fucLk = frequency of base clock selected by the UDnCTL1.UDnCKS[3:0].

k = Value set using the UDnCTL2.UDnBRS[7:0] bits
(k=4,5,86, ..., 255)
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(5) Baud rate error
The baud rate error is obtained by the following equation.
Actual baud rate (baud rate with error)
0, = — 0,
Error (%) ( Target baud rate (correct baud rate) 1) x 100 [%]
Caution 1. The baud rate error during transmission must be within the error tolerance
on the receiving side.
2. The baud rate error during reception must satisfy the range indicated in (7)
Allowable baud rate range during reception.
Example « Base clock frequency f,, = 20 MHz
« Setting value of
— PRSI = 0: fypq = fyx = 20MHz
— UDnCTLlUDnCKS[30] = OOOlB fUCLK = pr1/2 =10 MHz
— UDNnCTL2.UDnBRS[7:0] = 0011 0100g: k = 52
» Target baud rate = 153,600 bps
« Actual Baud rate = 10 MHz / (2 x 52) = 153,846 [bps]
« Baud rate error = (153,846/153,600 — 1) x 100 = 0.160 [%)]
(6) Baud rate setting example
Table 15-3 Baud rate generator setting data (normal operation, fyp; = 20 MHz,
PRSI =0)
Target Actual
baud rate UDnCTL1 UDnCTL2 baud rate Baud r(?/t)e error
[bps] Selector Divider Divider k [bps] ’
300 08H 256 82H 130 300.48 0.16
600 08H 256 41H 65 600.96 0.16
1,200 O7H 128 41H 65 1,201.92 0.16
2,400 06H 64 41H 65 2,403.85 0.16
4,800 O5H 32 41H 65 4,807.69 0.16
9,600 04H 16 41H 65 9,615.38 0.16
19,200 O3H 8 41H 65 19,230.77 0.16
31,250 02H 4 50H 80 31,250.00 0.00
38,400 02H 4 41H 65 38,461.54 0.16
76,800 01H 2 41H 65 76,923.08 0.16
153,600 OOH 1 41H 65 153,846.15 0.16
312,500 OOH 1 20H 32 312.500 0.0

422
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Table 15-4 Baud rate generator setting data (hormal operation, fyp; = 16 MHz,

PRSI = 0)
b;:(rjggte LBHEL UDnCTL2 baAuCéur:\Ite Baud rate error
[bps] Selector Divider Divider k [bps] ()
300 08H 256 68H 104 300.48 0.16
600 08H 256 34H 52 600.96 0.16
1,200 07H 128 34H 52 1,201.92 0.16
2,400 06H 64 34H 52 2,403.85 0.16
4,800 05H 32 34H 52 4,807.69 0.16
9,600 04H 16 34H 52 9,615.38 0.16
19,200 O3H 8 34H 52 19,230.77 0.16
31,250 03H 8 20H 32 31,250.00 0.00
38,400 02H 4 34H 52 38,461.54 0.16
76,800 01H 2 34H 52 76,923.08 0.16
153,600 0O0H 1 34H 52 153,846.15 0.16
312,500 00H 1 1AH 26 307,692.31 -1.54
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(7) Allowable baud rate range during reception

The baud rate error range at the destination that is allowable during reception
is shown below.

Caution The baud rate error during reception must be set within the allowable error
range using the following equation.
Latch timing
Y4 Y4 Y4 Y4 Y% %7

\
UARTn Startbit [ Bito Bit 1 Bit7 ) Parity bit | Stop bit
transfer rate

Minimum \ . . . x x . - .
allowable Start bit /< Bit 0 X Bit 1 Bit 7 X Parity b|t>/ Stop bi

transfer rate

-

FL

1 data frame (11 x FL)

—

FLmin

Maximum \Startbit /< Bit 0 X Bit 1 Bit 7 XParitybity Stop bit
allowable

transfer rate

Figure 15-12

424

FLmax

Allowable baud rate range during reception

As shown in Figure 15-12, the receive data latch timing is determined by the
counter set using the UDnCTL2 register following start bit detection. The
transmit data can be normally received if up to the last data (stop bit) can be
received in time for this latch timing.

When this is applied to 11-bit reception, the following is the theoretical result.

FL = (Brate)™
Brate:UARTDn baud rate
k: Setting value of UDNCTL2.UDnBRS[7:0]
FL: 1-bit data length

Latch timing margin: 2 clocks

Minimum allowable transfer rate:

FLo = 1 xFL-K=2p = 22K 2,

m 2k T2k FL

Therefore, the maximum baud rate that can be received by the destination is
as follows.

BRmax = (FLmin/11)" = Z—%X Brate
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Similarly, obtaining the following maximum allowable transfer rate yields the

21k -2
—_— X

ok FL

Therefore, the minimum baud rate that can be received by the destination is as

following.
%%XFme<:11xFL—§§§xFL=
Fme(ZZEEEZXFLxll

follows.
BRmin = (FLmax/11) " =

_ _20k
21k-2

x Brate

Obtaining the allowable baud rate error for UARTDn and the destination from
the above-described equations for obtaining the minimum and maximum baud

rate values yields the following.

Table 15-5 Maximum/Minimum allowable baud rate error

Division ratio (k) Maximum allowable baud rate error Minimum allowable baud rate error
4 +2.32% -2.43%
8 +3.52% -3.61%
20 +4.26% -4.30%
50 +4.56% -4.58%
100 +4.66% -4.67%
255 +4.72% -4.72%
Note 1. The reception accuracy depends on the bit count in 1 frame, the input clock

frequency, and the division ratio (k). The higher the input clock frequency
and the larger the division ratio (k), the higher the accuracy.

2. k: Setting value of UDNCTL2.UDnBRS[7:0]
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(8)

Baud rate during continuous transmission

During continuous transmission, the transfer rate from the stop bit to the next
start bit is usually 2 base clocks longer. However, timing initialization is
performed via start bit detection by the receiving side, so this has no influence
on the transfer result.

1 data frame '/ Start bit of 2nd byte

\ Start bit /<

FL

Figure 15-13

15.7

L FLstp FL FL

Bit 0 X Bit 1 x x Bit 7 XParitybit)lStopbit \Startbit‘ Bit O x
FL FL FL F

Transfer rate during continuous transfer

Assuming 1 bit data length: FL; stop bit length: FLstp; and base clock
frequency: fucik, we obtain the following equation.

FLstp = FL + 2/fucLk

Therefore, the transfer rate during continuous transmission is as follows.

Transfer rate = 11 x FL + (2/fucik)

Cautions

When the clock supply to UARTDn is stopped (for example, in IDLE1, IDLEZ2,
or STOP mode), the operation stops with each register retaining the value it
had immediately before the clock supply was stopped. The TXDDn pin output
also holds and outputs the value it had immediately before the clock supply
was stopped. However, the operation is not guaranteed after the clock supply
is resumed. Therefore, after the clock supply is resumed, the circuits should be
initialized by setting the UDnCTL0.UDnPWR, UDNCTL0.UDnRXEn, and
UDNCTLO.UDNTXEn bits to 000.
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Chapter 16 Clocked Serial Interface (CSIB)

The VB50ES/Fx3-L microcontrollers have following instances of the Clocked
Serial Interface CSIB:

CSIiB VB850ES/FE3-L | VB850ES/FF3-L | VB50ES/FG3-L
Instances 2
Names CSIBO to CSIB1

Throughout this chapter, the individual instances of CSIB are identified by “n”,
for example, CBnCTLO for the CSIBn control register 0.

16.1 Features

Transfer rate: 8 Mbps to 2 Kbps (using dedicated baud rate generator)
Master mode and slave mode selectable

8-bit to 16-hit transfer, 3-wire serial interface

2 interrupt request signals (INTCBnT and INTCBnR)

Serial clock and data phase switchable

Transfer data length selectable in 1-bit units between 8 and 16 bits
Transfer data MSB-first/LSB-first switchable

3-wire transfer SOBn: Serial data output
SIBn: Serial data input
SCKBn: Serial clock input/output

Transmission mode, reception mode, and transmission/reception mode
specifiable

Baud rate generator input for CSIBO
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16.2 Configuration

The following shows the block diagram of CSIBn.

8 Internal bus
CBNCTL1 | CBNCTLO | | CBnCTL2 |

|
CBnSTR

‘_
INTCBnT

v ::> Controller INTCBnR

fxp1/2 ————

fxp1/4 ————=

xp1/8 ————»

xP1/16 —————— "8 !
xp1/32 —————| % H
fx1/64 ——w| D E
fere (N=0) Of ———————=| i
TOAAO01(n=1) or H
fxp1/128(n=2,3) S —— !
1
1
1
SCKBn © |
SO latch| ] f:rif; L ~© S0Bn
SiBn ©

Figure 16-1 Block diagram of CSIBn

Note For details on the setting of fok refer to “CBnCTL1 - CSIBn control register 1”
on page 432.

CSIBn includes the following hardware.

Table 16-1 Configuration of CSIBn

Item Configuration

Registers CSIBn receive data register (CBnRX)
CSIBn transmit data register (CBnTX)

Control registers CSIBn control register 0 (CBnCTLO)
CSIBn control register 1 (CBnCTL1)
CSIBn control register 2 (CBnCTL2)
CSIBn status register (CBnSTR)
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1)

)

Note

CBnRX - CSIBn receive data register
The CBnRX register is a 16-bit buffer register that holds receive data.

This register is read-only, in 16-bit units.

The receive operation is started by reading the CBnRX register in the
reception enabled status.

If the transfer data length is 8 bits, the lower 8 bits of this register are read-only
in 8-bit units as the CBnRXL register.

Reset input clears this register to 0000H.

In addition to reset input, the CBnRX register can be initialized by clearing (to
0) the CBnPWR bit of the CBnCTLO register.

After reset: 0000H R Address: CBORX FFFFFD04H, CB1RX FFFFFD14H,

CBnRX

CBnTX - CSIB transmit data register

The CBnTX register is a 16-bit buffer register used to write the CSIBn transfer
data.

This register can be read or written in 16-bit units.

The transmit operation is started by writing data to the CBnTX register in the
transmission enabled status.

If the transfer data length is 8 bits, the lower 8 bits of this register are read/write
in 8-bit units as the CBnTXL register.

Reset input clears this register to 0000H. In addition to reset input, the CBnTX
register can be initialized by clearing the CBnPWR bit of the CBnCTLO
register.

After reset 0000H R/W Address: CBOTX FFFFFDO6H, CB1TX FFFFFD16H

CBnTX

The communication start conditions are shown below:
e Transmission mode (CBnTXE bit = 1, CBnRXE bit = 0):
Write to CBnTX register

« Transmission/reception mode (CBnTXE bit = 1, CBnRXE bit = 1):
Write to CBnTX register

« Reception mode (CBnTXE bit = 0, CBnRXE bit = 1):
Read from CBnRX register
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UDnOPTO

R/W
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16.3

@)

CSIB Control Registers

The following registers are used to control CSIBn.
e CSIBn control register 0 (CBnCTLO)

e CSIBn control register 1 (CBnCTL1)

e CSIBn control register 2 (CBnCTL2)

e CSIBn status register (CBnSTR)

CBnCTLO - CSIBn control register 0
CBNCTLO is a register that controls the CSIBn serial transfer operation.

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

Reset input sets this register to 01H. .

After reset: 04H Address:  CBOCTLO: FFFFFD0O, CB1CTLO: FFFFFD10
CB2CTLO: FFFFFD20, CB2CTLO: FFFFFD30
7 6 5 4 3 2 1 0
CBnTXE | CBnRXE | CBnDIR CBnTWS
CBnPWR Notel Notel Notel 0 0 Notel CBnSCE
R/W R/W R/W R/W R R R/W R/W
CBnPWR Specification of CSIBn operation disable/enable
0 Disable CSIBn operation and reset the CBnSTR register.
1 Enable CSIBn operation.

The CBnPWR bit controls the CSIBn operation and resets the internal circuit.

CBnTXE Specification of transmit operation disable/enable
0 Disable transmi