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Notice

1. Allinformation included in this document is current as of the date this document is issued. Such
information, however, is subject to change without any prior notice. Before purchasing or using any
Renesas Electronics products listed herein, please confirm the latest product information with a
Renesas Electronics sales office. Also, please pay regular and careful attention to additional and
different information to be disclosed by Renesas Electronics such as that disclosed through our
website.

2. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other
intellectual property rights of third parties by or arising from the use of Renesas Electronics
products or technical information described in this document. No license, express, implied or
otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of
Renesas Electronics or others.

3. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product,
whether in whole or in part.

4. Descriptions of circuits, software and other related information in this document are provided only to
illustrate the operation of semiconductor products and application examples. You are fully
responsible for the incorporation of these circuits, software, and information in the design of your
equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third
parties arising from the use of these circuits, software, or information.

5. When exporting the products or technology described in this document, you should comply with the
applicable export control laws and regulations and follow the procedures required by such laws and
regulations. You should not use Renesas Electronics products or the technology described in this
document for any purpose relating to military applications or use by the military, including but not
limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture,
use, or sale is prohibited under any applicable domestic or foreign laws or regulations.

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

7. Renesas Electronics products are classified according to the following three quality grades:
“Standard”, “High Quality”, and “Specific’. The recommended applications for each Renesas
Electronics product depends on the product’s quality grade, as indicated below. You must check the
quality grade of each Renesas Electronics product before using it in a particular application. You
may not use any Renesas Electronics product for any application categorized as “Specific” without
the prior written consent of Renesas Electronics. Further, you may not use any Renesas
Electronics product for any application for which it is not intended without the prior written consent
of Renesas Electronics. Renesas Electronics shall not be in any way liable for any damages or
losses incurred by you or third parties arising from the use of any Renesas Electronics product for
an application categorized as “Specific” or for which the product is not intended where you have
failed to obtain the prior written consent of Renesas Electronics.
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The quality grade of each Renesas Electronics product is “Standard” unless otherwise expressly
specified in a Renesas Electronics data sheets or data books, etc.

“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.

“High Quality”: 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; medical equipment or systems for life support (e.g. artificial life support
devices or systems), surgical implantations, or healthcare intervention (e.g.
excision, etc.), and any other applications or purposes that pose a direct threat to
human life.

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

9. Although Renesas Electronics endeavors to improve the quality and reliability of its products,
semiconductor products have specific characteristics such as the occurrence of failure at a certain
rate and malfunctions under certain use conditions. Further, Renesas Electronics products are not
subject to radiation resistance design. Please be sure to implement safety measures to guard them
against the possibility of physical injury, and injury or damage caused by fire in the event of the
failure of a Renesas Electronics product, such as safety design for hardware and software including
but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer
software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

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

11. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior
written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the
information contained in this document or Renesas Electronics products, or if you have any other
inquiries.

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

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or
for Renesas Electronics.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage
notes on the products covered by this manual, refer to the relevant sections of the manual. If the
descriptions under General Precautions in the Handling of MPU/MCU Products and in the body of the
manual differ from each other, the description in the body of the manual takes precedence.

1.

Handling of unused Pins

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

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

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

— The states of internal circuits in the LSI are indeterminate and the states of register settings and
pins are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the states of pins
are not guaranteed from the moment when power is supplied until the reset process is
completed.

In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function
are not guaranteed from the moment when power is supplied until the power reaches the level at
which resetting has been specified.

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

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

Clock signals

After applying a reset, only release the reset line after the operating clock signal has become
stable. When switching the clock signal during program execution, wait until the target clock signal
has stabilized.

— When the clock signal is generated with an external resonator (or from an external oscillator)
during a reset, ensure that the reset line is only released after full stabilization of the clock
signal. Moreover, when switching to a clock signal produced with an external resonator (or by an
external oscillator) while program execution is in progress, wait until the target clock signal is
stable.

Differences between products

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

the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different part numbers may differ
because of the differences in internal memory capacity and layout pattern. When changing to
products of different part numbers, implement a system-evaluation test for each of the products.
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How to use this manual

Purpose and target readers

This manual is designed to provide the user with an understanding of the
hardware functions of the microcontroller. It is intended for users designing
application systems incorporating the microcontroller. A basic knowledge of
electric circuits, logical circuits, and microcontrollers is necessary in order to
use this manual.

Special notations
Following special notations are used throughout this document:

Note Additional remark or tip

Caution Item deserving extra attention

Electrical specifications

This manual does not present any electrical specifications.

Refer to the Data Sheet for detailed definitions of all electrical properties.

For information about the Data Sheet document, refer to the section “Related
Documents” in the chapter “Introduction”.

Additional documents

Following types of documents are available for the V850E/Dx3 - DG3
microcontrollers. Make sure to refer to the latest versions of these documents.
The newest versions of the documents listed may be obtained from the
Renesas Electronics Web site.

Document Type Description Document
Data sheet Hardware overview and electrical characteristics Refer to the section
User's manual: Hardware specifications (pin assignments, memory maps, Related Documents” in

Hardware functional modules specifications and operation description) the chapter “Introduction

Note: Refer to the application notes for details on using
functional modules.

User's manual: Description of CPU, its instruction set and processor
32-bit Microprocessor | protection functions
Core Architecture

Application note Information on using peripheral functions and application Available from Renesas
examples, sample programs and information on writing Electronics Web site
programs in assembly language and C
Renesas technical Product specifications, updates on documents, etc.
update
RO1UHO0027ED0420 Rev. 4.20 RENESAS 5
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Product overview

CPU core functions

CPU Subsystem
functions

Port functions

Interrupt functions

DMA/DTS functions

Flash memory

Stand-by functions

Code protection
and security

Content of this manual

In the following brief hints are given where to find certain information about the
V850E/Dx3 - DG3 microcontrollers.

Refer to the chapter “Introduction” for an overview of the features of all target
microcontrollers and their block diagrams.

Order codes for all devices and a list of related documents is given here as
well.

The functions of the CPU core (e.g. instruction set, processor protection
functions, etc.) are not subject to this manual. Refer to the separate CPU core
manual, shown in the section “Related Documents” in the chapter
“Introduction”.

The functions of the CPU Subsystem (including address map, operation
modes, etc.) are described in the chapter “CPU System Function”.

The section “Write protected Registers” in this chapter describes how to deal
with registers, that feature special write protection facilities.

If the microcontroller has separate bus systems beside the CPU Subsystem to
connect certain functional modules, refer to the chapter “Bus Architecture”.

The chapter “Port Functions” describes all input/output port related functions,
such as port sharing, I/O buffer control, port filters.

The features and electrical properties of the 1/O buffers are not subject to this
manual, but are described in the Data Sheet.

Refer to the chapter “Interrupt Controller”.
Note that the function of each interrupt source is not described here, but in the
related chapter of the module, that generates the interrupt.

Refer to the chapter “DMA/DTS Controller” or “DMA Controller”, if the target
microcontroller does not feature DTS functions.

Note that the function of each DMA/DTS trigger source is not described here,
but in the related chapter of the module, that generates the trigger signal.

For microcontrollers with on-chip flash memory refer to the chapter “Flash
Memory” for information about the flash memories structure and features,
programming facilities, etc.

How to set the microcontroller in stand-by modes and wake it up again is
described in the sub-chapter “Power Save Modes” in the chapter “Clock
Generator”.

Facilities to protect program code in on-chip flash memory (if available) from
illegal read-out via external flash programming equipment or debuggers is
described in the chapter “Code Protection and Security”.
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Clock supply

Resets

Functional modules

Debugging

Power supply

Boundary scan

Symbols

Numeric notation

Numeric prefixes

Register contents

The chapter “Clock Controller” describes the generation and operation of all
clocks, provide to the entire microcontroller.

The sources that can generate reset signals to all or dedicated internal
modules and how to control them is described in the chapter “Reset
Controller”.

The description of most functional modules, like timers, serial interfaces, etc. is
provided in separate chapters.

The main features on the On-Chip Debug Unit of the microcontroller is
described in the chapter “On-chip Debug Unit (OCD)”.

Note that the description of the external debugger tool is not subject to this
manual.

The chapter “Power Supply Scheme” provides information which modules of
the microcontrollers are supplied by which external power supply pins.

Note that the specification of the external power supply is not subject to this
manual. Refer to the Data Sheet for detailed definitions of the power supply.

If the target microcontroller supports boundary scan testing, refer to the
chapter “Boundary Scan” for information about available Boundary Scan
features.

Notation of humbers and symbols

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
/xxx (slash before signal name)

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

* Binary: XXXX OF XXXg
e Decimal: XXXX
* Hexadecimal: XXXXp OF OX XXXX

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

o K (kilo): 210 = 1024
* M (mega): 220 = 10242 = 1,048,576
« G (giga): 230 = 10243 =

1,073,741,824

X, X = don’t care
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Diagrams

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.

List of abbreviations and acronyms

Abbreviation Full form
ACIA Asynchronous Communication Interface Adapter
bps bits per second
CRC Cyclic Redundancy Check
DMA Direct Memory Access
DMAC Direct Memory Access Controller
GSM Global System for Mobile Communications
Hi-Z High Impedance
IEBus Inter Equipment Bus
I/0 Input / Output
IrDA Infrared Data Association
LSB Least Significant Bit
MSB Most Significant Bit
NC Non-Connect
PLL Phase Locked Loop
PWM Pulse Width Modulation
SFR Special Function Registers
SIM Subscriber Identity Module
UART Universal Asynchronous Receiver / Transmitter
VCO Voltage Controlled Oscillator

Trademarks All trademarks are the property of their respective owners.
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Register and bit descriptions

Register access description

Each register description includes information how to access the register in
following format:

Access This register can be accessed in <access units>.
Address <MODULE_base> + X

(1) Register access width
The <access units> are declared in multiple of bytes as
e 32-bit units
* 16-bit units
¢ 8-bit units

The <access unit> defines the bytes, which hold defined bits.

Since all registers can be accessed with 32-bit, 16-bit and 8-bit width, despite
of the <access unit>, a related number of upper significant bits become
undefined, as shown in the following table:

e V[n:m]: bits have defined values (refer to register the description)
* X writing has not no effect, reading returns an undefined value
e na.: not subject to the read/write access
Register Access Read/write value
<access unit> width bit[31:16] bit[15:8] | bit[7:0]
32-bit X X V[7:0]
8 bit 16-bit n.a. X V[7:0]
8-bit n.a. n.a. V[7:0]
32-bit X V[15:8] V[7:0]
16 bit 16-bit n.a. V[15:8] V[7:0]
8-bit n.a. n.a. V[7:0]
32-bit V[31:16] V[15:8] V[7:0]
32 bit 16-bit n.a. V[15:8] V[7:0]
8-bit n.a. n.a. V[7:0]

(2) Register addresses

The addresses of most registers are given as offsets (Xy) to a module’s base
address <MODULE_base> (“MODULE” stands for the module’s shortcut). The
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base address is defined in the first - product specific - section of the chapter
under the key word “Register addresses”.

The addresses of the registers are always aligned to word - i.e. 32-bit -
boundaries (at addresses xxxx XxX0p, XXXX XXX4j, XXXX XXX8p, XXxX XxXCp),

independent of the access width. Thus an 8-bit access targets always bit[7:0],
a 16-bit access always bit[15:0].

(3) Exceptions: CPU Subsystem registers

The registers of modules of the CPU Subsystem (e.g. Interrupt Controller,
DMA Controller) provide also registers with 1-bit access units with H/W
protected read-modify-write accesses:

The register of these modules allow also access on byte and half-word (16-bit)
aligned addresses (addresses xxxx Xxx0p to Xxxx XxxF).

Bit access description

Named and A register may hold named and unnamed bits.
unnamed bits Named bits are declared with a bit name. In general these bits are referenced
with the register name and bit name in the following format:

RegisterName.BitName

Unnamed bits don’t have a name and are shown in the bit image of a register
with

e 0, if their value is fixed to O
¢ 1, if their value is fixed to 1

¢ X, if their value is undefined

The access options to register bits are defined by following access attributes:
* read/write: R/'W

¢ read-only: R

e write-only: W

The effect of any register bit read/write access is determined by the register bit
attribute and is summarizes in the following table:

Bit attribute Write access Read access
R/W defines the bit value returns the bit value
R has no effect returns the bit value
w defines the bit value returns undefined or fixed bit value?®

) The return value is defined in the register description.
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Initial values

Initial Value

Caution

Unnamed bits are shown in the register bit image with their initial (default)
values.

In most cases these bits are declared as “R”, thus its initial value is read back
and writing has no effect.

If the default value of an unnamed bit
* must not be changed or
* must be changed

in order to guarantee proper operation of the module, the bit is declared as “R/
W” and special instructions are given how to handle that bit.

Following an example of an 8-bit register:

804
7 6 5 4 3 2 1 0

[ 1+ | o | o | o | o [BitName2[BitName1|BitNameo|
R R/W R R RIW W R R/IW

3)  The default value “0” of bit 6 must be changed to “1” before the module is used.
b) " The default value “0” of bit 3 must not be changed.

1. The default value “0” of bit 6 must be changed to “1” before the module is
used.

2. The default value “0” of bit 3 must not be changed.

Table 1-1 <RegisterName> register contents

Bit position Bit name Function
Caution:
6 Bit 7 The default value “0” of bit 6 must be changed to “1” before the module
is used.

Explanation of BitName2 function, when writing “0” or “1”

2 BitName2 Information what is read back (“0” or “1” or “undefined”)
1 BitName1 Explanation of BitName1 read value (writing to BitName1 has no effect)
0 BitNameO Explanation of BitNameO function, when writing “0” or “1”

Further information

For further information see http://www.renesas.com.
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Chapter 1 Introduction

V850E/Dx3 series The V850E/Dx3 is a product series in Renesas Electronics V850 family of
single-chip microcontrollers designed for automotive applications. Beside the
V850E/Dx3 - DG3 the poduct series comprises the V850E/DJ3 and V850E/
DL3 devices. For further information about V850E/DJ3 and V850E/DLS refer to
the user's manual
“V850E/Dx3 - DJ3/DL3”
Document number RO1TUHO0129ED

1.1 General

The V850E/Dx3 - DG3 single-chip microcontroller devices make the
performance gains attainable with 32-bit RISC-based controllers available for
embedded control applications. The integrated V850 CPU offers easy pipeline
handling and programming, resulting in compact code size comparable to
16-bit CISC CPUs.

The V850E/Dx3 - DG3 provide an excellent combination of general purpose
peripheral functions, like serial communication interfaces (UARTs, Clocked
Serial Interfaces), timers, and measurement inputs (A/D Converter), with
dedicated CAN network support.

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

Thus equipped, the V850E/Dx3 - DG3 product line is ideally suited for
automotive applications, like dashboard or body. It is also an excellent choice
for other applications where a combination of sophisticated peripheral
functions and CAN network support is required.

(1) V850E CPU

The V850E CPU core is a 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 enables this CPU to support 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, this device is well suited for high level real-time
control applications.

(2) On-chip flash memory

The V850E/Dx3 - DG3 microcontrollers have on-chip flash memory. It is
possible to program the controllers directly in the target environment where
they are mounted.
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With this feature, system development time can be reduced and system
maintainability after shipping can be markedly improved.

(3) A full range of software development tools

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

1.2 Features Summary

The following table provides a quick summary of the most outstanding
features.

Table 1-1 V850E/Dx3 - DG3 features summary (1/3)

CPU
Core V850E1
Number of instructions 81
Minimum instruction execution time 41.667 ns (@ ¢ = 24 MHz)
General registers 32 registers (32 bits each)

Instruction set

V850E (compatible with V850 plus additional 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): 1 to 2 clocks

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

Bit manipulation instructions

Load/store instructions with long/short format

Signed load instructions

Internal flash memory

Size 256 KB (UPD70F3417)
128 KB (UPD70F3416)

Flash protection external programmer security function

Secure self programming

Internal data RAM

Size o 12 KB (WPD70F3417)
6 KB (UPD70F3416)
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Table 1-1 V850E/Dx3 - DG3 features summary (2/3)

Clock Generator

Internal spread-spectrum PLL

24 MHz £ 5 %

Internal PLL (peripheral clock supply) 8-fold PLL
CPU frequency range up to 24 MHz
Peripheral frequency range up to 16 MHz
Main crystal frequency range (main oscillator) | 4 MHz

Sub oscillator

32 KHz (typ.)

Ring oscillator

240 KHz (typ.)

Clock supervision

2 channels:
e main oscillator monitor
e sub oscillator monitor

Auxiliary frequency output

Built-in power saving modes

HALT / IDLE / WATCH / Sub-WATCH / STOP

1/0 ports

Input/output ports 72
Input ports 8

A/D Converter
Number of channels 8
Resolution 10-bit

Conversion modes

¢ Continuous select mode
¢ Continuous scan mode
e Timer trigger mode

e Software trigger mode

Analog input channels shared with digital input port functionality

Serial interfaces

Synchroneous: CSI (CSIB)

2 channels

Asynchroneous: UART (UARTA)

2 channels with LIN support

12C (lIC) 1 channel
CAN (CAN) 1 channel with 32 message buffer
Timers
16-bit multi purpose timer/event counter (TMP) | 1 channel
16-bit multi purpose timer/counter (TMG) 2 channel
16-bit multi purpose timer/counter (TMZ) 6 channels
Watch Timer (WT) 1 channel
Watch Calibration Timer (WCT) 1 channel
Watchdog Timer (WDT) 1 channel
LCD Controller/Driver
Segment signal output max. 40
Common signal output max. 4

Modes

1/4 duty, 1/3 bias
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Table 1-1 V850E/Dx3 - DG3 features summary (3/3)

Stepper Motor Controller/Driver

Number of channels 4

Resolution 8-bit and 8-bit + 1

Sound Generator

Number of channels 1
Volume 9-bit volume level accuracy
Sound frequency 100 Hz to 6 KHz with min. resolution of + 20 Hz
Sound duration 256 steps
Interrupts and exceptions
Non-maskable interrupts 2 sources
Maskable interrupts 51
Software exceptions 32 sources
Exception trap 2 sources
ROM Correction
Number of channels ‘ 8 channels by “Data Replacement”

Power supply supervision

Power-On-Clear ‘ Generates reset at power-up and in case of power loss

Single supply operating voltage

Range ‘ 3.5V t0 5.5V (refer to Data Sheet)
Temperature range

Range ‘ T, = —40 to +85°C (@ ¢ = 24 MHz)
Package

Package 100-pin LQFP

Package size 14 mm x 14 mm

Pin pitch 0.5 mm
CMOS technology

Note The CAN controller of this device fulfils the requirements according ISO 11898.
Additionally, the CAN controller was tested according to the test procedures
required by ISO 16845. The CAN controller has successfully passed all test
patterns. Beyond these test patterns, other tests like robustness tests and
processor interface tests as recommended by C&S/FH Wolfenbuettel have
been performed with success.
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1.3

Table 1-2

Product Series Overview

Table 1-2 shows the common and different features of the microcontrollers.

An overview of the feature differences gives Table 1-3.

V850E/Dx3 - DG3 product series overview

Part number uPD70F3417 uPD70F3416
Internal memory Flash 256 KB 128 KB
RAM 12 KB 6 KB
Operating clock Main oscillator with SSCG? 24 MHz typ., 25.2 MHz max.p
Ring oscillator 240 KHz typ.
Sub oscillator 32 KHz typ.
1/0O ports Input/Output 72
Input 8
A/D converter 8 channels
Timers T™™Z 6 channels
T™MP 1 channels
T™MG 2 channels
WDT 1 channel
Watch provided
Watch calibration provided
Serial interfaces CAN 1 channel
UARTA 2 channels
CSiB 2 channels
12C 1 channel
Interrupts External 4 channels
Internal 51 channels
NMI 2 channels
Other functions ROM Correction 6 channels
Power-On-Clear provided
Clock supervision 2 channels
Sound Generator 1 channel
R
LCD-Controller/Driver 40 x 4
Auxiliary frequency output provided
Operating voltage 35Vt05.5VP

Package

100-pin LQFP, 0.5 mm pin pitch

a8)  SSCG: spread spectrum Clock Generator
b) Refer to the Data Sheetcurrent data sheet (U19509EE)
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1.4 Description

Figure 1-1 provides a functional block diagram of the V850E/DG3.

[

NM| ——{
Interrupt
Controller
INTPO to INTP3 ——|
Serial Interfaces
RXDAO, RXDA1 ——=|
2 x UARTA
TXDAO, TXDA1 ~«—— BRG
SIBO, SIB1 ——
SOBO, SOB1 —— 2 x CSIB
SCKBO, SCKB1 ~—— BRG
CRXDO CAN
CTXDO
SDAO C
SCLO
Control Interfaces
ANIO-ANI7 ———|
10-bit ADC
8
channels
Aoy —
SM31 to SM34 ~——
SM41 to SM44 «~—— Stepper
Motor
SM51 to SM54 ~—— C/D
SM61 to SM64 ~——
SGO/SGOF
SGOA SGO

SEGO to SEG39
COMO to COM3 LCD C/D

Timers

TIGO1 to TIG04 ———
TIG11 to TIG14 —

TOGO1 to TOG04 «——
TOG11 to TOG14 ~—

16-bit Timer
TMGO - TMG1

TIPOO, TIPO1——

TOP0O, TOPO1=+—

16-bit Timer
TMPO

Figure 1-1

Power and Reset

V850E/DG3 block diagram

[~ Reset POC Power supply
CPU ROM Note 1 Memory
Correction Flash
CPU Core Note 2
~— RAM
System Controller
Standby Controller Bus
Control
Unit
Bus
Bridge
NPB (NEC Peripheral Bus) t
| Ports |
OMNIDNINDN = NN ONNNNN
OrANMTOONDONDONM
[T o Wy'a MY o My WY My WY o Y o Yo WY S ol ol o
222222222292¢%%
QWO OMOOOO WO <+
Or AMOTOHVONDODT OO
[T o Wa M o My WY My WY o S o WY WY o WO = Y VN
aaa
Clock Generator
Ring oscillator
+—XT1
Sub oscillator |,
16-bit Timer
TMZ0 - TMZ5
. . X1
Main oscillator L %o
16-bit Timer t
WCT
c pheicl Clock Generator
and
| Watch Spread Spectrum < RESET
Correction Clock Generator
16-bit Timer |  Timer : L [ Foun
WT
Main and
Watchdog sub oscillator
Timer supervision

Table 1-3 summarizes the different features of the of the V850E/DG3
pPD70F3417 and yPD70F3416 microcontrollers, marked as “Notes” in
Figure 1-1.

RO1UH0027ED0420 Rev. 4.20

User Manual

RENESAS

26
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Table 1-3 Feature set differences
Note Feature HPD70F3417 HPD70F3416
1 Flash 256 KB 128 KB
2 RAM 12 KB 6 KB

Structure of the

Structure of the

diagram

manual

In the diagram, the building blocks are grouped according to their function.

At the top of the diagram, you find the functions for controlling power supply
and reset.

The upper right-hand section shows the building blocks of the CPU system and
the memory interface components. The I/O ports are summarized below that
section.

The left-hand section of the block diagram identifies the interfaces to
peripherals and also the built-in timers. All these components are connected to
and can be controlled via the internal bus.

The Clock Generator, depicted in the lower right-hand section, plays a central
role. It generates and monitors not only the clocks for the CPU and the
peripheral interfaces, but also governs the power save modes that can be
entered when the device is not in use.

This manual explains how to use the V850E/Dx3 - DG3 microcontroller
devices. It provides comprehensive information about the building blocks, their
features, and how to set registers in order to enable or disable specific
functions.

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

¢ Core functions

“Pin Functions® on page 29

“CPU System Functions” on page 73
“Clock Generator” on page 100

“Interrupt Controller (INTC)“ on page 180

¢ Memory access

“Flash Memory* on page 164
“Bus Control Unit (BCU)" on page 217
“ROM Correction Function (ROMC)“ on page 226
“Code Protection and Security” on page 243
e Timers
“16-bit Timer/Event Counter P (TMP)“ on page 246
“16-bit Interval Timer Z (TMZ)" on page 328
“16-bit Multi-Purpose Timer G (TMG)“ on page 338

“Watch Timer (WT)" on page 376
“Watchdog Timer (WDT)” on page 395

¢ Serial interfaces

“Asynchronous Serial Interface (UARTA)" on page 404
“Clocked Serial Interface (CSIB)“ on page 437
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Introduction

1.5

Table 1-4

1.6

Table 1-5

“C Bus (IIC)“ on page 472
“CAN Controller (CAN)“ on page 546

¢ Control interfaces

“A/D Converter (ADC)" on page 685

“Stepper Motor Controller/Driver (Stepper-C/D)“ on page 710

“LCD Controller/Driver (LCD-C/D)” on page 723
“Sound Generator (SG)“ on page 736

¢ Power and reset

“Power Supply Scheme* on page 754
‘Reset“ on page 757

Related Documents

Related documents

Document number

Title

U14559EJ3V1UMO0

V850E1 32-Bit Microprocessor Core Architecture

R0O1DS0109EDxxxx

V850E/DG3 Data Sheet

Ordering Information

V850E/DG3 ordering information

Order code Pin/package | Memory size | Remarks
UPD70F3416GC(A)-UEU-QS-AX | 100 pin LQFP | 128 KB flash | -
UPD70F3417GC(A)-UEU-QS-AX | 100 pin LQFP | 256 KB flash | -
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Chapter 2 Pin Functions

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

2.1 Overview

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

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

For a description of the terms pin, port or port group, see “Terms*”on page 32.

Features summary o

Number of ports and port groups:

— Port groups: 13

— 1/O ports: 72
— Input ports: 8
5V 1/O:

Can be used as 3V I/0O with degraded electrical parameters. Please refer to
the Data Sheet.

24 high-drive ports for direct stepper motor drive.
Configuration possible for individual pins.

The following features can be selected for most of the pins:

One out of two input thresholds

One out of two input characteristics (Schmitt and non-Schmitt)
Output current limit

— Open drain emulation

The following registers are offered for most of the ports:
— Direct regqister for reading the pin values

— Port register with selectable read source (for improved bit set / bit clear
capabilities)
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2.1.1

Figure 2-1

Description

This microcontroller has the port groups shown below.

Port group 0 \
Port group 1 {
Port group 2 {
Port group 3 \ ‘
Port group 4 \
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Port group 5
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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

Table 2-1

Pin configuration To define the function and the electrical characteristics of a pin, several control

can operate in 8-bit or 1-bit units.

Functions of each port group

Port Function
group
name Port mode Alternative mode
0 4-bit input/output External interrupt O to 3
Non maskable interrupt
1 2-bit input/output I°C0 data/clock line
o 8-bit input/output Timer TMGO to TMG1 channels
LCD controller segment signal output
8-bit input/output Timer TMPO channels
3 UARTAO transmit/receive data,
UARTA1 transmit/receive data
LCD controller segment signal output
5-bit input/output Clocked Serial Interface CSIB1 data/clock line
4 LCD controller segment signal output
CANO transmit/receive data
5 2-bit input/output Sound Generator outputs
Frequency output
8-bit input/output Timer TMPO channels
6 LCD controller segment signal output
I°C0 data/clock line
7 8-bit input A/D Converter input
7-bit input/output LCD controller segment signal output
8 Frequency output
Inverted frequency output
UARTAO transmit/receive data
8-bit input/output Clocked Serial Interface CSIB1 data/clock line
9 LCD controller segment signal output
LCD controller common signal output
10 4-bit input/output LCD controller segment signal output
Clocked Serial Interface CSIBO data/clock line
12 8-bit input/output Stepper Motor Controller/Driver outputs
13 8-bit input/output Stepper Motor Controller/Driver outputs
Timer TMGO to TMG1 channels

registers are provided.

* For a general description of the registers, see “Port Group Configuration
Registers® on page 33.

¢ For every port, detailed information on the configuration registers is given in

“Port Group Configuration” on page 46.

There are three types of control circuits, defined as port types. For a
description of the port types, see “Port Types Diagrams* on page 44.
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Chapter 2 Pin Functions
2.1.2 Terms

In this section, the following terms are used:

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

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

e Port mode / Port
A pin in port mode works as a general purpose input/output pin. It is then
called “port”.
The corresponding name is Pnm. For example, PO7 denotes port 7 of port
group 0. It is referenced as “port P07”.

¢ 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 P00 and INTPO denote the same physical pin. The
different names indicate the function in which the pin is being operated.

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

2.1.3 Noise elimination

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

glitches. The microcontroller supports both analog and digital filters. The

analog filters are always applied to the input signals, whereas the digital filters

can be enabled/disabled by control registers.

See “Noise Elimination” on page 66 for a detailed description.
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2.2 Port Group Configuration Registers

This section starts with an overview of all configuration registers and then
presents all registers in detail. The configuration registers are classified in the

following groups:

* “Pin function configuration“on page 34

* “Pin data input/output” on page 37

» “Configuration of electrical characteristics” on page 39

o “Alternative input selection” on page 42

2.2.1 Overview

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

registers are used:

Table 2-2 Registers for port group configuration

Register name Shortcut Function

Port mode register PMn Pin function configuration
Port mode control register PMCn

Port function control register PFCn

Port LCD control register PLCDCn

Port register Pn Pin data input/output
Port read control register PRCn

Port pin read register PPRn

Port drive strength control register PDSCn Configuration of electrical
Port input characteristic control register PICCn characteristics

Port input level control register PILCn

Port open drain control register PODCn

Peripheral function select register

PFSRO to PFSR3

Alternative input selection
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Chapter 2 Pin Functions

2.2.2 Pin function configuration

The registers for pin function configuration define the general function of a pin:
¢ input mode or output mode

e port mode or alternative mode

¢ selection of one of the alternative output functions ALT1-OUT/ALT2-OUT

* pin usage for LCD Controller/Driver output LCD_OUT

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

Table 2-3 Pin function configuration (overview)

Registers
Function /0
PLCDC PMC PFC PM

Port mode (output) 0 X 0 (0]
Port mode (input) X 1 I
Alternative output 1 mode 0 0 0 (0]
Alternative output 2 mode 1 1 0 (0]
Alternative input mode X 1 I
LCD signal output _ 1 X X X o
(segment or common signal)

(1) 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.

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 Group Configuration” on page 46
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 |
RIW R/W RIW R/W R/W RIW RIW RIW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘PMn15‘PMn14‘PMn13‘PMn12‘PMn11 ‘PMn10| PMn9 \ PMn8 \ PMn7 | PMn6 \ PMn5 \ PMnd \ PMn3 | PMn2 \ PMn1 \ PMn0 |
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 2-4 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)
15100 PMn[15:0] | 1: Input mode (output disabled)
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(2) 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 Group Configuration” on page 46
Initial Value 00y or 0000y. This register is initialized by any reset.
7 6 5 4 3 2 1 0

| PMCn7 \ PMCn6 \ PMCn5 \ PMCnd \ PMCn3 \ PMCn2 \ PMChn1 | PMCnO |
R/IW R/W RIW R/W RIW RIW RIW RIW

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

Table 2-5 PMCn register contents

Bit position | Bit name | Function

7t00 PMCn[7:0] | Specifies the operation mode of the corresponding pin
or or 0: Port mode
15100 PMC[15:0] | 1: Alternative mode

(3) PFCn - Port function control register

If a pin is in alternative mode and serves as an output pin (PMn.PMnm = 0)
some pins offer two output functions ALT1-OUT and ALT2-OUT.

The 8-bit PFCn register specifies which output function of a pin is to be used.
Access This register can be read/written in 8-bit and 1-bit units.
Address see “Port Group Configuration” on page 46
Initial Value PFCO: 20y
other PFCn: 004
This register is initialized by any reset.

7 6 5 4 3 2 1 0
| PFCn7 \ PFCn6 \ PFCn5 \ PFCn4 \ PFCn3 \ PFCn2 \ PFCn1 | PFCnO |
R/W R/W R/W R/W R/W R/W R/W R/W

Table 2-6 PFCn register contents

Bit position | Bit name | Function

Specifies the output function of the pin
0: Alternative output mode 1 (ALT1-OUT)
7t00 PFCn[7:0] | 1: Alternative output mode 2 (ALT2-OUT)
See “Port Group Configuration“on page 46 for a list of
the possible output modes.
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(4) PLCDCn - Port LCD control register
Some port groups comprise pins for signal output of the LCD Controller Driver.
For those port groups, the 8-bit PLCDCn register specifies whether an
individual pin of port group n serves as an output pin of the LCD Controller/
Driver or not.
Access This register can be read/written in 8-bit and 1-bit units.
Address see “Port Group Configuration on page 46
Initial Value 00y. This register is initialized by any reset.
7 6 5 4 3 2 1 0
| PLCDCn7 | PLCDCn6 | PLCDCN5 | PLCDCn4 | PLCDCn3 | PLCDCn2 | PLCDCA1 | PLCDCNO |
R/W R/W R/W R/W R/W R/W R/W R/W
Table 2-7 PLCDCn register contents
Bit position | Bit name Function
Enables LCD function of the pin:
0: Pin is not allocated to the LCD Controller/Driver.
. Pin function is specified in PMn, PMCn and PFCn
7100 PLCDCn[7:0] 1: Pin serves as an output pin of the LCD Controller/
Driver. Data is output directly from buffers of the
LCD Controller/Driver. Bit Pn.Pnm is neglected.
Note If PLCDCn.PLCDCnm = 1, the settings of the bits m in registers PMn, PMCn,
and PFCn are neglected.
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2.2.3

1)

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

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 Group Configuration®on page 46

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

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 Pn1 Pn0

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

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 | Pn1 | Pno |

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

Table 2-8 Pn register contents
Bit position | Bit name Function
7t00 Pn[7:0] Data, see Table 2-9 for details.
or or
15t00 Pn[15:0]
Note The value written to register Pn is retained until a new value is written to
register Pn.
Data is written to or read from the Pn register as follows:
Table 2-9 Writing/reading register Pn
Function PRC PM 1/0
Write to Pn
and output contents of Pn to pins X 0 o
Write to Pn X 1 |
without affecting the pin status
Read from Pn 0 1 |
and thus read the pin status
Read from Pn X 0 0]
and disregard the pin status 1 1 |
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(2) PRCn - Port read control register
In input mode (PMn.PMnm = 1), the 8-bit PRCn register specifies whether the
pin status or the contents of register Pn are read (see also Table 2-9). Each
PRCn register contains only one control bit which defines the read source of all
ports of the entire port group n.
Access This register can be read/written in 8-bit and 1-bit units.
Address see “Port Group Configuration” on page 46
Initial Value 00y. This register is cleared by any reset.
7 6 5 4 3 2 1 0
X X X X X PRCnO
R/W RW R/W RW R/W R/W RW R/W
Table 2-10 PRCn register contents
Bit position | Bit name Function
Specifies which data are to be read in port group n:
0 PRCnO 0: Pin status is read
1: Contents of Pn are read
Note If PMn.PMnm = 0, the contents of Pn are read in any case—independent of
PRCn.PRCnm.
(3) PPRn - Port pin read register
The PPRn register reflects the actual pin value, independent of the control
registers set-up.
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 is read-only, in 8-bit and 1-bit units.
16-bit registers can also be read in 16-bit units.
Address see “Port Group Configuration” on page 46
Initial Value 00y or 0000y. This register is cleared by any reset.

15 14 13 12

7 6 5 4 3 2 1 0
| PPRn7 | PPRn6 | PPRn5 | PPRn4 | PPRn3 | PPRn2 | PPRn1 | PPRnO |
R R R R R R R R

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

|PPRn15|PPHn14|PPRn13|PPRn12|PPRn11|PPRn10|PPRn9 | PPRnBlPPRn7 | PPRn6 | PPRn5|PPRn4|PPRn3 | PPRN2 | PPRn1 |PPRn0|

R R R R

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

Table 2-11 PPRn register contents
Bit position | Bit name Function
7t00 PPRnN[7:0] Actual pin value
or or
15t00 PPRnN[15:0]
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2.2.4 Configuration of electrical characteristics
The registers for the configuration of electrical characteristics are briefly
described in the following. For details refer to the Data Sheet.
(1) PDSCn - Port drive strength control register
The 8-bit PDSCn register selects the output current limiting function for high- or
low-drive strength.
Access This register can be read/written, in 8-bit and 1-bit units.
Address see “Port Group Configuration” on page 46
Initial Value 00y. This register is cleared by any reset.
7 6 5 4 3 2 1 0
PDSCn7 | PDSCn6 | PDSCn5 | PDSCn4 | PDSCn3 | PDSCn2 | PDSCn1 | PDSCnO
R/W R/W R/W R/W R/W R/W R/W R/W
Table 2-12 PDSCn register contents
Bit position | Bit name Function
Specifies output current limiting function:
7t00 PDSCn[7:0] | 0: Limit 1.
1: Limit 2.
For the detailed specification of "Limit 1" and "Limit 2" refer to the Data Sheet.
(2) PICCn - Port input characteristic control register
The 8-bit PICCn register selects between Schmitt Trigger or non-Schmitt
Trigger input characteristics.
Access This register can be read/written in 8-bit and 1-bit units.
Address see “Port Group Configuration”on page 46
Initial Value FFy. This register is cleared by any reset.
7 6 5 4 3 2 1 0
PICCn7 | PICCn6 | PICCn5 | PICCn4 | PICCn3 | PICCn2 | PICCn1 | PICCnO
R/W R/W R/W R/W R/W R/W R/W R/W
Table 2-13 PICCn register contents
Bit position | Bit name Function
Specifies Trigger input characteristics:
7t00 PICCn[7:0] 0: non-Schmitt Trigger
1: Schmitt Trigger
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(3) PILCn - Port input level control register
The 8-bit PILCn register selects between different input characteristics for
Schmitt Trigger (PICCn.PICCnm = 1) and non-Schmitt Trigger
(PICCn.PICCnm = 0).
Access This register can be read/written in 8-bit and 1-bit units.
Address see “Port Group Configuration” on page 46
Initial Value 00y
This register is initialized by any reset.
7 6 5 4 3 2 1
PILCn7 | PILCn6 | PILCn5 | PILCn4 | PILCn3 | PILCn2 | PILCn1 | PILCnO
R/W R/W R/W R/W R/W R/W R/W
Table 2-14 PILCn register contents
Bit position | Bit name Function
Selects the input level:
for Schmitt Trigger (PICCn.PICCnm = 1):
0: Schmitt 1
7100 PILCn[7:0] 1: Schmitt 2
for non-Schmitt Trigger (PICCn.PICCnm = 0):
0: CMOS1
1: CMOS2
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(4) PODCnh - Port open drain control register
The PODCn register selects the output buffer function as push-pull or open-
drain emulation.
Access This register can be read/written in 8-bit and 1-bit units.
Address see “Port Group Configuration® on page 46
Initial Value 00y. This register is cleared by any reset.
7 6 5 4 3 2 1 0
PODCn7 | PODCn6 | PODCn5 | PODCn4 | PODCn3 | PODCn2 | PODCn1 | PODCnO
R/W R/W R/W R/W R/W R/W R/W R/W
Table 2-15 PODCNn register contents
Bit position | Bit name Function
Specifies the output buffer function:
7100 PODCNn[7:0] 0: push-pull
1: open drain emulation output mode
If open drain emulation is enabled the output function of the concerned pin is
automatically enabled as well, independently of the PMn.PMnm setting.
Caution Depending on the capacitive load applied to an output pin Pnm (PMnm = 0) in
open-drain emulation (PODCnm = 1) a change from low to high level may take
a remarkable rise time.
Hence a read of the port pin status
¢ via the PPRn register or
¢ Pn register with PRCn = 0 (pin status read)
immediately after setting Pnm to high level may still return low level at Pnm.
Particular attention is needed when a read-modify-write instruction (SET1,
CLR1, NOT1) is executed after setting Pnm = 1 (with PRCn0 = 0) to
manipulate another port pin of the same port group n during the rise time of the
Pnm output.
In this case the read of Pnm may show 0 (though it should be 1) and the 0 is
written back to Pnm at the end of the read-modify-write instruction.
Consequently Pnm may never reach high level at the output pin.
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2.2.5

Note

M

Access
Address

Initial Value

Table 2-16

Alternative input selection

Alternative input functions of CSIB1, UARTAO, I2C0, and TMGO are provided
on two pins each. Thus you can select on which pin the alternative function
should appear. For this purpose, four peripheral function select registers
PFSRk (k =0, 2, 3) are provided.

The selection of the alternative input function is done by a different circuit than
the selection of the alternative output function. Therefore, the registers for
selecting the alternative input functions (PFSR) are not reflected in the block
diagrams of the port types in chapter “Port Types Diagrams* on page 44.

PFSRO - Peripheral function select register

The 8-bit PFSRO register selects the alternative input paths for the peripheral
functions CSIB1 and I2CO.

This register can be read/written in 8-bit units.
FFFF F720y

01y. This register is initialized by any reset.

5 4 3 2 1

0 0 0 PFSR04 0 0 PFSRO1 0

R R R R/W R4 R/W R/W R

a) zzThis bit may be written, but write is ignored.

PFSRO register contents

Bit position | Bit name Function

Specifies the alternative input path for 12C0:
0: SCLO is input from P17 (SCLO_0)
SDAO is input from P16 (SDAO_O)
1: SCLO is input from P64 (SCLO_1)
SDAO is input from P65 (SDAQ_1)

Specifies the alternative input path for CSIB1:
0: SCKBH1 is input from P45 (SCKB1_0)
SIB1 is input from P43 (SIB1_0)
1: SCKBH1 is input from P92 (SCKB1_1)
SIB1 is input from P90 (SIB1_1)

4 PFSR04

1 PFSRO1
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(2) PFSR2 - Peripheral function select register
The 8-bit PFSR2 register selects the alternative input paths for the peripheral
functions TMGO.
Access This register can be read/written in 8-bit units.
Address FFFF F724y
Initial Value 01y. This register is initialized by any reset.
4 3 2 1 0
0 0 0 PFSR23 | PFSR22 | PFSR21 | PFSR20
R2 R2 R2 R2 R/W R/W R/W R/W
)  This bit may be written, but write is ignored.
Table 2-17 PFSR2 register contents
Bit position | Bit name Function
Specifies the alternative input path for timer channel 4
of TMGO:
3 PFSR23 0: TIGO04 is input from P23 (TIG04_0)
1: TIGO4 is input from P133 (TIG04_1)
Specifies the alternative input path for timer channel 3
of TMGO:
2 PFSR22 0: TIGOS is input from P22 (TIG03_0)
1: TIGO3 is input from P132 (TIG03_1)
Specifies the alternative input path for timer channel 2
of TMGO:
1 PFSR21 0: TIGO2 is input from P21 (TIG02_0)
1: TIGO2 is input from P131 (TIG02_1)
Specifies the alternative input path for timer channel 1
of TMGO:
0 PFSR20 0: TIGO1 is input from P20 (TIG0O1_0)
1: TIGO1 is input from P130 (TIGO1_1)
(3) PFSR3 - Peripheral function select register
The 8-bit PFSRS register selects the alternative input paths for the peripheral
functions TMG2, UARTAO and UARTAA1.
Access This register can be read/written in 8-bit units.
Address FFFF F726y
Initial Value 01y. This register is initialized by any reset.
5 4 3 2 1 0
0 0 PFSR34
R2 R2 R/W R/W R/W R2 R2 R2
8)  These bits may be written, but write is ignored.
Table 2-18 PFSR3 register contents
Bit position | Bit name Function
Specifies the alternative input path for UARTAO:
4 PFSR34 0: RXDAO is input from P31 (RXDAO_0)
1: RXDAQO is input from P87 (RXDAOQ_1)
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2.3

M

Port Types Diagrams

The control circuits that evaluate the settings of the configuration registers are
of different types. This chapter presents the block diagrams of all port types.

Port type M

Note 1

PDSCnm

PICCnm

PILCnm

Note 2

PMCnm

PMnm

[

PODCnm

Note 3

PFCnm

]
Pnm

ALT1-OUT —

ALT2-OUT —

A

ENABLE

7

Pnm
O

ENABLI

RD

PRCnO

d

0
1

S
— )

PPR 7\1

RD

ALT-IN ~——

Note 4

PLCDCnm

Note 5

Analog Filter

internal
RESET

Figure 2-2 Block diagram: port type M

Note

LCDBUFEN

The PDSC register is not provided for port groups 12 and 13.

The PMC register is not provided for port group 0.

The PLCDC register is not provided for port groups 0, 1, 4, 5, 12 and 13.

1.
2
3. The PFC register is not provided for port groups 0, 1, 3, 4, 6, 10 and 12.
4
5

The analog filter is provided only for the external interrupt port group 0.

RO1UH0027ED0420 Rev. 4.20

User Man

ual

RENESAS

44



Pin Functions

Chapter 2
(2) Porttype B
This port type holds for pins that only work in input mode. Pins of port type B
are used for the corresponding alternative input function A/D converter input.
At the same time, the pin status can also be read via the port register Pn, so
that the pin also works in port function.
(Nt
-—| PILCnm
-—| PMCnm
A, select
l Pnm
ADC input O
FA @/j e
~ PRD
Figure 2-3 Block diagram: port type B
A/D conversion of the level at Pnm is independent of any register settings. For
reading the pin status via the Pn register PMCnm has to be set to 0.
Since the accuracy of an A/D conversion may degrade when Pn is read during
the sampling time of the A/D converter, it is recommended to disable the port
pin read by PCMnm = 1 during A/D conversion.
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2.4 Port Group Configuration

This section provides an overview of the port groups (Table 2-19) and of the

pin functions (Table 2-20 on page 48). In Table 2-53 on page 70 it is listed how

the pin functions change if the microcontroller is reset or if it is in one of the

standby modes.

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.

2.4.1 Port group configuration lists

Table 2-19 provides an overview of the functions available at each port pin.

Table 2-19 Port group list (1/3)

Port grou Aliernative outputs Alternative Port

namf P | portname |ALT1 OUT/ALT2 OUT/ o s

LCD_OuT P ypP

) _ INTPO/NMI M

. PO1 _ INTP1 M

P02 _ INTP2 M

P03 - INTP3 M

1 P16 SDAO SDAO M

P17 SCLO SCLO M

P20 TOGO1/SEGO TIGO1 M

P21 TOG02/SEG1 TIG02 M

P22 TOGO03/SEG2 TIGO3 M

, P23 TOGO04/SEG3 TIGO4 M

P24 TOG11/SEG4 TIG11 M

P25 TOG12/SEG5 TIG12 M

P26 TOG13/SEG6 TIG13 M

P27 TOG14/SEG7 TIG14 M

P30 TXDAO _ M

P31 - RXDAO M

P32 TXDA1/SEG31 _ M

; P33 SEG29 RXDA1 M

P34 TOPO1/SEGS8 - M

P35 SEG9 _ M

P36 SEG10 _ M

P37 SEG11 - M

P43 SEG22 SIB1 M

P44 SOB1/SEG21 _ M

4 P45 SCKB1/SEG20 SCKB1 M

P46 _ CRXDO M

P47 CTXDO _ M
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Table 2-19 Port group list (2/3)

HEEICL Port name ::?:ni')t:.‘ll'?lzt'trguﬁUT/ _Alternative Al
name LCD _OUT - inputs type
P50 FOUT/SGOA - M

° P51 SGO - M
P60 TOPOO/SEG12 TIPOO M

P61 TOPO1/SEG13 TIPO1 M

P62 SEG14 - M

P63 SEG15 - M

® P64 SCLO/SEG16 SCLO M
P65 SDAO/SEG17 SDAO M

P66 SEG18 - M

P67 SEG19 - M

P70 - ANIO B

P71 - ANN B

P72 - ANI2 B

. P73 - ANI3 B
P74 - ANI4 B

P75 - ANI5 B

P76 - ANI6 B

P77 - ANI7 B

P80 SEG26 - M

P81 SEG25 - M

P82 SEG24 - M

8 P83 FOUT/SEG23 - M
P85 FOUT/SEG27 - M

P86 TXDAO/SEG30 - M

P87 SEG28 RXDAO M

P90 - SIB1/SEG36 M

Po1 SOB1/SEG37 - M

P92 SCKB1/SEG38 SCKBH1 M

9 P93 SEG39 - M
P94 COMO - M

P95 COM1 - M

P96 COom2 - M

P97 COM3 - M

P104 SEG35 - M

10 P105 SEG34 SIBO M
P106 SOBO0/SEG33 - M

P107 SCKBO/SEG32 SCKBO M
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Table 2-19 Port group list (3/3)

Alternative outputs

:::é’m”p Port name | ALT1_OUT/ALT2_OUT/ ﬁ';i’t';a“"e R‘::
LCD_OuUT

P120 SM51 - M

P121 SM52 - M

P122 SM53 - M

P123 SM54 - M

12 P124 SM61 - M
P125 SM62 - M

P126 SM63 - M

P127 SM64 - M

Note: Port group 12 is equipped with high drive buffers for stepper motor control.
P130 SM31/TOGO1 TIGO1 M

P131 SM32/TOG02 TIGO2 M

P132 SM33/TOG03 TIGO3 M

P133 SM34/TOG04 TIGO4 M

19 P134 SM41/TOG11 TIG11 M
P135 SM42/TOG12 TIG12 M

P136 SM43/TOG13 TIG13 M

P137 SM44/TOG14 TIG14 M

Note:

Port group 13 is equipped with high drive buffers for stepper motor control.

2.4.2 Alphabetic pin function list

Table 2-20 provides a list of all pin function names in alphabetic order.

Table 2-20 Alphabetic pin functions list (1/5)

Pin number
Pin name I/O | Pin function Port pPD703416 | uPD70F3416
uPD703417 | pPD70F3417
ANIO A/D Converter input 0 to 7 P70 100
AN P71 99
ANI2 P72 98
ANI3 P73 97
ANI4 I P74 96
ANI5 P75 95
ANI6 P76 94
ANI7 P77 93
AVDD — | ADC supply voltage no ports 2
AVREF — | ADC reference voltage input no ports 1
AVSS — | ADC ground no ports 3
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Table 2-20 Alphabetic pin functions list (2/5)

Pin number

Pin name /0 | Pin function Port pPD703416 | uPD70F3416

puPD703417 | yPD70F3417
BVDD50 I/O buffer supply voltage no ports 41
BVDD51 - 74
BVSS50 I/O buffer supply ground no ports 42
BVSS51 - 75
COMO LCD common lines 0 to 3 P94 80
COM!1 P95 81
COomM2 ° P96 82
COMS3 P97 83
CRXDO | CANO receive data P46 30
CTXDO O | CANO transmit data P47 31
FLMDO | Primary operating mode select pin no ports 87

FLMD1 | Secondary operating mode select pin P50 - 28

FOUT Frequency output P50 28
° P85 65
FOUT O | Inverted frequency output P83 61
INTPO External interrupts 0 to 3 POO 27
INTP1 PO1 26
INTP2 I Po2 25
INTP3 P03 24
NMI | Non-maskable interrupt P00 27
REGCO — | External capacitor connection no ports 85
RESET | | Reset input no ports 90
RXDAO UARTAQO receive data P31 32
I P87 66
RXDA1 | UARTA1 receive data P33 67
SCKBO I/O | Clocked Serial Interface CSIBO clock line P107 70
SCKBH1 /o Clocked Serial Interface CSIB1 clock line P45 58
P92 78
SCLO 12CO clock line P17 35
Vo P64 54
SDAO Vo I°CO data line P16 34
P65 55
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Table 2-20 Alphabetic pin functions list (3/5)

Pin number
Pin name /0 | Pin function Port pPD703416 | uPD70F3416
pPD703417 | pPD70F3417
SEGO LCD segment lines 0 to 32 P20 36
SEG1 P21 37
SEG2 P22 38
SEG3 P23 39
SEG4 P24 40
SEG5 P25 43
SEG6 P26 44
SEG7 P27 45
SEG8 P34 46
SEG9 P35 47
SEG10 P36 48
SEG11 P37 49
SEG12 P60 50
SEG13 P61 51
SEG14 P62 52
SEG15 P63 53
SEG16 o] P64 54
SEG17 P65 55
SEG18 P66 56
SEG19 P67 57
SEG20 P45 58
SEG21 P44 59
SEG22 P43 60
SEG23 P83 61
SEG24 P82 62
SEG25 P81 63
SEG26 P80 64
SEG27 P85 65
SEG28 P87 66
SEG29 P33 67
SEG30 P86 68
SEG31 P32 69
SEG32 P107 70
SEG33 LCD segment lines 33 to 39 P106 71
SEG34 P105 72
SEG35 P104 73
SEG36 o] P90 76
SEG37 P91 77
SEG38 P92 78
SEG39 P93 79

RO1UH0027ED0420 Rev. 4.20

User Manual

RENESAS

50



Chapter 2 Pin Functions

Table 2-20 Alphabetic pin functions list (4/5)

Pin number
Pin name /0 | Pin function Port pPD703416 | uPD70F3416
uPD703417 | uPD70F3417

SGO O | Sound Generator output P51 29
SGOA O | Sound Generator amplitude PWM output P50 28
SIBO | Clocked Serial Interface CSIBO data input P105 72
SIB1 | Clocked Serial Interface CSIB1 data input P43 60
P90 76
SM31 O | Stepper motor 3 output sin + P130 14
SM32 O | Stepper motor 3 output sin — P131 15
SM33 O | Stepper motor 3 output cos + P132 16
SM34 O | Stepper motor 3 output cos — P133 17
SM41 O | Stepper motor 4 output sin + P134 20
SM42 O | Stepper motor 4 output sin — P135 21
SM43 O | Stepper motor 4 output cos + P136 22
SM44 O | Stepper motor 4 output cos — P137 23
SM51 O | Stepper motor 5 output sin + P120 4
SM52 O | Stepper motor 5 output sin — P121 5
SM53 O | Stepper motor 5 output cos + P122 6
SM54 O | Stepper motor 5 output cos — P123 7
SM61 O | Stepper motor 6 output sin + P124 10
SM62 O | Stepper motor 6 output sin — P125 11
SM63 O | Stepper motor 6 output cos + P126 12
SMé64 O | Stepper motor 6 output cos — P127 13
SMVDD50 Stepper Motor Controller/Driver supply no ports 8
smvbpst | | Voltage 18
SMVSS50 Stepper Motor Controller/Driver ground no ports 9
SMvsss1 | 19
SOBO O | Clocked Serial Interface CSIBO data output P106 71
SOB1 o Clocked Serial Interface CSIB1 data output P44 59
P91 77
TIGO1 Timer TMGO channel 1 input P20 36
I P130 14
TIG02 | Timer TMGO channel 2 input P21 37
P131 15
TIGO3 | Timer TMGO channel 3 input P22 38
P132 16
TIG0O4 Timer TMGO channel 4 input P23 39
I P133 17
TIG11 | Timer TMG1 channels 1 input P24 40
P134 20
TIG12 | Timer TMG1 channels 2 input P25 43
P135 21
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Table 2-20 Alphabetic pin functions list (5/5)

Pin number

Pin name /0 | Pin function Port pPD703416 | uPD70F3416

uPD703417 | uPD70F3417
TIG13 Timer TMG1 channels 3 input P26 44
I P136 22
TIG14 | Timer TMG1 channels 4 input P27 45
P137 23
TIPOO | Timer TMPO channel 0 capture input P60 50
TIPO1 | Timer TMPO channel 1 capture input P61 51
TOGO1 Timer TMGO channel 1 output P20 36
° P130 14
TOGO02 Timer TMGO channel 2 output P21 37
° P131 15
TOGO03 Timer TMGO channel 3 output P22 38
° P132 16
TOG04 Timer TMGO channel 4 output P23 39
° P133 17
TOG11 Timer TMG1 channel 1 output P24 40
° P134 20
TOG12 Timer TMG1 channel 2 output P25 43
° P135 21
TOG13 Timer TMG1 channel 3 output P26 44
° P136 22
TOG14 Timer TMG1 channel 4 output P27 45
° P137 23
TOPOO O | Timer TMPO channel 0 output P60 50
TOPO1 Timer TMPO channel 1 output P34 46
° P61 51
TXDAO UARTAO transmit data P30 33
° P86 68
TXDA1 O | UARTAT1 transmit data P32 69
VDD50 — | Core supply voltage no ports 84
VSS50 — | Core supply ground no ports 86
X1 Main oscillator terminals no ports 88
X2 - 89
XT1 Sub oscillator terminals no ports 91
XT2 - 92

Note Alternative input functions of CSIB1, UARTO, I>C0, and TMGO are provided on
two pins each. Thus you can select on which pin the alternative function should

appear.

Refer to “Alternative input selection” on page 42.
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2.4.3 Portgroup 0
¢ Port group 0 is an 4-bit port group. In alternative mode, it comprises pins for
the following functions:
e External interrupt (INTPO to INTP3)
* Non-maskable interrupt (NMI)
Port group 0 includes the following pins:
Table 2-21 Port group 0: pin functions and port types
Pin functions in different modes
(:I\clzgnlrnoi'%) Al'zgl;\:gtril\:: :n 1o )de LG Port type
B - after reset
output mode Input mode
(PMnm = 0) (PMnm = 1)
P00 (I/0) - INTPO/NMI P0O (1) M
P01 (1/0) - INTP1 PO1 (1) M
P02 (I/0) - INTP2 P02 (1) M
P03 (1/0) - INTP3 P03 (I) M
Note For configuring POO as NMI and/or INTPO refer also to “Edge and Level
Detection Configuration” on page 204.
Table 2-22 Port group 0: configuration registers
Register | Address :,r:Itli‘ael Used bits
PMO FFFF F420y | FFy X X X X PMO03 PMO02 PMO00
PMCO FFFF F4404 | 004 X X X X PMC03 | PMC02 | PMCO1 PMC00
PO FFFF F4004 | 004 X X X X P03 P02 Po0
PRCO FFFF F3EOy | 004 X X X X X PRC00?
PPRO FFFF F3CO4 | 004 X X X X PPR03 | PPR0O2 PPRO1 PPR00
PDSCO FFFF F3004 | 004 X X X X PDSC03 | PDSC02 | PDSCO1 | PDSCO0
PICCO FFFF F380y | FFy X X X X PICC03 | PICC02 | PICCO1 |PICCOO
PILCO FFFF F3AOy | 00y X X X X PILCO3 | PILC02 |PILCO1 | PILCOO
PODCO | FFFF F3604 | 004 X X X X PODC03 | PODCO02 | PODCO1 | PODCOO
a) The setting of PRCOO is valid for the entire port group.
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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244 Portgroup 1

Table 2-23

Note

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

* [2C0 data/clock line (SDAO/SCLO)
Port group 1 includes the following pins:

Port group 1: pin functions and port types

Pin functions in different modes
Port mode Alternative mode Pin function
(PMCnm = 0) (PMCnm =1) after reset Port type
output mode Input mode
(PMnm = 0) (PMnm = 1)
P16 (I/0) SDAO? SDAO P16 (1) M
P17 (1/0) SCL02 SCLO P17 (1) M

a) In 12C function mode open drain emulation has to be enabled
(PODC1.PODC16 = 1 and PODC1.PODC17 = 1). Thus output function is enabled
automatically, although PMnm = 1.

Alternative input functions SDAO and SCLO are provided on two pins each.
Thus you can select on which pin the alternative function should appear. If
alternative functions SDAO/SCLO are used at P16/17 make sure to set also
PFSR0.PFSR04 = 0.

Refer to “Alternative input selection” on page 42.

Table 2-24 Port group 1: configuration registers

Register | Address :":Itlill Used bits

PM1 FFFF F422y FFy PM17 PM16 X X X X X X

PMC1 FFFF F442, 004 PMC17 PMC16 X X X X X X

P1 FFFF F402y 00y P17 P16 X X X X X X

PRC1 FFFF F3E2y 004 X X X X X X X PRC10?
PRC1_0°

PPR1 FFFF F3C2y 004 PPR17 PPR16 X X X X X X

PDSC1 FFFF F302y 004 PDSC17 | PDSC16 |X X X X X X

PICCH FFFF F382y FFy PICC17 PICC16 X X X X X X

PILC1 FFFF F3A2y 004 PILC17 PILC16 X X X X X X

PODCH1 FFFF F362y 004 PODC17 |PODC16 |X X X X X X

a8)  The setting of PRC10/PRC1_0 is valid for the entire port group.

b)

Both bit names may be used.

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.5 Port group 2

Port group 2 is an 8-bit port group. In alternative mode, it comprises pins for

the

following functions:

e Timer TMGO to TMG1 channels
(TIGO1 to TIG04, TOGO1 to TOGO04, TIG11 to TIG14, TOG11 to TOG14)

e LCD controller segment signal output (SEGO to SEG7)

Port group 2 includes the following pins:

Table 2-25 Port group 2: pin functions and port types

Pin functions in different modes
Port mode Alternative mode LCD mode .
(PMCnm = 0) (PMCnm =1) (PLCDCnm =1) Pin
function Port type
Output mode (PMnm = 0) Input mode after reset
PFCnm=0 | PFCnm=1 | (PMnm=1)
ALT1-OUT ALT2-OUT
P20 (I/O) - TOGO1 TIGO1 SEGO P20 (1) M
P21 (1/0) - TOGO02 TIGO2 SEGH P21 (1) M
P22 (1/0) TOGO03 TIGO3 SEG2 P22 (1) M
P23 (I/0) TOG04 TIGO4 SEG3 P23 (1) M
P24 (1/0) TOG11 TIG11 SEG4 P24 (1) M
P25 (1/0) TOG12 TIG12 SEG5 P25 (1) M
P26 (I/0) TOG13 TIG13 SEG6 P26 (1) M
P27 (1/0) TOG14 TIG14 SEG7 P27 (1) M
Note 1. For pins that support only one alternative output mode, the PFCnm bit is

not available.

Alternative input functions of TMGO are provided on two pins each. Thus
you can select on which pin the alternative function should appear. Refer to
“Alternative input selection“ on page 42.

Table 2-26 Port group 2: Configuration registers

Register | Address ::;iltli]ael Used bits
PM2 FFFF F424y | FFy Pm27 PM26 PM25 PM24 PM23 PM22 PM21 PM20
PMC2 FFFF F444, | 00y PMC27 PMC26 PMC25 PMC24 PMC23 PMC22 PMC21 PMC20
PFC2 FFFF F464y | 004 X X X X X X PFC21 PFC20
PLCDC2 FFFF F344y | 004 PLCDC27 | PLCDC26 | PLCDC25 | PLCDC24 | PLCDC23 | PLCDC22 | PLCDC21 | PLCDC20
P2 FFFF F404y | 00y p27 P26 P25 P24 P23 P22 P21 P20
PRC2 FFFF F3E4y | 004 X X X X X X X PRC20?
PPR2 FFFF F3C4y | 00y PPR27 PPR26 PPR25 PPR24 PPR23 PPR22 PPR21 PPR20
PDSC2 FFFF F304y | 00y PDSC27 | PDSC26 |PDSC25 |PDSC24 |PDSC23 |PDSC22 |PDSC21 |PDSC20
PICC2 FFFF F384y | FFy PICC27 | PICC26 |PICC25 |PICC24 |PICC23 |PICC22 |PICC21 PICC20
PILC2 FFFF F3A4y | 004 PILC27 PILC26 PILC25 PILC24 PILC23 PILC22 PILC21 PILC20
PODC2 FFFF F364y | 00y PODC27 |PODC26 |PODC25 |PODC24 |PODC23 |PODC22 |PODC21 |PODC20
3  The setting of PRC20 is valid for the entire port group.
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.6 Portgroup 3

Table 2-27

Note

Port group 3 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:

¢ UARTAO transmit/receive data (TXDAQ, RXDAO)
* UARTA1 transmit/receive data (TXDA1, RXDA1)
e LCD controller segment signal output (SEG8 to SEG11, SEG29, SEG31)
e Timer TMPO channels (TOPO01)

Port group 3 includes the following pins:

Port group 3: pin functions and port types

Pin functions in different modes
Port mode Alternative mode LCD mode Pir! Port
(PMCnm (PMCnm = 1) (PLCDCnm function type
=0) Output mode | Input mode =1) e
(PMnm =0) | (PMnm =1)
P30 (I/0) TXDAO - - P30 (1) M
P31 (I/O) - RXDAO - P31 (I) M
P32 (1/0) TXDA1 - SEG31 P32 (1) M
P33 (I/0) - RXDA1 SEG29 P33 (1) M
P34 (I/0) TOPO1 - SEG8 P34 (1) M
P35 (I/0) - - SEG9 P35 (1) M
P36 (I/0) - - SEG10 P36 (1) M
P37 (I/O) - - SEG11 P37 (1) M

Alternative input function RXDAO of UARTAO is provided on two pins. Thus you
can select on which pin the alternative function should appear. Refer to
“Alternative input selection” on page 42.

Table 2-28 Port group 3: configuration registers

Register | Address :’nailtlijael Used bits

PM3 FFFF F426y | FFy PM37 PM36 PM35 PM34 PM33 PM32 PM31 PM30
PMC3 FFFF F446, | 00y X X X PMC34 X PMC32 X PMC30
PLCDC3 FFFF F346, | 00y PLCDC37 | PLCDC36 | PLCDC35 | PLCDC34 | PLCDC33 | PLCDC32 | X X

P3 FFFF F406, | 00y P37 P36 P35 P34 P33 P32 P31 P30
PRC3 FFFF F3E6y | 004 X X X X X X X PRC30?
PPR3 FFFF F3C64 | 004 PPR37 PPR36 PPR35 PPR34 PPR33 PPR32 PPR31 PPR30
PDSC3 FFFF F306, | 00y PDSC37 | PDSC36 |PDSC35 |PDSC34 |PDSC33 |PDSC32 |PDSC31 |PDSC30
PICC3 FFFF F386y | FFy PICC37 | PICC36 |PICC35 |PICC34 |PICC33 |[PICC32 |PICC31 PICC30
PILC3 FFFF F3A6y | 00y PILC37 PILC36 PILC35 PILC34 PILC33 | PILC32 PILC31 PILC30
PODC3 FFFF F366, | 00y PODC37 | PODC36 |PODC35 |PODC34 |PODC33 |PODC32 |PODC31 |PODC30
a) The setting of PRC30 is valid for the entire port group.

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.7 Port group 4
Port group 4 is an 5-bit port group. In alternative mode, it comprises pins for
the following functions:
* Clocked Serial Interface CSIB1 data/clock line (SIB1, SOB1, SCKB1)
e LCD controller segment signal output (SEG20 to SEG22)
e CANO transmit/receive data (CTXDO, CRXDO)
Port group 4 includes the following pins:
Table 2-29 Port group 4: pin functions and port types
Pin functions in different modes
Port mode Alternative mode LCD mode Pir! Port
(PMCnm = 0) (PMCnm = 1) (PLCDCnm function type
Output mode | Input mode =1) FIE TEEE
(PMnm = 0) (PMnm =1)
P43 (1/0) - SIB1 SEG22 P43 (1) M
P44 (1/0) SOB1 - SEG21 P44 (1) M
P45 (1/0) SCKB1 SCKB1 SEG20 P45 (1) M
P46 (1/0) - CRXDO - P46 (1) M
P47 (1/0) CTXDO - - P47 (1) M

Note

Alternative input functions SIB1 and SCKB1of CSIB1 are provided on two pins
each. Thus you can select on which pin the alternative function should appear.
Refer to “Alternative input selection” on page 42.

Table 2-30 Port group 4: configuration registers

Register | Address :Ir;ilttif: Used bits
PM4 FFFF F428y | FFy PM47 PM46 PM45 PM44 PM43 X X X
PMC4 FFFF F448, | 004 PMC47 PMC46 PMC45 PMC44 PMC43 X X X
PLCDC4 FFFF F348, | 004 X X PLCDC45 | PLCDC44 | PLCDC43 | X X X
P4 FFFF F408y | 00y P47 P46 P45 P44 P43 X X X
PRC4 FFFF F3E8y | 004 X X X X X X X PRC40
PPR4 FFFF F3C8 | 00y PPR47 PPR46 PPR45 PPR44 PPR43 X X X
PDSC4 FFFF F308, | 00y PDSC47 | PDSC46 | PDSC45 |PDSC44 |PDSC43 | X X X
PICC4 FFFF F388y | FFy PICC47 | PICC46 | PICC45 |PICC44 |PICC43 | X X X
PILC4 FFFF F3A8y | 004 PILC47 PILC46 PILC45 PILC44 PILC43 X X X
PODC4 FFFF F368, | 00y PODC47 | PODC46 | PODC45 | PODC44 | PODC43 | X X X
Note Itis recommended to configure the ports used for CAN data transmit CTXDn to
its highest drive strength to Limit2 by PDSCn.PDSCnm = 1 for CAN baud rates
above 200 Kbit/sec.
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.8 Port group 5

Table 2-31

Note

Port group 5 is an 2-bit port group. In alternative mode, it comprises pins for
the following functions:

¢ Sound Generator outputs (SGO, SGOA)

¢ Frequency output (FOUT)

Port group 5 includes the following pins:

Port group 5: pin functions and port types

Pin functions in different modes
Port mode Alternative mode .
(PMCnm = 0) (PMCnm = 1) Pin Port
function
Output mode (PMnm = 0) | Input mode | after reset | YPE
PFCnm=0 | PFCnm=1 | (PMnm=1)
ALT1-OUT ALT2-OUT
P50 (1/0) FOUT SGOA - P50 (1) M
P51 (I/0) SGO - P51 (I) M

1. For pins that support only one alternative output mode, the PFCnm bit is
not available.

Table 2-32 Port group 5: configuration registers

Register | Address Ll;iltlija: Used bits
PM5 FFFF F42Ay FFy X X X X X X PM51 PM50
PMC5 FFFF F44Ay 004 X X X X X X PMC51 | PMC50
PFC5 FFFF F46Ay 00y X X X X X X X PFC50
P5 FFFF F40Ay 004 X X X X X X P51 P50
PRC5 FFFF F3EAy 004 X X X X X X X PRC502
PPR5 FFFF F3CAy 00y X X X X X X PPR51 PPR50
PDSC5 FFFF F30Ay 004 X X X X X X PDSC51 | PDSC50
PICC5 FFFF F38Ay FFy X X X X X X PICC51 | PICC50
PILC5 FFFF F3AAL 00y X X X X X X PILC51 | PILC50
PODC5 FFFF F36Ay 004 X X X X X X PODC51 | PODC50
3 The setting of PRC50 is valid for the entire port group.
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.9 Port group 6

Table 2-33

Note

Port group 6 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:

e Timer TMPO channels (TIPOO, TOP0OO, TOPO1)
e LCD controller segment signal output (SEG12 to SEG19)
* |2C0 data/clock line (SDAO, SCLO)

Port group 6 includes the following pins:

Port group 6: pin functions and port types

Pin functions in different modes
Port mode Alternative mode LCD mode Pin Port
(PMCnm = 0) (PMCnm =1) (PLCDCnm function
=1) after reset type
Output mode | Input mode
(PMnm = 0) (PMnm = 1)

P60 (I/0) TOPOO TIPOO SEG12 P60 (1) M
P61 (I/0) TOPO1 TIPO1 SEG13 P61 (1) M
P62 (1/0) - - SEG14 P62 (1) M
P63 (I/0) - - SEG15 P63 (1) M
P64 (1/0) SCLo? SCLO SEG16 P64 (1) M
P65 (1/0) SDA0? SDAO SEG17 P65 (1) M
P66 (1/0) - - SEG18 P66 (1) M
P67 (1/0) - - SEG19 P67 (1) M

a)

In 12C function mode open drain emulation has to be enabled

(PODC6.PODC64 = 1 and PODC6.PODC65 = 1). Thus output function is enabled
automatically, although PMnm = 1.

Alternative input functions SDAO and SCLO of I2CO are provided on two pins
each. Thus you can select on which pin the alternative function should appear.
If alternative functions SDAO/SCLO are used at P64/65 make sure to set also
PFSRO.PFSR04 = 1.
Refer to “Alternative input selection” on page 42.

Table 2-34 Port group 6: configuration registers

Register | Address :’r;iltlif: Used bits
PM6 FFFF F42Cy | FFy PM67 PM66 PM65 PM64 PM63 PM62 PM61 PM60
PMC6 FFFF F44Cy | 00y X X PMC65 PMC64 X X PMC61 PMC60
PLCDC6 FFFF F34Cy | 00y PLCDC67 | PLCDC66 | PLCDC65 | PLCDC64 | PLCDC63 | PLCDC62 | PLCDC61 | PLCDC60
P6 FFFF F40Cy | 00y P67 P66 P65 P64 P63 P62 P61 P60
PRC6 FFFF F3ECy | 00y X X X X X X X PRC602
PPR6 FFFF F3CCy | 00y PPR67 PPR66 PPR65 PPR64 PPR63 PPR62 PPR61 PPR60
PDSC6 FFFF F30Cy | 00y PDSC67 | PDSC66 |PDSC65 |PDSC64 |PDSC63 |PDSC62 |PDSC61 |PDSC60
PICC6 FFFF F38Cy | FFy PICC67 | PICC66 | PICC65 |PICC64 |PICC63 |PICC62 | PICCH1 PICC60
PILC6 FFFF F3ACH | 004 PILC67 PILC66 PILC65 PILC64 PILC63 PILC62 PILC61 PILC60
PODC6 FFFF F36Cy | 00y PODC67 | PODC66 |PODC65 |PODC64 |PODC63 | PODC62 |PODC61 | PODC60
) The setting of PRC60 is valid for the entire port group.
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.10 Portgroup7
Port group 7 is a 8-bit port group. It includes pins for the A/D Converter input.
The pins of this port group only work in input mode (port type B). They are
used for their alternative input function A/D converter input. At the same time,
the pin status can also be read via the port register Pn, so that the pin also
works in port mode.
Port group 7 includes the following pins:
Table 2-35 Port group 7: pin functions and port types
Pin functions in different modes
Port mode Alternative input | Pinfunctionafter | o, , oo
(PMCnm = 0) mode reset
(PMCnm = 1)
P70 (1) ANIO P70 (1) B
P71 (1) AN P71 (1) B
P72 () ANI2 P72 (1) B
P73 () ANI3 P73 (1) B
P74 (1) ANI4 P74 (1) B
P75 (1) ANI5 P75 (1) B
P76 () ANI6 P76 (1) B
P77 (1) ANI7 P77 (1) B
Note All pins of port group 7 always function in alternative input mode, i.e. A/D
conversion of the level at P7m is independent of any register settings.
For reading the pin status via the P7 register PMC7m has to be set to 0.
Since the accuracy of an A/D conversion may degrade when P7 is read during
the sampling time of the A/D converter, it is recommended to disable the port
pin read by PMC7m = 1 during A/D conversion.
Table 2-36 Port group 7: configuration registers
Register | Address Ll Used bits
value
PMC7 FFFF F44EL 004 PMC77 PMC76 PMC75 PMC74 PMC73 PMC72 PMC71 PMC70
P7 FFFF F40EL |00y P77 P76 P75 P74 P73 P72 P71 P70
PILC7 FFFF F3AEL [004 PILC77 PILC76 PILC75 PILC74 PILC73 PILC72 PILC71 PILC70
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.11

Port group 8

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

e LCD controller segment signal output (SEG23 to SEG28, SEG30)

¢ Frequency output (FOUT)

¢ Inverted frequency output (FOUT)
¢ UARTAO transmit/receive data (TXDAQ, RXDAO)

Port group 8 includes the following pins:

Table 2-37 Port group 8: pin functions and port types

Pin functions in different modes
Port mode Alternative mode LCD mode .
(PMCnm = (PMCnm = 1) (PLCDCnm Pin Port
0) =1) function

Output mode (PMnm =0) | Input mode after reset | YP€

PFCnm=0 | PFCnm=1 | (PMnm=1)

ALT1-OUT | ALT2-OUT
P80 (I/0) |- - SEG26 P80 (1) M
P81 (I/10) |- - SEG25 P81 (1) M
P82 (1/10) |- - SEG24 P82 (1) M
P83 (/0) |- FOUT - SEG23 P83 (1) M
P85 (1/0) | FOUT - SEG27 P85 (1) M
P86 (I/0) | TXDAO - SEG30 P86 (1) M
P87 (I/10) |- RXDAO SEG28 P87 (1) M

Note 1. For pins that support only one alternative output mode, the PFCnm bit is
not available.
2. Alternative input functions of UARTO are provided on two pins each. Thus

you can select on which pin the alternative function should appear.
Refer to “Alternative input selection” on page 42.

Table 2-38 Port group 8: configuration registers

Register | Address ::;iltli]ael Used bits

PM8 FFFF F430y | FFy PM87 PM86 PM85 X PM83 PM82 PM81 PM80
PMC8 FFFF F4504 | 00y PMC87 PMC86 PMC85 X PMC83 X X X

PFC8 FFFF F4704 | 004 X X X X PFC83 X X X
PLCDC8 FFFF F3504 | 004 PLCDC87 | PLCDC86 | PLCDC85 | X PLCDC83 | PLCDC82 | PLCDC81 | PLCDC80
P8 FFFF F4104 | 00y P87 P86 P85 X P83 P82 P81 P80
PRC8 FFFF F3F0y4 | 004 X X X X X X X PRC80?
PPR8 FFFF F3D0y | 004 PPR87 PPR86 PPR85 X PPR83 PPR82 PPR81 PPR80
PDSC8 FFFF F3104 | 00y PDSC87 | PDSC86 |PDSC85 |X PDSC83 | PDSC82 |PDSC81 | PDSC80
PICC8 FFFF F390y | FFy PICC87 | PICC86 |PICC85 |X PICC83 | PICC82 | PICC81 PICC80
PILC8 FFFF F3B0y | 004 PILC87 PILC86 PILC85 | X PILC83 PILC82 PILC81 PILC80
PODC8 FFFF F3704 | 00y PODC87 | PODC86 |PODC85 |X PODC83 | PODC82 |PODC81 | PODC80
a) The setting of PRC80 is valid for the entire port group.

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.12 Port group 9

Port group 9 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:

* Clocked Serial Interface CSIB1 data/clock line (SCKB1, SOB1, SIB1)
e LCD controller segment signal output (SEG36 to SEG39)
e LCD controller common signal output (COMO to COM4)

Port group 9 includes the following pins:

Table 2-39 Port group 9: pin functions and port types

Pin functions in different modes

not available.

Port mode Alternative mode LCD mode .
(PMCnm = 0) (PMCnm = 1) (PLCDCnm = 1) Pin
function Port type
Output mode (PMnm = 0) Input mode after reset
PFCnm=0 | PFCnm=1 | (PMnm=1)
ALT1-OUT ALT2-OUT
P90 (1/0) - SIB1 SEG36 P90 (1) M
P91 (1/O) - SOBT1 - SEG37 P91 (1) M
P92 (1/0) - SCKB1 SCKB1 SEG38 P92 (1) M
P93 (I/0) - - SEG39 P93 (1) M
P94 (1/0) - - COMO P94 (1) M
P95 (1/0) - - COM1 P95 (1) M
P96 (I/0) - - COM2 P96 (1) M
P97 (1/0) - - COM3 P97 (1) M
Note 1. For pins that support only one alternative output mode, the PFCnm bit is

Alternative input functions of CSIB1 are provided on two pins each. Thus
you can select on which pin the alternative function should appear.
Refer to “Alternative input selection” on page 42.

Table 2-40 Port group 9: configuration registers

Register | Address :;:Itlif: Used bits
PM9 FFFF F432y | FFy PM97 PM96 PM95 PM94 PM93 PM92 PM91 PM90
PMC9 FFFF F452, | 004 X X X X X PMC92 PMCI1 PMC90
PFC9 FFFF F472y | 00y X X X X X PFC92 PFC91 X
PLCDCY FFFF F3524 | 00y PLCDCY97 | PLCDC96 | PLCDC95 | PLCDC94 | PLCDC93 | PLCDC92 | PLCDCI1 | PLCDC0
P9 FFFF F412y | 004 P97 P96 P95 P94 P93 P92 P91 P90
PRC9 FFFF F3204 | 00y X X X X X X X PRC90?
PPR9 FFFF F3D2y | 004 PPR97 PPR96 PPR95 PPR94 PPR93 PPR92 PPRI1 PPR90
PDSC9 FFFF F312y | 004 PDSC97 | PDSC96 |PDSC95 |PDSC94 |PDSC93 |PDSC92 |PDSC91 |PDSC90
PICC9 FFFF F392y | FFy PICC97 | PICC96 |PICC95 |PICC94 |PICC93 |PICC92 |PICCIT |PICCI0
PILCY FFFF F3B2y | 004 PILC97 | PILC96 |PILC95 |PILC94 |PILC93 |PILC92 PILC91 PILC90
PODC9 FFFF F372y | 004 PODC97 |PODC96 | PODC95 | PODC94 |PODC93 | PODC92 | PODCI91 | PODCY0
a  The setting of PRC90 is valid for the entire port group.
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.13 Port group 10
Port group 10 is an 4-bit port group. In alternative mode, it comprises pins for
the following functions:
e LCD controller segment signal output (SEG32 to SEG35)
* Clocked Serial Interface CSIBO data/clock line (SIB0O, SOB0, SCKBO)
Port group 10 includes the following pins:
Table 2-41 Port group 10: pin functions and port types
Pin functions in different modes
Port mode Alternative mode LCD mode Pir! Port
(PMCnm = 0) (PMCnm = 1) (PLCE:():nm = a:ltjenrc:lec:;t type
Output mode | Input mode
(PMnm = 0) (PMnm =1)
P104(1/0) - - SEG35 P104(1) M
P105 (I/O) - SIBO SEG34 P105 (1) M
P106 (I/O) SOBO - SEG33 P106 (1) M
P107 (1/0) SCKBO SCKBO SEG32 P107 (1) M
Table 2-42 Port group 10: configuration registers
Register | Address :’r:Itli‘ael Used bits
PM10 FFFF F434y | FFy PM107 PM106 PM105 PM104 X X X X
PMC10 FFFF F454y | 004 PMC107 | PMC106 |PMC105 |X X X X X
PLCDC10 FFFF F354y | 004 PLCDC107 | PLCDC106 | PLCDC105 | PLCDC104 | X X X X
P10 FFFF F414y | 00y P107 P106 P105 P104 X X X X
PRC10 FFFF F3F4y | 004 X X X X X X X PRC100?
PPR10 FFFF F3D4y | 004 PPR107 | PPR106 |PPR105 |PPR104 |X X X X
PDSC10 FFFF F314y | 00y PDSC107 | PDSC106 | PDSC105 | PDSC104 | X X X X
PICC10 FFFF F394y | FFy PICC107 | PICC106 | PICC105 | PICC104 | X X X X
PILC10 FFFF F3B4y | 004 PILC107 | PILC106 | PILC105 | PILC104 |X X X X
PODC10 FFFF F374y | 00y PODC107 | PODC106 | PODC105 | PODC104 | X X X X
3 The setting of PRC100 is valid for the entire port group.
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.14 Port group 12

Port group 12 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:

e Stepper Motor Controller/Driver outputs (SM51 to SM54, SM61 to SM64)

Port group 12 includes the following pins:

Table 2-43 Port group 12: pin functions and port types

Pin functions in different modes
(:I\CI:gnTnof%) Alzgmgtri\: l—“ f)de NS Port type
B - after reset
Output mode | Input mode
(PMnm = 0) (PMnm = 1)
P120 (1/0) SM51 - P120 (1) M
P121 (I/0) SM52 - P121 (1) M
P122 (1/0) SM53 - P122 (1) M
P123 (1/0) SM54 - P123 (1) M
P124 (1/0) SM61 - P124 (1) M
P125 (I/0) SM62 - P125 (1) M
P126 (1/0) SM63 - P126 (1) M
P127 (I/0) SM64 - P127 (1) M

Note Port group 12 is equipped with high driver buffers for stepper motor control.

Table 2-44 Port group 12: configuration registers

Initial

Register | Address Used bits

value
PM122 FFFF F438y | FFy PM127 PM126 PM125 PM124 PM123 PM122 PM121 PM120
PMC12 FFFF F458y | 004 PMC127 |PMC126 |PMC125 |PMC124 |PMC123 |PMC122 |PMC121 | PMC120
P12 FFFF F418y | 00y P127 P126 P125 P124 P123 P122 P121 P120
PRC12 FFFF F3F8, | 00y X X X X X X X PRC120°
PPR12 FFFF F3D8y | 00y PPR127 |PPR126 |PPR125 |PPR124 |PPR123 |PPR122 |PPR121 |PPR120
PICC12 FFFF F398, | FFy PICC127 | PICC126 | PICC125 | PICC124 | PICC123 | PICC122 | PICC121 | PICC120
PILC12 FFFF F3B8y | 00y PILC127 | PILC126 | PILC125 |PILC124 |PILC123 |PILCi122 |PILC121 | PILC120
PODC12 FFFF F378y | 004 PODC127 | PODC126 | PODC125 | PODC124 |PODC123 | PODC122 | PODC121 | PODC120

8 PM12 has to be changed from its default value FF to 00y in order to enable the Stepper Motor Controller/
Driver outputs

b} The setting of PRC120 is valid for the entire port group.
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
RO1UH0027ED0420 Rev. 4.20 REN ESNS 64

User Manual



Chapter 2

Pin Functions

2.4.15 Port group 13

Port group 13 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:

e Stepper Motor Controller/Driver outputs (SM31 to SM34, SM41 to SM44)

e Timer TMGO to TMG1 channels (TIGO1 to TIG04, TOGO1 to TOG04, TIG11
to TIG14, TOG11 to TOG14)

Port group 13 includes the following pins:

Table 2-45 Port group 13: pin functions and port types

Note

Pin functions in different modes
Port mode Alternative mode .
(PMCnm = 0) (PMCnm = 1) Pin Port
function

output mode (PMnm =0) | Input mode | sfter reset | 1YP€

PFCnm=0 | PFCnm=1 | (PMnm=1)

ALT1-OUT ALT2-OUT
P130 (I/O) SM31 TOGO1 TIGO1 P130 (I) M
P131 (I/O) SM32 TOGO02 TIG02 P131 (l) M
P132 (I/O) SM33 TOGO03 TIGO3 P132 (I) M
P133 (I/O) SM34 TOG04 TIGO4 P133 (I) M
P134 (I/O) SM41 TOG11 TIG11 P134 (I) M
P135 (I/O) SM42 TOG12 TIG12 P135 (I) M
P136 (I/O) SM43 TOG13 TIG13 P136 (I) M
P137 (I/O) SM44 TOG14 TIG14 P137 (I) M

1. Alternative input functions of TMGO are provided on two pins each. Thus
you can select on which pin the alternative function should appear.
Refer to “Alternative input selection” on page 42.

2. Port group 13 is equipped with high driver buffers for stepper motor control.

Table 2-46 Port group 13: configuration registers

Register | Address :Ir;iltlijzl Used bits
PM13 FFFF F43AL | FFy PM137 PM136 PM135 PM134 PM133 PM132 PM131 PM130
PMC13 FFFF F45A, | 00y PMC137 | PMC136 |PMC135 |PMC134 |PMC133 |PMC132 |PMC131 |PMC130
PFC13 FFFF F47Ay | 00y PFC137 | PFC136 |PFC135 |PFC134 |PFC133 |PFC132 |PFC131 |PFC130
P13 FFFF F41Ay | 004 P137 P136 P135 P134 P133 P132 P131 P130
PRC13 FFFF F3FAy | 00y X X X X X X X PRC1302
PPR13 FFFF F3DAy | 00y PPR137 | PPR136 |PPR135 |PPR134 |PPR133 |PPR132 |PPR131 |PPR130
PICC13 FFFF F39Ay | FFy PICC137 | PICC136 | PICC135 | PICC134 | PICC133 |PICC132 | PICC131 | PICC130
PILC13 FFFF F3BAy | 00y PILC137 | PILC136 |PILC135 |PILC134 |PILC133 |PILC132 |PILC131 |PILC130
PODC13 FFFF F37Ay | 00y PODC137 | PODC136 | PODC135 |PODC134 |PODC133 |PODC132 | PODC131 |PODC130
a) The setting of PRC130 is valid for the entire port group.
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.5

2.5.1

2.5.2

Table 2-47

Note

Filter operation

Noise Elimination

The input signals at some pins are passed through a filter to remove noise and
glitches. The microcontroller supports both analog and digital filters. The
analog filters are always applied to the input signals, whereas the digital filters
can be enabled/disabled by control registers.

Analog filtered inputs

The external interrupts INTPn, NMI and the external RESET input are passed
through an analog filter to remove noise and glitches. The analog filter
suppresses input pulses that are shorter than a specified puls width (refer to
the Data Sheet). This assures the hold time for the external interrupt signals.

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

Digitally filtered inputs
The inputs of the peripherals listed below are passed through a digital filter to
remove noise and glitches.

The digital filter operates in all modes, which have the PLL enabled. Thus, it
does not operate in Watch, Sub-watch and Idle mode. The digital filter is only
effective if the corresponding pin works in alternative input mode and not as a
general purpose I/O port.

The digital input filter is available for the following external signals:

Digitally filtered external signals

Module Signal Comment

CSIBO SIB0, SCKBO For high clock rates of the Clocked Serial
CSIB1 SIB1, SCKB1 Inten‘aqe, the dllgltaI. filter should be disabled.

Otherwise, desired input pulses may be
removed by the digital filter.

TMPO TIPOO, TIPO1
TMGO TIGO1 to TIG04
TMG1 TIG11 to TIG14

The Timers G provide additional digital noise filters at their capture inputs
TIGn1 to TIGn4. Refer also to the Data Sheet for the minimum capture inputs
pulse widths.

The input terminal signal is sampled with the sampling frequency fq. Spikes
shorter than 2 sampling cycles are suppressed and no internal signal is
generated. Pulses longer than 3 sampling cycles are recognized as valid
pulses and an internal signal is generated. For pulses between 2 and 3
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sampling cycles, the behaviour is not defined. The filter operation is illustrated

in Figure 2-4.

Filter output

| | | | | | | | | | | | | |

! ! ! ! ! ! ! ! ! ! ! ! ! !

| | | | | | | | | | | | | |

! ! ! ! ! ! ! ! ! ! ! ! ! !

! ! ! ! ! ! ! ! ! ! ! ! ! !

| | | | | | | | | | | | | |

! ! ! ! ! ! ! ! ! ! ! ! ! !

| | | | | | | | | | | | | |

| | | | | | | | | | | | | |
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Input terminal

! !
| |
! !

Figure 2-4 Digital noise removal example

Table 2-48

The minimum input terminal pulse width to be validated is defined by the
sampling frequency fg. The sampling frequency fg is PCLKO.

Digital noise removal features

Sampling frequency
fs = PCLKO

Minimum pulse width to
generate an internal signal

16 MHz (PLL enabled)

0.125 - 0.1875 psec

4 MHz (PLL disabled)

0.5-0.75 psec

The digital filter function can be individually enabled for each of the
aforementioned external input signals. The filter is enabled/disabled by the
16-bit registers DFENO and DFENT.
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(1) DFENO - Digital filter enable register
The 16-bit DFENO register enables/disables the digital filter for TMPO to TMP3
and TMGO input channels and for CSIBO to CSIB2 input channels.
Access This register can be read/written in 16-bit, 8-bit and 1-bit units.
Address FFFF F710y4
Initial Value 0000y. This register is cleared by any reset.

15 14 13 12 11 10 9 8
DFENC15]DFENC14

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

7 6 5 4 3 2 1 0
DFENC7 | DFENC6 DFENC4 | DFENC3 DFENC1 | DFENCO

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

Table 2-49 DFENO register contents

Bit position | Bit name

Function

15t00 DFENCI[15:0]

Enables/disables the digital noise elimination filter for
the corresponding input signal:

0: Digital filter is disabled.

1: Digital filter is enabled.
For an assignment of bit positions to input signals see
table Table 2-50.

Table 2-50 Assignment of input signals to bit positions for register DFENO

E(i)tsition Bit name | Input signal Description
0 DFENCO | SIBO CSIBO data input?
1 DFENC1 | SIB1 CSIB1 data input?
3 DFENC3 | SCKIBO CSIBO clock input?
4 DFENC4 | SCKIB1 CSIB1 clock input?
6 DFENC6 | TIPOO Timer TMPO channel O capture input
7 DFENC7 | TIPO1 Timer TMPO channel 1 capture input
13 DFENC13 | TIP31 Timer TMP3 channel 1 capture input
14 DFENC14 | TIGO1 Timer TMGO channel 1 capture input
15 DFENC15 | TIG02 Timer TMGO channel 2 capture input

a) Note that for high clock rates of the Clocked Serial Interface, the digital filter should
be disabled. Otherwise, desired input pulses may be removed by the digital filter.
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(2) DFENT1 - Digital filter enable register

The 16-bit DFENT1 register enables/disables the digital filter for TMGO, TMG1
and TMPO input channels.

Access This register can be read/written in 16-bit, 8-bit and 1-bit units.
Address FFFF F712y

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

15 14 13 12 11 10 9 8
X X X X DFENC27
R/W R/W R/W R/W R/W R/W R/W R/W

7 6 5 4 3 2 1 0
DFENC22|DFENC21(DFENC20|DFENC19|DFENC18|DFENC17|DFENC16
R/W R/W R/W R/W R/W R/W R/W R/W

Table 2-51 DFENT1 register contents

Bit position | Bit name Function

Enables/disables the digital noise elimination filter for
the corresponding input signal:

0: Digital filter is disabled.

1: Digital filter is enabled.
For an assignment of bit positions to input signals
see table Table 2-52.

11t00 DFENC[27:16]

Table 2-52 Assignment of input signals to bit positions for register DFEN1

E(i)tsition Bit name | Input signal Description
0 DFENC16 | TIGO3 Timer TMGO channel 3 capture input
1 DFENC17 | TIG0O4 Timer TMGO channel 4 capture input
2 DFENC18 | TIG11 Timer TMG1 channel 1 capture input
3 DFENC19 | TIG12 Timer TMG1 channel 2 capture input
4 DFENC20 | TIG13 Timer TMG1 channel 3 capture input
5 DFENC21 | TIG14 Timer TMG1 channel 4 capture input
6 DFENC22 | TIPOO Timer TMPO channel 0 capture input
11 DFENC27 | TIP10 Timer TMP1 channel O capture input
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2.6 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, i.e. FLMDO = 0.

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 2-53 Pin functions during and after reset / power save modes

Operating status Pin status
Power-On- during | Hi-Z (3-state)
Clear and any after input port mode
reset
HALT mode during | same as before HALT mode
after
IDLE, WATCH, | during | same as before power save mode:
Sub-WATCH,  Output signals are valid and output levels are
STOP mode 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 (INTPn, NMI) and CANn receive

data (CRXDn)
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2.7

Sub oscillator

Recommended Connection of unused Pins

If a pin is not used, it is recommended to connect it as follows:
e output pins: leave open
* input pins: connect to Vpps or Vggs

If no sub oscillator crystal is connected , connect XT1 to V¢ and leave XT2

connection  open.

Note If the overall maximum output current of a concerned pin group 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 Data
Sheet.
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Chapter 2 Pin Functions
2.8 Package Pins Assignment
The following sections show the location of pins in top view. Every pin is
labelled with its pin number and all possible pin names.
85 o
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Figure 2-5 Pin overview
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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 32-bit hardware multiplier enables this CPU to support multiply instructions,
saturated multiply instructions, bit operation instructions, etc.

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

¢ Four types of bit manipulation instructions: 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
' o B8
B Program counter
™ =l .
Systom rogisters ‘ Bus control unit
) (BCU) v
v () K s
> <
AN
K
Interrupt control unit —
] INTO) —
<:j Bus bridge
(BBR)
Standby control unit
K=>
< (STBC)
N NPB
Figure 3-1 CPU system
The shaded busses are used for accessing the configuration registers of the
concerned modules.
Table 3-1 Bus types
Bus type Function

NPB — Peripheral Bus

Bus interface to the peripherals (internal bus).

VSB — V850 System Bus

Bus interface to the Memory Controller for access to external memory, additional
internal memory and to the NPB bus bridge BBR.

VFB — V850 Fetch Bus

Interface to the internal flash or ROM.

VDB - V850 Data Bus

Interface to the internal RAM.
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(Status Saving Register during interrupt)

EIPSW (Status Saving Register during interrupt)

(Status Saving Register during NMI)

FEPSW (Status Saving Register during NMI)

(Interrupt/Execution Source Register) |

(Program Status Word) |

(Status Saving Register during CALLT execution)

CTPSW (Status Saving Register during CALLT execution)

(Status Saving Register during exception/debug trap)

DBPSW (Status Saving Register during exception/debug trap)

| CTBP (CALLT Base Pointer) |

3.2 CPU Register Set
There are two categories of registers:
¢ General purpose registers
e System registers
All registers are 32-bit registers. An overview is given in the figure below. For
details, refer to VB50E1 User's Manual Architecture.
31 0 31
r0 (Zero Register) EIPC
r (Reserved for Assembler)
r2 (Interrupt Stack Pointer)
r3 (Stack Pointer (SP)) FEPC
r4 (Global Pointer (GP))
r5 (Text Pointer (TP))
6 [ ECR
r7
8 [Psw
r9
r10
p CTPC
ri2
r13
4 DBPC
r15
ri6
r17
r18
ro | PC (Program Counter)
r20
r21
r22
r23
r24
r25
r26
r27
r28
r29
r30 (Element Pointer (EP))
r31 (Link Pointer (LP))

Figure 3-2 CPU register set
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 96 for more details.
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3.2.1 General purpose registers (r0 to r31)
Each of the 32 general purpose registers can be used as a data variable or
address variable.

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

Table 3-2 General purpose registers

Register name | Usage Operation

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

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

r2 User address/data variable register

r3 Stack pointer (SP) Used to generate stack frame when
function is called.”

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

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

r6 to r29 User address/data variable registers
r30 Element pointer (EP) Base pointer when memory is

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

r31 Link pointer (LP) Used when calling a function.p

Registers r0 and r30 are used by dedicated instructions.
Registers r1, r3, r4, r5, and r31 may be used by the assembler/compiler.

Caution Before using registers r1, r3 to r5, r30, and r31, their contents must be saved
so that they are not lost. The contents must be restored to the registers after
the registers have been used.
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3.2.2

Example

System register

System register set

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

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

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

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

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

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

a) Reading from this register is only enabled between a DBTRAP exception (exception handler address
0000 0060y) and the exception handler terminating DBRET instruction. DBTRAP exceptions are generated
upon ILGOP and ROM Correction detections (refer to “Interrupt Controller (INTC)“ on page 180 and “ROM
Correction Function (ROMC)“ on page 226).

ROTUH0027ED0420 Rev. 4.20 RENESAS 77

User Manual



Chapter 3

CPU System Functions

(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 0 is fixed to 0.

Access This register can not be accessed by any instruction.

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

31 26 25

1

fixed to O

instruction address during execution

0
[ o]

(2) 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 81 and to the “Interrupt Controller

(INTC)" on page 180.

All PC saving registers are built up as the PC, with the initial value 0xxx xxxx

(x = undefined).

Table 3-4 PC saving registers

during CALLT execution

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

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 and ROM Correction
detections (refer to “Interrupt Controller (INTC)“on page 180and “ROM Correction
Function (ROMC)“ on page 226).

Note 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.

Caution When setting the value of any of the PC saving registers, use even values
(bit 0 = 0). If bit 0 is set to 1, the setting of this bit is ignored.
This is because bit 0 of the program counter is fixed to 0.
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(3) PSW - Program status word

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

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

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

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

Table 3-5 PSW register contents

Bit position Flag Function

7 NP Indicates that non-maskable interrupt (NMI) servicing is in progress.
This flag is set when NMI request is acknowledged, and multiple interrupt
servicing is disabled.

0: NMI servicing is not in progress.

1: NMI servicing is in progress.

6 EP Indicates that exception processing is in progress.
This flag is set when an exception occurs. Even when this bit is set, interrupt
requests can be acknowledged.

0: Exception processing is not in progress.

1: Exception processing is in progress.

5 ID Indicates whether a maskable interrupt request can be acknowledged.
0: Interrupts enabled.
1: Interrupts disabled.

Note: Setting this flag will disable interrupt requests even while the LDSR
instruction is being executed.

4 SAT? For saturated operation processing instructions only:
Indicates that the operation result is saturated due to overflow.
0: Not saturated.
1: Saturated.

Note: 1. This is a cumulative flag: The bit is not automatically cleared if
subsequent instructions lead to not saturated results.
To clear this bit, use the LDSR instruction to set PSW.SAT = 0.

2. In a general arithmetic operation this bit is neglected. It is neither set
nor cleared.

3 CY 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.

2 ove Overflow flag.

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

1 sa Sign flag.

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

0 4 Zero flag.

Indicates whether the result of the operation is zero.
0: Result is not zero.
1: Result is zero.
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a) In the case of saturate instructions, the SAT, S, and OV flags will be set according to the result of the operation
as shown in the table below. Note that the SAT flag is set only when the OV flag has been set during a satu-

rated operation.

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

Table 3-6 Saturation-processed operation result

4

Table 3-7

Note

. Flag status | gaturation-processed
Status of operation result .
SAT | ov S | operation result
Maximum positive value exceeded 1 1 0 | 7FFF FFFFy
Maximum negative value exceeded 1 1 1 | 8000 0000y
Positive (maximum not exceeded) a 0 0 | Operation result itself
X
Negative (maximum not exceeded) 1

a) Retains the value before operation.

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 Oxxxy (x = undefined).

PSW saving registers

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

Status saving register FEPSW | e non-maskable interrupt

during non-maskable

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

trap ¢ debug break

* during a single-step operation
CTPSW |

Status saving register execution of CALLT instruction

during CALLT execution

a) Reading from this register is only enabled between a DBTRAP exception (excep-
tion handler address 0000 0060y) and the exception handler terminating DBRET
instruction. DBTRAP exceptions are generated upon ILGOP and ROM Correction
detections (refer to “Interrupt Controller (INTC)" on page 180and “ROM Correction
Function (ROMC)“ on page 226).

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.
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Caution Bits 31 to 26 of EIPC and bits 31 to 12 and 10 to 8 of EIPSW are reserved for
future function expansion (fixed to 0).When setting the value of EIPC, FEPC, or
CTPC, use even values (bit 0 = 0).
If bit 0 is set to 1, the setting of this bit is ignored. This is because bit 0 of the
program counter is fixed to O.
(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 81.
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)
15t00 EICC Exception code of exception or maskable interrupts
The following table lists the exception codes.
Table 3-9 Interrupt/execution codes (1/2)
Interrupt/Exception Source o Exception | Handler Value
Classification restored to
Non-maskable interrupts NMIO Interrupt 0010y 0000 00104 next PC
(NMI) input (see Note)
NMI1 Interrupt 00204 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 0000y (see Note)
Controller Controller |e |ower 16 bits:
(INTC)“on (INTC)*on exception code
page 180 page 180
Software TRAPON TRAP Exception 004ny 0000 0040y next PC
exception (n=0toFy) |[instruction
TRAP1n TRAP Exception 005ny 0000 00504 next PC
(n=0to Fp) instruction
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Table 3-9 Interrupt/execution codes (2/2)
Interrupt/Exception Source o Exception | Handler Value
Classification restored to
Name Trigger Code Address EIPCIFEPC
Exception trap (ILGOP) lllegal Exception 0060y 0000 00604 next PC
instruction
code
Debug trap DBTRAP | Exception 0060y 0000 0060y next PC
instruction
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 R R R2 R R R/W R
) These bits may be written, but write is ignored.
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3.3

Table 3-10

3.3.1

3.3.2

Operation Modes

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

The following operation modes are available for the flash memory devices:

¢ 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 FLMDO pin, and optionally also the FLMD1 pin, to set the operation mode
after reset release according to Table 3-10.

Selection of operation modes for flash memory devices

FLMD1

FLMDO | " peoa

Operation Mode

0 X Normal operation mode (fetch from flash)

0 Flash programming mode
1 Setting prohibited

1

) The FLMD1 pin function is shared with P50.

Normal operation mode

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

After reset release, the firmware acquires the user's reset vector from the extra
area of the 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 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 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 164.
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3.4 Address Space

3.4.1

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

CPU address space and physical address space

The CPU supports the following address space:

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

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

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

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

The 64 MB physical address space is seen as 64 images in the 4 GB CPU
address space:
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CPU address space
FFFF FFFFH N
\\
N
N
N
N
Image AN
N
N
N
N
N
FCO0 0000H .
FBFF FFFFH N '
\\ \\\ \\
\ ~ \
\ N \
\ ~
Image \ N
\ N \
\ N \
\ S
\ AN Physical address space
\ —

F800 0000H N - x3FF FFFFH
F7FF FFFFH . " ) Peripheral /O x3FF FOOOH
N \ e /

N N /

N . / VDB RAM
Image A x3FF 0000H
e N S // \\ ’
_ — oA ’
~= ~_ P N \,\
- N /
0800 0000H -7 ANN
07FF FFFFH S RANEEN
\\\ / \\ \
N~/ \ \
//\\ NEERY
NN
Image / SN
,/ AN VFB Flash/ROM
)/ b x000 0000H
// - -7 ,/
0400 0000H -7 L
03FF FFFFH /
L
Image .
7/
0000 0000H ’
Figure 3-3 Images in the CPU address space
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3.4.2 Program and data space

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

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

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

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

CPU address space

FFFF FFFFH
-~ —~L Data area
[~ "~ (4 GB linear)
0400 0000H
03FF FFFFH
Program area
(64 MB linear)
0000 0000H
Figure 3-4 CPU address space
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(1) Wrap-around of data space
If an operand address calculation exceeds 32 bits, only the lower 32 bits of the
result are considered. Therefore, the addresses 0000 0000 and FFFF FFFF
are contiguous addresses. This results in a wrap-around of the data space:
Data space
FFFF FFFEH
FFFF FFFFH . (+) . (_)
0000 0000H direction direction
0000 0001H
Data space
Figure 3-5 Wrap-around of data space
(2) Wrap-around of program space
If an instruction address calculation exceeds 26 bits, only the lower 26 bits of
the result are considered. Therefore, the addresses 0000 0000 and
03FF FFFFy are contiguous addresses. This results in a wrap-around of the
program space:
03FF FFFEH Program space
O3FF FFFFH +) 8)
0000 0000H direction direction
0000 0001H
Program space
Figure 3-6 Wrap-around of program space
Caution No instruction can be fetched from the 4 KB area of 03FF FO00y to
03FF FFFFy because this area is defined as peripheral I/O area. Therefore, do
not execute any branch to this area.
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3.5

3.5.1

O

()

After reset

Memory

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

Memory areas

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

¢ Internal VDB RAM area

e External memory area

¢ Internal fixed peripheral I/O area

e Programmable peripheral I/O area

The areas are briefly described below.

Internal VFB flash areas

The 1 MB area between addresses 0000 0000 and 001F FFFFy is provided

as the internal flash area and is accessible via the VFB (V850 Fetch Bus). It
cannot be used for access to external memory.

Internal VDB RAM area

The internal VDB RAM consists of several separated RAM blocks. If a reset
occurs while writing to one RAM block, only the contents of that RAM block
may be corrupted. The contents of the other RAM blocks remain unaffected.

Table 3-11 summarizes the VDB (V850 Data Bus) RAM blocks compilation and
their address assignment.

Table 3-11 Internal VDB RAM areas

Block

Number Size Address

0 8 KB 03FF 0000y — 03FF 1FFF4

1 8 KB 03FF 2000y — 03FF 3FFF4

2 8 KB 03FF 4000y — 03FF 5FFF

3 8 KB 03FF 6000y — 03FF 7FFF4

4 8 KB 03FF 8000 — 03FF 9FFF

5 8 KB 03FF 4A000y — 03FF BFFF

6 8 KB 03FF C000y — 03FF DFFFy

7 4 KB 03FF EO00y — 03FF EFFFy4
Note that the internal firmware, which is processed after reset, uses some
RAM (refer to “General reset performance” on page 758).
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(3) External memory area (WPD70F3419 only)
All address areas that do not address any internal memory or peripheral 1/0
registers can be used as external memory area.
Access to the external memory area uses the chip select (CS) signals
assigned to each memory area.
For access to external memory, see “Bus and Memory Control (BCU, MEMC)*“
on page 255.
The internal memory of the CPU provides several areas:
¢ Internal VFB flash area for flash memory devices
¢ Internal VFB OTF area for OTF devices
¢ Internal VDB RAM area
¢ |Internal VSB flash area
¢ Internal VSB RAM area
e External memory area
* Internal fixed peripheral I/O area
¢ Programmable peripheral I/O area
The areas are briefly described below.
(4) Internal VFB flash/OTF areas
Table 3-12 summarizes the size and addresses of the flash memories, which
are accessible via the VFB (V850 Fetch Bus).
Table 3-12 VFB flash and OTF memory
Device Flash OTF Address range
pPD70F3420 (OTF) | — 128 KB 0000 0000y to 0001 FFFFy
WPD70F3421 (OTF) |- 256 KB 0000 0000y to 0003 FFFFy
pPD70F3421 256 KB - 0000 0000y to 0003 FFFFy
pPD70F3422 (OTF) |- 384 KB 0000 0000y to 0005 FFFFy
pPD70F3422 384 KB - 0000 0000y to 0005 FFFFy
pPD70F3423 512 KB - 0000 0000y to 0007 FFFFy
pPD70F3424 512 KB - 0000 0000y to 0007 FFFFy
HPD70F3425 1MB - 0000 0000y to 000F FFFFy,
pPD70F3426 1 MB - 0000 0000y to 000F FFFFy
pPD70F3427 1 MB - 0000 0000 to 000F FFFFy
(5) Internal VDB RAM area

After reset

The internal VDB RAM consists of several separated RAM blocks. If a reset
occurs while writing to one RAM block, only the contents of that RAM block
may be corrupted. The contents of the other RAM blocks remain unaffected.

Table 3-17 summarizes the VDB (V850 Data Bus) RAM blocks compilation and
their address assignment.
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Table 3-13

(6)

Table 3-14

@

Table 3-15

Internal VDB RAM areas

Device

RAM size

Block

Number | Size

Address

pPD70F3420 (OTF)

6 KB

0 4 KB

03FF 0000y — 03FF OFFFy,

1 2KB

03FF 1000y — 03FF 17FFy

HPD70F3421
UPD70F3421 (OTF)

12 KB

0 4 KB

O03FF 0000y — 03FF OFFF

1 8 KB

03FF 1000, — 03FF 2FFF,

HPD70F3422
HPD70F3422 (OTF)
HPD70F3423

20 KB

0 8 KB

03FF 0000y — 03FF 1FFFy

—_

8 KB

03FF 2000 — 03FF 3FFFy

4 KB

03FF 4000y, — 03FF 4FFF,

pPD70F3424

24 KB

8 KB

ol

03FF 0000y — 03FF 1FFFy

—_

8 KB

O03FF 2000 — 03FF 3FFFy

8 KB

03FF 4000, — 03FF 5FFF,

pPD70F34252

32 KB

ol N

16 KB

03FF 0000y — 03FF 3FFFy

—_

16 KB

O03FF 4000y — 03FF 7FFFy

HPD70F3426
HPD70F3427

60 KB

0 16 KB

03FF 0000y — 03FF 3FFFy,

1 16 KB

03FF 40004 — 03FF 7FFFy

16 KB

03FF 8000y — 03FF BFFFy

12 KB

03FF C000, — 03FF EFFF

3)  The yPD70F3425's 32 KB RAM area 03FF 0000y to 03FF 7FFFy is mirrored to
the subsequent area 03FF 8000y to 03FF FFFFy. Since the upper 4 KB
03FF FO00y to 03FF FFFFy is used to access the fixed peripheral I/O area, the

RAM mirror must not be used to access the RAM.

Note that the internal firmware, which is processed after reset, uses some
RAM (refer to “General reset performance” on page 758).

Internal VSB flash area (WPD70F3426 only)
The yPD70F3426 provides additional flash memory, accessible via the VSB

(V850 System Bus).

Internal VSB flash memory

Device

Flash size

Address range

HPD70F3426

1 MB

0010 0000y to 001F FFFFy

Internal VSB RAM area (WPD70F3426 only)
The pPD70F3426 provides additional RAM, accessible via the VSB (V850

System Bus).

Internal VSB RAM

Device

RAM size

Block

Number | Size

Address

HPD70F3426

16 KB

0 12 KB

0060 0000y — 0060 2FFF

1 4 KB

0060 3000 — 0060 3FFFy
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(8) External memory area (WPD70F3427 only)

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

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

For access to external memory, see “Bus and Memory Control (BCU, MEMC)*“
on page 258.

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

* Internal VDB RAM area

* Internal VSB flash area

* Internal VSB RAM area

¢ External memory area

* Internal fixed peripheral I/O area

¢ Programmable peripheral I/O area

The areas are briefly described below.

(9) Internal VFB flash areas

Table 3-16 summarizes the size and addresses of the flash memories, which
are accessible via the VFB (V850 Fetch Bus).

Table 3-16 VFB flash memory

Device Flash Address range

puPD70F3421 256 KB 0000 00004 to 0003 FFFFy
pPD70F3422 384 KB 0000 00004 to 0005 FFFF
pPD70F3423 512 KB 0000 0000y to 0007 FFFFy
puPD70F3424 512 KB 0000 0000y to 0007 FFFFy
pPD70F3425 1 MB 0000 0000y to 000F FFFFy
pPD70F3426A 1 MB 0000 00004 to 000F FFFFy
uPD70F3427 1 MB 0000 00004 to 000F FFFFy

(10) Internal VDB RAM area

After reset The internal VDB RAM consists of several separated RAM blocks. If a reset
occurs while writing to one RAM block, only the contents of that RAM block
may be corrupted. The contents of the other RAM blocks remain unaffected.

Table 3-17 summarizes the VDB (V850 Data Bus) RAM blocks compilation and
their address assignment.
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Table 3-17 Internal VDB RAM areas
Device RAM size Block
Number | Size Address
pPD70F3421 12 KB 0 4 KB 03FF 0000y — 03FF OFFFy
1 8 KB 03FF 1000y — 03FF 2FFF4
pPD70F3422 |20 KB 0 8 KB 03FF 0000y — 03FF 1FFFy4
1 8 KB 03FF 2000 — 03FF 3FFFy
2 4 KB 03FF 4000 — 03FF 4FFF4
pPD70F3423 |20 KB 0 8 KB 03FF 0000y — 03FF 1FFFy4
1 8 KB 03FF 2000 — 03FF 3FFFy
2 4 KB 03FF 4000 — 03FF 4FFF4
pPD70F3424 |24 KB 0 8 KB 03FF 0000y — 03FF 1FFFy4
1 8 KB 03FF 2000 — 03FF 3FFFy
2 8 KB 03FF 4000 — 03FF 5FFF4
puPD70F34252 | 32 KB 0 16 KB 03FF 0000y — 03FF 3FFF4
1 16 KB | 03FF 4000 — 03FF 7FFFy
pPD70F3426A | 60 KB 0 16 KB 03FF 0000y — 03FF 3FFF4
WPD70F3427 1 16 KB | 03FF 4000y — 03FF 7FFFy,
2 16 KB | O3FF 8000, — 03FF BFFFy
3 12 KB 03FF C000y — 03FF EFFFy
) The yPD70F3425's 32 KB RAM area 03FF 0000y to 03FF 7FFFy is mirrored to
the subsequent area 03FF 8000y to 03FF FFFFy. Since the upper 4 KB
03FF FO00y to 03FF FFFFy is used to access the fixed peripheral I/O area, the
RAM mirror must not be used to access the RAM.
Note that the internal firmware, which is processed after reset, uses some
RAM (refer to “General reset performance” on page 758).
(11) Internal VSB flash area (WPD70F3426A only)
The yPD70F3426A provides additional flash memory, accessible via the VSB
(V850 System Bus).
Table 3-18 Internal VSB flash memory
Device Flash size | Address range
pPD70F3426A | 1 MB 0010 0000y to 001F FFFFy
(12) Internal VSB RAM area (UPD70F3426A only)
The yPD70F3426A provides additional RAM, accessible via the VSB (V850
System Bus).
Table 3-19 Internal VSB RAM
Block
Device RAM size
Number | Size Address
pPD70F3426A | 24 KB 0 12 KB 0060 0000y — 0060 2FFFy
1 12 KB 0060 30004 — 0060 5FFF
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(13) External memory area (WPD70F3427 only)

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

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

For access to external memory, see “Bus and Memory Control (BCU, MEMC)*
on page 258.

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

* Internal VDB RAM area

* Internal fixed peripheral I/O area

* Programmable peripheral I/O area

The areas are briefly described below.

(14) Internal VFB flash areas

The internal VFB ROM and flash areas are listed in the below table.

Table 3-20 VFB flash memory

Device Flash Address range
pPD70F3416 128 KB 0000 0000y to 0001 FFFFy
pPD70F3417 256 KB 0000 0000y to 0003 FFFFy

(15) Internal VDB RAM area

The internal VDB RAM areas are listed in the below table.

Table 3-21 Internal VDB RAM areas

Device RAM size Address
pPD70F3416 6 KB 03FF 0000y — O3FF 17FFy
uPD70F3417 12 KB 03FF 0000y — O3FF 2FFFy

Note that the internal firmware, which is processed after reset, uses some
RAM (refer to “General reset performance” on page 758).
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3.5.2

Note

Caution

M

Fixed peripheral I/O area

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

as the 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 the peripheral I/O area:
» All registers of peripheral functions

* Registers of timers

» Configuration registers of interrupt and bus controllers

¢ Configuration registers of the clock controller

For a list of all peripheral I/O registers, see “Special Function Registers”on
page 775.

1. Because the physical address space covers 64 MB, the address bits
A[31:26] are not considered. Thus, this address space can also be
addressed via the area FFFF 00004 to FFFF FFFFy. This has the
advantage that the area can be indirectly addressed by an offset and the
zero base 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 FOOO4 to

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

2. The fixed peripheral I/O area is mirrored to the upper 4 KB of the
programmable peripheral /0 area PPA - regardless of the base address of
the 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.

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

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

Programmable peripheral I/O area

A 16 KB area is provided as a programmable peripheral I/0O area (PPA). The
PPA can be freely located. The base address of the programmable peripheral
I/0 area is specified by the initialization of the peripheral area selection control
register (BPC).

See “Bus and Memory Control (BCU, MEMC)“ on page 258 for details.
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3.5.3 Recommended use of data address space

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

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

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

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

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

addressing.

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

0000 7FFFH |
Intern(a11| 'f\lllag)h area| aokp
(r0=)0000 0000H
Fixed
peripheral I/O area
FFFF F0O00H (4 KB)
Internal RAM area
(28 KB)
FFFF 8000H |
FFFF 7FFFH
Internal RAM area
(32 KB)
FFFF 0000H
Figure 3-7 Example application of wrap-around
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3.6 Write Protected Registers

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

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

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.

For some registers, incorrect store operations can be checked by a flag of the

corresponding status register. This is also marked in the table below.

Table 3-22 Overview of write protected registers

Write protected register | Shortcut Correspondln_g write Shortcut Sta_ltus For details see
enable register register

Clock control register CKC Peripheral command PHCMD PHS “Clock

Watchdog timer clock WCC register Gener1a0tgr on

control register page

Processor clock control PCC

register

Watch Timer clock control | TCC

register

SPCLK control register SCC

FOUTCLK control register | FCC

[2C clock control register ICC

Main oscillator clock CLMM Main oscillator clock PRCMDCM | — “Clock

monitor mode register monitor command M Generator”on

protection register page 100
Sub oscillator clock monitor | CLMS Sub oscillator clock PRCMDCMS
mode register monitor command
protection register

Power save control register | PSC Command register PRCMD - “Clock
Generator”on
page 100

Self-programming enable SELFEN | Sequence protect SELFENP - “Flash

control register register Memory*“ on
page 164

Watchdog timer frequency | WDCS Watchdog timer security | WCMD WPHS “Watchdog

select register register Timer (WDT)"

Watchdog timer mode WDTM on page 395

register

N-Wire security disable RSUDISC | RSUDISC write RSUDISCP |- “On-Chip

control register protection register Debug Unit“on
page 930
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Example

Note

Interrupts

Start the Watchdog Timer

The following example shows how to write to the write protected register
WDTM. The example starts the Watchdog Timer.

do {
_WPRERR = 0;

DI();
WCMD
WDTM
EI();

0x5A;
0x80;

} while (_WPRERR != 0)

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

2. Special care must be taken when writing to registers PCS and PRCMD.
Please refer to “Clock Generator“ on page 100 for details.

Since any action between writing to a write enable register and writing to a
protected register destroys this sequence, the effects of interrupts transfers
have to be considered:

In order to prevent any maskable interrupt to be acknowledged between the
two write instructions in question, shield this sequence by DI - El (disable
interrupt - enable interrupt).

However, any non-maskable interrupt can still be acknowledged.

The above examples checks WPHS.WPRERR for that purposes and repeats
the sequence until the write to WDTM was successful.
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3.7

Instruction
execution

Instructions and Data Access Times

The below Table 3-23 and Table 3-24 list the instruction execution and data
access cycles, required when accessing instructions or data in VFB flash and
VDB RAM.

The access time depends on the

* memory type (flash, RAM) and access bus (VFB, VDB)
e number of latency cycles for the memory type

¢ type of data (instructions/data)

¢ type of access (consecutive/random addresses)

* device, i.e. maximum clock frequency

In general the CPU is able to execute most instructions in one clock cycle
(single-cycle instructions), provided no additional clock cycles are required to
access the memory.

Note that for some instructions the CPU requires more clock cycles to execute
anyway (multi-cycle instructions), regardless of the memory access time.

The memory access time in a real application is deterministic, but can hardly
be predicted, as this heavily depends on the status of the microcontroller and
its components, the program flow and concurrent processes, like interrupts,
accesses to peripheral registers via the NPB, etc.

Thus the figures in the below tables assume

* all busses (VFB, VDB, NPB) are not occupied, i.e. collision with other bus
traffic is excluded

* 32-bit instruction/data accesses to word-aligned - that means 32-bit
aligned - addresses

¢ data is not accessed via the same bus as the instruction is fetched from

Consequently “1 clock cycle” means: the instruction/data access takes one
CPU clock cycle and the CPU is supplied with an instruction/data in each
clock: the memory access time is invisible and has no effect.

The given numbers of cycles in Table 3-23 describe the time required to

execute a single-cycle instruction, fetched from the respective memory:

¢ Consecutive access
describes the number of cycles required to fetch instructions from the
memory on consecutive addresses.

¢ Random access
describes the number of cycles required to access the memory in case
instructions are accessed on random, i.e. non-consecutive, addresses. In
case of instruction flow branches a CPU’s pipeline break occurs and an
additional cycle is required to refill the pipeline. The table figures include
this cycle.

In case instructions and data are accessed via the same bus, all accesses -
instruction fetch and data access - are regarded as random accesses.
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Table 3-23 Single-cycle instructions execution times in CPU clock cycles

Memory Access type tﬁg;g::g:}g
VFB flash Consecutive 1

Random 18
VDB RAM Consecutive 1

Random 18

) These values include the additional clock cycle, caused by the CPU’s pipeline

break

Data access The given numbers of cycles in Table 3-24 describe the time additionally
required when an instruction accesses data in the respective memory.

Note that data accesses are always random accesses.

Table 3-24 Additional time for data accesses in CPU clock cycles

Data access memor Instruction code fetch 1LPD70F3416
Y | bus HPD70F3417
VFB flash VFB 1
VDB RAM VFB 0
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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 with external crystal and a nominal
frequency of 4 MHz

* Sub oscillator - a built-in oscillator with external crystal and a nominal
frequency of 32 kHz

¢ Internal oscillator - an internal oscillator without external components and a
nominal frequency of 240 kHz

Features summary Special features of the clock generator are:
¢ Choice of oscillators to reduce power consumption in stand-by mode
¢ Frequency multiplication by two PLL synthesizers:
— Fixed frequency PLL for accurate timings
— Spread spectrum PLL (SSCG) for reduced electromagnetic interference
¢ Individual clock source selection for CPU and groups of peripherals
* Five specific power save modes:
HALT mode
IDLE mode
WATCH mode
Sub-WATCH mode
STOP mode
¢ Vital system registers are write-protected by a special write sequence

¢ Direct main oscillator clock feed-through for watch clock correction support

¢ Separate clock monitors for main and sub oscillator to detect oscillator
malfunction
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4.1.1 Description
The clock generator is built up as illustrated in the following figure.
CKC.SCEN PCC.CKS[1:0]
CKC.PLLEN
| PCC.CLS
PLLCLK
PCC.MFRC PLL 4@ CPUS
1 -Standb VBCLK
X1© MainOSC MOCLK | x8 Y
x2©® 4 MHz
SSCG SSCCLK
t/n 0 Standby PCLKO | AFCAN
~200 KHz SCFC0,SCFC1,SCFMC SCPS.VBSPSI20] okerERIG csiB
0 T™Z
XT1® B SBOLK 4-—> PRSO 2, pcLk2
PCC.SOSCP P weT
PCC.FRC \CCIIC‘,SELO » PCLK15 SG
SOCLK
0 E] Standby IICLK Ic
12 n=1/3.5/4.5
ICC.ICSEL ICC.IICPS[2:0] .
fsscaPs h Standby SPCLKO | Stepper C/D
1 SPCLK1
B ™G
P Standby PRSI Hff sPcLk2 | CSIB
2", SPCLK3
.............. LCD C/D
SCC.SPSEL1 SCC.SPSELO /213
= spcLKi5 | ADC
W FCC.FOCS[2:0]
—:I; n=1,2,4,8,16,32,64,128
FCC.FOEN
FCCFOSOS FCC.FOCKS][1:0]
TCC.WTSOS »
TOGWTSELO » LCDCLK | LCD C/D
n=1,2,4,8,16,32,64,128
|_| 1 » WTCLK | Watch Timer
1/n I’V) v
TCC.WTSEL1
TCC.WTPS[2:0]
b » woToLk | Watchdog
n=1,2,4,8,16,32,64,128 Timer
wcc.soscw  |WCC.WDTSELO WCC.WPS[2:0]
WCC.WDTSEL1 n~ [ Watch |
» WCTCLK | Calibration
PCLK1 0 Timer
PSM.CMODE
Figure 4-1 Block diagram of the Clock Generator

PLL

SSCG

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

The integrated PLL synthesizer multiplies the frequency of the main oscillator
by eight. This yields a frequency of 32 MHz. The CPU can use the PLL output
directly. The output frequency of the PLL divided by two can supply the
peripherals of the microcontroller and also the CPU.

The spread spectrum clock generator (SSCG) can generate a frequency-
modulated clock (modulation frequency and width can be chosen) that helps to
eliminate electromagnetic interference (EMI). The SSCG includes a
programmable frequency multiplier/divider that can multiply the frequency of

the main oscillator by up to 16.

The SSCG can supply the CPU system and some of the peripherals.
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1)

Table 4-1

()

PCLK clocks

SPCLK clocks

IICLK clock

CPU clocks

The CPU can be clocked directly by any of the oscillators, or by the output of
one of the PLLs.

The following table gives an overview of the available CPU clocks.

Clock sources and frequencies for the CPU

Clock source

Frequency

Description

Ring osc

~240 KHz

Default clock source after reset release. Selectable as
clock source for Sub-WATCH mode release.

Sub osc

32 KHz

Selectable as clock source for Sub-WATCH mode
release.

Main osc

4 MHz

Always selected after power save mode release except
on Sub-WATCH mode release or default clock setting.?
On Sub-WATCH mode release or default clock setting,
main or sub oscillator can be selected.

PLL

16 MHz

frmain x 8/2° can be selected for CPU clock supply.

SSCG

8 MHz®

frain x 12/69 can be selected for CPU clock supply.

12 MHZz°

fmain X 12/49 can be selected for CPU clock supply.

16 MHz®

foain x 12/39 can be selected for CPU clock supply.

24 MHz¢

frain x 12/29 can be selected for CPU clock supply.

a) See also “CPU operation after power save mode release” on page 157

Multiplication is performed by the PLL, the division by the PLL post scaler.

©) Center output frequency of the SSCG, can be modulated up to +/- 5%.
d) Multiplication is performed by the SSCG, the division by the SSCG post scaler.

Peripheral clocks

The right-hand side of Figure 4-1 on page 101 shows how the clocks for the
peripheral modules are generated and distributed.

Peripherals that require precise timings are connected to PCLKn signals.

Such peripherals are the CAN controllers, the UARTS, the Timers Z and P, and
the clocked serial interfaces CSIB. The Watch Calibration Timer WCT can be
connected to PCLK1 or directly to the main oscillator.

The clocks PCLKO...1 can be derived from the main oscillator or the PLL
output. The PCLK2...15 clocks are always derived from the main oscillator.

Peripherals that tolerate or demand a spread spectrum clock (like PWM output
timers) are connected to SPCLKn signals.

Such peripherals are the Stepper Motor Controller/Driver, the Timers G and Y,
the sound generator, the clocked serial interfaces CSIB (CSIB can also be
connected to a PCLK), the LCD Bus I/F and Controller/Driver, and the A/D

converter.

The clocks SPCLKO...1 can be derived from the main oscillator, the SSCG, or
the PLL. The SPCLK2...15 clocks can be derived from the main oscillator or

the SSCG.

The clock IICLK for the I2C interface has it's own programmable frequency
divider. The clock source can be chosen from the PLL, SSCG or main

oscillator.
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)

LCDCLK

WTCLK

WCTCLK

FOUTCLK

WDTCLK

4)

4.1.2

Special clocks

The figure shows also some special clock signals. These are dedicated clocks
for the LCD controller/driver, Watch Timer, Watchdog Timer, and Watch
Calibration Timer. These clocks are directly derived from the oscillators and
bypass the PLLs.

The LCD Controller/Driver can be clocked by SPCLK7, SPCLK9, or LCDCLK.

This is the clock for the Watch Timer. It forms the time base for updating the
internal bookkeeping of daytime and calendar.

Note that LCDCLK and WTCLK have a common source and a fixed frequency
ratio (1/1 or 1/2).

This is the clock for the Watch Calibration Timer WCT. The WCT is used in
conjunction with the Watch Timer for calibrating the time base during power
save modes by utilizing the main oscillator as the stable clock source.
WCTCLK can also be derived from PCLK1.

FOUTCLK is a clock signal that can be used for external devices. It is
connected to the pin FOUT and can provide almost any of the internal clock
frequencies (not phase-synchronized). FOUTCLK must be enabled before it
can be used.

This is the clock for the Watchdog Timer that is used for recovering from a
system deadlock. WDTCLK is available (and hence the Watchdog Timer
running) as long as the chosen clock source is active. Optionally WDTCLK can
be stopped during a power save mode.

Stand-by control

In the block diagram, you find also boxes labelled “Standby”. These boxes
symbolize the switches that are used to disable circuits when the
microcontroller enters one of the various power save modes.

The following clocks are subject to automatic stand-by control:
CPU system clock, PCLK, SPCLK, IICLK, optionally WDTCLK.

The following clocks can be operating during power save modes (stand-by) as
long as their clock oscillator source is available:

FOUTCLK, LCDCLK, WTCLK, WCTCLK, optionally WDTCLK.

Clock monitors

The microcontroller contains clock monitors to monitor the operation of the 4
MHz main oscillator and the 32 KHz sub oscillator. In case of malfunction,
these monitors can generate a system reset.

The monitors require that the built-in internal oscillator is active. For details see
“Operation of the Clock Monitors“ on page 162.
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4.1.3

HALT mode

IDLE mode

WATCH mode

Sub-WATCH mode

Power save modes overview

The microcontroller provides the following stand-by modes: HALT, IDLE,
WATCH, Sub-WATCH, and STOP. Application systems which are designed in a
way that they switch between these modes according to operation purposes,
reduce power consumption efficiently.

The following explanations provide a general overview and refer to the default
settings. Some settings can be changed, for example the activity of the watch
and watchdog clocks and hence the connected timers.

For details, please refer to “Power save modes description”on page 141 and
the register descriptions.

In this mode, the clock supply to the CPU is suspended while other on-chip
peripherals continue to operate. Combining this mode with the normal
operating mode results in intermittent operation and reduces the overall
system power consumption.

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

In this mode, the clock distribution is stopped and hence the whole system.
The oscillators, Clock Generator (PLL, SSCG, frequency multipliers, dividers),
Watch Timer, and Watchdog Timer remain operating.

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 or PLLs to
settle.

This mode provides low power consumption. Power is only consumed by the
oscillators (main oscillator, sub oscillator), Clock Generator (PLL and SSCG),
and Watch Timer / Watchdog Timer.

In this mode, the Clock Generator (PLL and SSCG) stops operation.
Therefore, the entire system except Watch Timer / Watchdog Timer stops.

This mode provides low power consumption. Power is only consumed by the
oscillators (main oscillator, sub oscillator), and the Watch Timer / Watchdog
Timer circuits.

In this mode, not only the Clock Generator is stopped but also the main
oscillator. Watch Timer / Watchdog Timer are switched to the sub or internal
oscillator. Therefore, the entire system except Watch Timer / Watchdog Timer
stops.

This mode provides very low power consumption. Power is only consumed by
the sub oscillator and Watch Timer / Watchdog Timer circuits.

STOP mode In this mode, the entire system stops.
This mode provides ultra-low power consumption. Power is only consumed by
leakage current and the sub oscillator (if a crystal is connected).
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41.4

Note

Start conditions

After any reset release, the internal oscillator is always selected as the clock
source. The oscillation stabilization time for the internal oscillator is ensured by
hardware. The CPU clock VBCLK is derived from the internal oscillator.

Several clocks are operating based on the internal oscillator clock after reset.
As soon as the main oscillator, which is started by the internal firmware, is
stable the source of these clocks is automatically changed to the main
oscillator. Therefore depending on the firmware operation and the main
oscillator stabilization time these clocks may already be operating with the
main oscillator, when the user’s program is started.

Internal firmware starts the main oscillator. PLL and SSCG remain stopped.
When the firmware passes control to the application software, software has to
ensure that the main oscillator has stabilized and to start the PLL and SSCG.
Clock supply for most peripherals is not available unless the main oscillator
operates.

CPU access to peripherals that have no clock supply may cause system
deadlock.

Table 4-2 Clock Generator status after reset release

Item Status Remarks

Main oscillator stopped started by internal firmware

Sub oscillator operates

Internal oscillator operates

SSCG stopped

PLL stopped

VBCLK (CPU system) operates based on internal oscillator clock

IICLK operates based on internal/main oscillator clock?

PCLKO, PCLK1 operates based on internal/main oscillator clock?

PCLK2...PCLK15 operates based on internal/main oscillator clock?

SPCLKO, SPCLK1 operates based on internal/main oscillator clock?

SPCLK2...SPCLK15 operates based on internal/main oscillator clock?

FOUTCLK operates based on internal/main oscillator clock?

LCDCLK /WTCLK operatesb based on internal/main oscillator clock?

WDTCLK operates based on internal/main oscillator clock?®

WCTCLK operates based on internal/main oscillator clock?

a) Starts with internal oscillator, automatically changed to main oscillator, when main
oscillator stable.

If the reset was caused by Power-On Clear (POC) or external RESET, the clock
source for LCDCLK and WTCLK is set to internal oscillator. If the reset was caused
by a different source, the clock selection for LCDCLK / WTCLK remains un-
changed.

b)
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4.1.5 Start-up guideline

After reset release, the internal firmware starts the main oscillator, but hands

over control to the user’s software without ensuring that the main oscillator has

stabilized.

After that, the user’s software will typically:

1. Ensure that the main oscillator has stabilized (check CGSTAT.OSCSTAT).

2. Switch the source of LCDCLK/WTCLK and WDTCLK to main oscillator (if
desired).

3. Start the PLL (set CKC.PLLEN) and wait until the PLL has stabilized (refer
to the Data Sheet).

4. If the SSCG is going to be used:
Write SSCG registers to set up the SSCG. This is only possible when the
SSCG is switched off.
Start the SSCG (set CKC.SCEN) and wait until the SSCG has stabilized
(refer to the Data Sheet).

5. Write the PCC register to specify the SSCG as the clock source for the
CPU.

6. Set up the clock sources for the peripherals according to application
requirements.

7. The default value of following registers must be changed after reset:
— ADAOM1.bit7 = 1 (refer to “ADC Registers” on page 689)
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4.2

Clock Generator Registers

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

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

Table 4-3 Clock Generator register overview
Register name Shortcut Address z\;ri::;?;?;fﬂed
PSC write protection register PRCMD FFFF F1FCy
Power save control register PSC FFFF F1FEy PRCMD
Stand-by control register STBCTL FFFF FCA2y STBCTLP
Stand-by control protection register STBCTLP FFFF FCAAL
Sub oscillator clock monitor control register CLMCS FFFF F71A4
Command protection register PHCMD FFFF F800y
Peripheral status register PHS FFFF F802y
Power save mode register PSM FFFF F820y
Clock Generator control register CKC FFFF F822y PHCMD
Clock Generator status register CGSTAT FFFF F824
Watchdog timer clock control register WCC FFFF F826y PHCMD
Processor clock control register PCC FFFF F828y PHCMD
SSCG Frequency modulation control register SCFMC FFFF F82Ay
SSCG Frequency control 0 register SCFCO FFFF F82Ch
SSCG Frequency control 1 register SCFCA1 FFFF F82Ey
SSCG post scaler control register SCPS FFFF F830y
SPCLK control register SCC FFFF F832y PHCMD
FOUTCLK control register FCC FFFF F834y PHCMD
Watch Timer clock control register TCC FFFF F836y PHCMD
[IC clock control register ICC FFFF F838y PHCMD
Set default clock register SDC FFFF F83Ch PHCMD
Main oscillator clock monitor mode register CLMM FFFF F870y4 PRCMDCMM
Sub oscillator clock monitor mode register CLMS FFFF F878y PRCMDCMS
CLMM write protection register PRCMDCMM FFFF FCBOy
CLMS write protection register PRCMDCMS FFFF FCB2y

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.

Writing to a protected register is only possible immediately after writing to the
associated write protection register.

RO1UHO0027ED0410 Rev. 4.10
User Manual

RENESAS

107



Chapter 4 Clock Generator

The subsequent register descriptions are grouped as follows:
* General Clock Generator Registers:
— “CKC - Clock Generator control register” on page 109
— “CGSTAT - Clock Generator status register” on page 110
— “PHCMD - Command protection register” on page 111
— “PHS - Peripheral status register” on page 112
— “PCC - Processor clock control register” on page 113
— “SDC - Set default clock register” on page 115
* SSCG Control Registers:
— “SCFCO - SSCG frequency control register 0“ on page 117
— “SCFC1 - SSCG frequency control register 1“on page 118
— “SCFMC - SSCG frequency modulation control register” on page 119
— “SCPS - SSCG post scaler control register” on page 121
* Control Registers for Peripheral Clocks:
— “WCC - Watchdog Timer clock control register” on page 122
— “TCC - Watch Timer clock control register” on page 124
— “SCC - SPCLK control register” on page 126
— “FCC - FOUTCLK control register”on page 127
— “ICC - lIC clock control register” on page 129
¢ Control Registers for Power Save Modes:
— “PSM - Power save mode register” on page 130
— “PSC - Power save control register” on page 133
— “PRCMD - PSC write protection register” on page 134
— “STBCTL- Stand-by control register” on page 135
— “STBCTLP - Stand-by control protection register” on page 135
¢ Clock Monitor Registers:
— “CLMM - Main oscillator clock monitor mode register” on page 136
— “PRCMDCMM - CLMM write protection register” on page 137
— “CLMS - Sub oscillator clock monitor register” on page 138
— “PRCMDCMS - CLMS write protection register” on page 139
— “CLMCS - Sub oscillator clock monitor control register” on page 140
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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) CKC - Clock Generator control register
The 8-bit CKC register controls the clock management.

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

Writing to this register is protected by a special sequence of instructions.
Please refer to “PHCMD - Command protection register” on page 111 for
details.

Address FFFF F822.

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

7 6 5 4 3 2 1 0
| PLLEN \ SCEN \ DEN \ 0 \ PERIC | 0 0 0
R/W R/W R/W Ra R/W Ra Ra Ra

) These bits may be written, but write is ignored.

Table 4-4 CKC register contents

Bit position Bit name Function
7 PLLEN? PLL enable:
0: PLL disabled.
1: PLL on.
It is not possible to clear this bit by writing to the register. The bit is automatically
cleared in WATCH, Sub-WATCH, or STOP mode, or if bit SDC.SDCR is set to 1.
6 SCEN? SSCG enable:
0: SSCG disabled.
1: SSCG on.
It is not possible to clear this bit by writing to the register. The bit is automatically
cleared in WATCH, Sub-WATCH, or STOP mode, or if bit SDC.SDCR is set to 1.
5 DEN SSCG dithering mode enable:
0: SSCG uses fixed multiplication factor determined by SCFC0, SCFC1
1: SSCG is in dithering mode. The base frequency, determined by the registers
SCFCO0, SCFC1, is modulated according to the setup of register SCFMC.
DEN must not be toggled while SCEN is 1.
3 PERIC Clock source selection for PCLK0/1:
0: Main oscillator is clock source for peripheral clocks PCLKO, PCLK1.
1: PLL (x4) is clock source for peripheral clocks PCLKO, PCLK1.
This bit is automatically cleared in WATCH, Sub-WATCH, or STOP mode, or if bit
SDC.SDCRis setto 1.

a) Before enabling PLLEN or SCEN, make sure that the main oscillator is running and has settled (see also CG-
STAT register). The CPU must operate on the sub, internal or main oscillator clock when setting PLLEN or
SCEN to 1. Before selecting the SSCG / PLL outputs as clock sources for peripherals, ensure by software that
the SSCG / PLL stabilization time has elapsed.The stabilization times are defined in the Data Sheet.
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()

CGSTAT - Clock Generator status register

The 8-bit CGSTAT register is read-only. It indicates the status of the main
oscillator and the status of the clock generator after wake-up from power save
mode.

Access This register can be read in 8-bit units.
Address FFFF F824.
Initial Value 0000 1101g. The register is initialized by any reset.
7 6 5 4 3 2 1 0
[owes | o [ o | o | 1+ | 1 0SCSTAT 1
R R R R R R R R
Table 4-5 CGSTAT register contents
Bit position Bit name Function
7 CMPLPSM Completed power save mode entry:
0: Power save mode configuration not completed.
1: Power save mode configuration completed.
This bit is cleared when the clock generator has accepted a power save mode
request. However if CGSTAT.CMLPSM was already 0 before a power save mode
request it can not be used as an indicator that the clock generator has accepted
this power save mode request.
This bit is set when the clock generator has completely set up it's power save
mode configuration, i.e. all registers are set up, PLL and SSCG are switched off.
However if CGSTAT.CMLPSM was already 1 before a power save mode request it
can not be used as the only indicator that the clock generator has completed
power save mode configuration.
If the clock generator has not accepted a power save mode request this bit
remains unchanged.
Refer also to ““CPU operation after power save mode release” on page 157".
1 OSCSTAT Main oscillator status indicator (determined by counter):
0: Main oscillator has not settled.
1: Main oscillator has stabilized.
The OSCSTAT flag is cleared whenever the main oscillator is switched to stand-by
mode due to entering the Sub-WATCH or STOP mode.
After the main oscillator is restarted, the oscillation stabilization counter will count
up from 0 to 40.960 (approx. 10ms @ 4 MHz) to assure stable oscillator
operation. When the oscillation stabilization counter reaches 40.960, the counter
is stopped, and the OSCSTAT flag is set.
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(3) PHCMD - Command protection register
The 8-bit PHCMD register is write-only. It is used to protect other registers from
unintended writing.
Access This register must be written in 8-bit units.
Address FFFF F800y.
Initial Value The contents of this register is undefined.
7 6 5 4 3 2 1 0
| X ‘ X ‘ X ‘ X ‘ X | X X X
w w w w w w w w
PHCMD protects the registers that may have a significant influence on the
application system from inadvertent write access, so that the system does not
stop in case of a program hang-up.
Any data written to this register is ignored. Only the write action is monitored.
After writing to the PHCMD register, you are permitted to write once to one of
the protected registers. This must be done immediately after writing to the
PHCMD register. After the second write action, or if the second write action
does not follow immediately, all protected registers are write-locked again.
Caution In case a high level programming language is used, make sure that the
compiler translates the two write instructions to PHCMD and the protected
register into two consecutive assembler “store” instructions.
With this method, the protected registers can only be rewritten in a specific
sequence. lllegal write access to a protected register is inhibited.
The following registers are protected by PHCMD:
— CKC: Clock control register
- FCC: FOUTCLK control register
—1CC: I2C clock control register
- PCC: Processor clock control register
- SCC: SPCLK control register
- TCC: Watch Timer clock control register
—WCC:  Watchdog timer clock control register
—SDC: Set default clock register
An invalid write attempt to one of the above registers sets the error flag
PHS.PRERR. PHS.PRERR is also set, if a write access to PHCMD is not
immediately followed by an access to one of the protected registers.
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(4) PHS - Peripheral status register
The 8-bit PHS register indicates the status of a write attempt to a register
protected by PHCMD (see also “PHCMD - Command protection register” on
page 111).
Access This register can be read/written in 8-bit units.
Address FFFF F8024.
Initial Value 00y. The register is cleared by any reset.
7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 PRERR
R? R3 R3 R? R? R? R? R/W
8)  These bits may be written, but write is ignored.
Table 4-6 PHS register contents

Bit position Bit name Function

0 PRERR

Write error status:
0: Write access was successful.
1: Write access failed.

not possible.

You can clear this register by writing 0 to it. Setting this register to 1 by software is

Note PHS.PRERR is set, if a write access to register PHCMD is not directly followed

by a write access to one of the write-protected registers.
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(5) PCC - Processor clock control register

The 8-bit PCC register controls the CPU clock. This register can be changed
only once after reset or power save mode release.

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

Writing to this register is protected by a special sequence of instructions.
Please refer to “PHCMD - Command protection register” on page 111 for
details.

Address FFFF F828.

Initial Value 10y. The register is initialized by any reset.

7 6 5 4 3 2 1 0
[ FRC | o [MFRC| cLs | o [ soscP | CKst CKS0
R/W R3 R/W R2 Ra R/W R/W R/W

) These bits may be written, but write is ignored.

Table 4-7 PCC register contents (1/2)

Bit position Bit name Function

7 FRC Sub oscillator circuit: Control of internal return resistance
0: Resistor connected.
1: Resistor disconnected.

Set FRC only to 1, if the sub oscillator is not used.

5 MFRC Main oscillator circuit: Control of internal return resistance

0: Resistor connected.

1: Resistor disconnected.
Do not change the initial setting. To ensure correct operation of the main
oscillator, the internal feed-back resistor must remain connected.

4 CLS Processor clock source monitor flag:

0: Main oscillator operation—source can be the output of main oscillator, PLL,
or SSCG (selection through CKS[1:0]). The main oscillator is enabled by the
internal firmware.

1: Sub clock operation: 32 kHz sub or 240kHz internal oscillator (selection
through bit SOSCP). This is the default after reset.

It is not possible to set this bit to 1 by writing to the register.

On Sub-WATCH release, the CLS bit is set to the state of PSM.OSCDIS. This is
the only way to set CLS to 1, which means, the main oscillator remains stopped
and the CPU is supplied with the sub clock chosen by SOSCP.

CLS is automatically cleared when the processor clock source is changed by
writing to PCC.CKSJ[1:0].

If CLS is 1, the bits CKS[1:0] have no meaning.

2 SOSCP Sub clock selection:
0: internal oscillator is used for sub clock operation.
1: sub oscillator is used for sub clock operation.
This setting takes effect when bit CLS is 1.

Caution: Do not specify the sub oscillator, if the sub oscillator is not enabled or
not connected.
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Table 4-7 PCC register contents (2/2)

Bit position

Bit name

Function

1t00

CKS[1:0]

Processor clock connection:

CKS1 CKSo0 Selected clock connection
0 0 Main oscillator
0 1 SSCG
1 0 PLL (main oscillator frequency x4)
1 1

PLL (main oscillator frequency x8)

As long as PCC.CLS = 1 these bits are ignored. For changing the processor clock
source these bits must be written. By this CLS is set to 0 automatically.

Note

Write protection

1.

Switching to an unstable or not available clock is not protected by
hardware. You must monitor the CGSTAT register or count the required
stabilization time by software before switching to make sure not to select
an unstable clock source.

Ensure also that the stabilization times of the PLL and SSCG (refer to the
Data Sheet) have elapsed before using any PLL or SSCG output clock.

Switching to sub clock after Sub-WATCH and WATCH mode release or
writing 1 to SDC.SDCR is monitored in the CLS flag. The CLS flag can not
be changed to 1 by software.

FRC, MFRC and SOSCP are not changed when power save modes are
entered or released.

Write protection of this register is achieved by following both conditions:

¢ The register can be written only once after any reset.

e The register is protected by a special sequence via the PHCMD register.

A fail of a write by the special sequence is reflected by PHS.PRERR = 1.

If a write is correctly performed by the special sequence after the register has
already once been written successfully PHS.PRERR remains 0, though the
write has been ignored.

PHS.PRERR shows violations of the special sequence only. It does not reflect
attempts to write the register more than once after reset or power save mode

wake-up.
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(6) SDC - Set default clock register
The 8-bit SDC register can be used to reset the Clock Generator to default
state. This is the state that is set after power save mode release.
Depending on the flags PSM.OSCDIS and PCC.SOSCP, the main, sub, or
internal oscillator becomes the CPU clock source. Both PLL and SSCG are
disabled, and all CPU and peripheral clock selections as well as the SSCG
setup can be rewritten.
Access This register can be read/written in 8-bit units.
Writing to this register is protected by a special sequence of instructions.
Please refer to “PHCMD - Command protection register” on page 111 for
details.
Address FFFF F83Cy.
Initial Value 00y. The register is cleared by any reset.
7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 SDCR
R? R? R? R? R? R? R? R/W
) These bits may be written, but write is ignored.
Table 4-8 SDC register contents
Bit position Bit name Function
0 SDCR Set default Clock Generator configuration:
0: Normal operation.
1: Establish default clock settings.
The bit SDC.SDCR can be set by writing 1. Clearing SDC.SDCR by writing 0 is
not possible, but is done automatically after default clock settings are completed.
Setting SDC.SDCR has the following effects:
¢ SDC.SDCR remains set until the default clock setting procedure has
finished. After that, it is automatically cleared.
* Depending on the bits PSM.OSCDIS and PCC.SOSCP, either main, sub, or
internal oscillator is chosen as the clock source of the CPU.
¢ CKC.PERIC is cleared—the main oscillator is the clock source for PCLKO0/1.
e SCC.SPSELJ[1:0] is cleared—the main oscillator is the clock source for all
SPCLK clocks.
¢ |CC.IICSEL[1:0] is cleared—the main oscillator is the clock source for IICLK.
¢ CKC.PLLEN and CKC.SCEN are cleared—but PLL and SSCG are not
stopped.
Note 1. For further information concerning default clock setting refer to “Power
save mode activation®on page 154.
2. Aslong as SDC.SDCR is set, do not access any Clock Generator register
except SDC.
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4.2.2

Reconfiguration of
SSCG registers

SSCG control registers

This section describes the registers used for controlling the spread spectrum
Clock Generator SSCG.

For modulating the SSCG output clock it’s dithering mode must be enabled by
CKC.DEN =1.

The SSCG control registers SCFC0, SCFC1 and SCFMC can only be rewritten
with new settings if the SSCG is switched off, i.e. if

» the SSCG is disabled by CKC.SCEN =0

¢ the SSCG is safely switched off after a power save mode wake-up. Refer to
“CPU operation after power save mode release” on page 157 for a
procedure to ensure that the SSCG is switched off after wake-up.

During operation of the SSCG the registers may only be rewritten with the
values, they already have.
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1)

Access

Address

Initial Value

Table 4-9

SCFCO - SSCG frequency control register 0

The 8-bit SCFCO register controls the frequency modulation of the SSCG. It
determines the SSCG output frequency and is used in conjunction with
register SCFC1.

The center SSCG output frequency is fggcge = (4 MHz x N/M) / 2. This
register defines the divisor “m” and thus M =m + 1.

This register can be read/written in 8-bit or 1-bit units.
FFFF F82C.

52y. The register is initialized by any reset.

7 6 5 4 3 2 1 0

0? SCFC06 | SCFC05 | SCFC04 | SCFC03 | SCFC02 | SCFC01 | SCFCO00

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

a) The default value “0” of this bit must not be altered.

SCFCO register contents

Bit position

Bit name Function

6to5

SCFCO0[6:5] Must be set to 01

4103

SCFCO0[4:3] Must be set according to Table 4-10

2to0

SCFCO0[2:0] Determines the divisor m

Note

Frequency
calculation

Table 4-10

1. This register can only be rewritten with a new value if the SSCG is
switched off. Refer to the explanation at the beginning of this section.

2. The initial value of this register must be changed after reset.

If dithering mode is disabled (CKC.DEN = 0) the SSCG outputs its center
frequency fgscae:

fSSCGC = (4 MHz x N/M) /2

where:
e M= m+1=S8SCFC0.SCFCO0[2:0] + 1
¢ N= n+1=SCFC1.SCFC1[6:0] + 1

The values to be written into SCFCO and SCFC1 are restricted. Possible
combinations are:

Supported settings of N (n) and M (m)

fsscamax M (m) N (n) SCFCO SCFC1

48 MHz2 4 (3) 96 (95) 2By DFy

8 The 48 MHz SSCG output frequency has to be divided by the SSCG post scaler.
Thus set SCPS = 21y, for 24 MHz, SCPS = 22, for 16 MHz, SCPS = 23 for
12 MHz or SCPS = 25, for 8 MHz operation.
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(2) SCFC1 - SSCG frequency control register 1

The 8-bit SCFC1 register controls the frequency multiplication of the SSCG. It
determines the SSCG output frequency and is used in conjunction with
register SCFCO.

The center SSCG output frequency is fggcge = (4 MHz x N/M) / 2. This
register defines the factor “n” and thus N=n + 1.

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

Initial Value EBy. The register is initialized by any reset.

7 6 5 4 3 2 1 0
1 SCFC16 | SCFC15 | SCFC14 | SCFC13 | SCFCi12 | SCFCi1 | SCFC10
R/W R/W R/W R/W R/W R/W R/W R/W

Table 4-11 SCFC1 register contents

Bit position Bit name Function
6t00 SCFC1[6:0] | Determines the factor n

Note 1. Bits 7 is setto 1 and must not be changed.

2. This register can only be rewritten with a new value if the SSCG is
switched off. Refer to the explanation at the beginning of this section.
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)

Access
Address

Initial Value

Table 4-12

SCFMC - SSCG frequency modulation control register

The 8-bit SCFMC register controls the frequency modulation of the SSCG in
dithering mode (when CKC.DEN = 1).

This register can be read/written in 8-bit or 1-bit units.
FFFF F82A.

00y. The register is initialized by any reset.

7 6 5 4 3 2 1 0

L o | o [ o

\ SCFMC4 \ SCFMC3 | SCFMC2 | SCFMC1 | SCFMCO

R/wW R/W R/W R/W R/W

SCFMC register contents

Bit position

Bit name

Function

4t02

SCFMC[4:2]

Frequency modulation range control:
SCFMC4 | SCFMC3 | SCFMC2
0 + 0.5 % (typical value

FM range

1 + 1.0 % (typical value

+ 2.0 % (typical value

+ 3.0 % (typical value

-l O]l O|O| O
o| =+| =|O| O

+ 4.0 % (typical value

- O| =] O
— | == |||

—_

0

other settings

+ 5.0 % (typical value
prohibited

1t00

SCFMC[1:0]

Frequency modulation frequency control:
SCFMC1 | SCFMCO
0 0

Modulation frequency

40 kHz (typical value)

0 1 50 kHz (typical value)
1 0 60 kHz (typical value)
1 1 prohibited

Note

1. This register can only be rewritten with a new value if the SSCG is
switched off. Refer to the explanation at the beginning of this section.

2. The given modulation ranges and frequencies are typical values. Refer
also to the Data Sheet.

In dithering mode, the SSCG output frequency fggcg varies according to the
FM range, specified by SCFMC[4:2], around it's center value:
fssca = fsscac + (FM range)

The time of one full cycle is given by the period of the modulation frequency
specified in SCFMCJ1:0].
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Example If:
e SCFCO = 2By, SCFC1 = DFy: center frequency fggcge = 48 MHz

* [SCFMCI4:2]] = 101g: FM range =5 %

e [SCFMCI1:0]] = 01g: modulation frequency = 50 KHz

Then:

¢ The SSCG frequency is swept between about 45.6 MHz and 50.4 MHz.
¢ One sweep cycle takes typically 20 ps.
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(4) SCPS - SSCG post scaler control register

The 8-bit SCPS register controls the two independent SSCG post scalers
(frequency dividers) for the CPU system clock VBCLK and for the modulated
peripheral clocks SPCLK.

Access This register can be read/written in 8-bit or 1-bit units.
Address FFFF F830y.

Initial Value 21y. The register is initialized by any reset.

7 6 5 4 3 2 1 0
0 SPSPS2 | SPSPS1 | SPSPSO 0 VBSPS2 | VBSPS1 | VBSPS0
R/W R/W R/W R/W R/W R/W R/W R/W

Table 4-13 SCPS register contents

Bit position Bit name Function

6to4 SPSPS[2:0] SSCG clock divider selection for generating SPCLKO:
SPSPS2 | SPSPS1 | SPSPS0 | Clock divider setting
0 0 0 SPCLKO = SSCG out frequency / 1
0 0 1 SPCLKO = SSCG out frequency / 2
0 1 0 SPCLKO = SSCG out frequency / 3
0 1 1 SPCLKO = SSCG out frequency / 4
1 0 0 not supported
1 0 1 SPCLKO = SSCG out frequency / 6
1 1 0 not supported
1 1 1 SPCLKO = SSCG out frequency / 8
2t00 VBSPS[2:0] SSCG clock divider selection for generating VBCLK:
VBSPS2 | VBSPS1 | VBSPSO | Clock divider setting
0 0 0 prohibited
0 0 1 VBCLK = SSCG out frequency / 2
0 1 0 VBCLK = SSCG out frequency / 3
0 1 1 VBCLK = SSCG out frequency / 4
1 0 0 not supported
1 0 1 VBCLK = SSCG out frequency / 6
1 1 0 not supported
1 1 1 VBCLK = SSCG out frequency / 8

Note This register can only be written when the SSCG enable bit CKC.SCEN is
cleared (SSCG switched off).
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4.2.3 Control registers for peripheral clocks

This section describes the registers used for specifying the sources and
operation modes for the clocks provided for the on-chip peripherals.

These clocks are the clocks for the Watchdog and Watch Timers, the SPCLKn
clocks, FOUTCLK, and IICLK.

Note Be aware that the WCC register controls not only the generation of the
Watchdog Timer clock. It defines also the run/stop mode of the sub and
internal oscillators when certain power save modes are entered.

(1) WCC - Watchdog Timer clock control register

The 8-bit WCC register controls the Watchdog Timer clock. This register can
be changed only once after any reset.

Writing to this register is protected by a special sequence of instructions.
Please refer to “PHCMD - Command protection register” on page 111 for
details.

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

Address FFFF F826.

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

7 6 5 4 3 2 1 0
|SOSTP \ WPS2 \ WPS1 \ WPS0 \ ROSTP | SOSCW | WDTSEL1 | WDTSELO
R/W R/W R/W R/W R/W R/W R/W R/W

Table 4-14 WCC register contents (1/2)

Bit position Bit name Function

7 SOSTP Sub oscillator STOP mode control
1: Sub oscillator will stop when STOP mode is entered.
0: Sub oscillator will not stop when STOP mode is entered.

6to 4 WPS[2:0] WDT clock divider selection:
WPS2 WPS1 WPSO Clock divider setting
0 0 0 1
0 0 1 1/2
0 1 0 1/4
0 1 1 1/8
1 0 0 1/16
1 0 1 1/32
1 1 0 1/64
1 1 1 1/128
3 ROSTP Internal oscillator stop control:

1: Internal oscillator stops if WATCH, Sub-WATCH or STOP mode is entered
0: Internal oscillator always operates
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Table 4-14 WCC register contents (2/2)

Bit position

Bit name

Function

2,0

SOSCW,
WDTSELO

Watchdog Timer clock source selection:

SOSCW | WDTSELO | WDT clock source

0 0 Internal oscillator

Sub oscillator

1 0
0 1 Main oscillator
1 1 Setting prohibited

By default, the sub oscillator is disabled in STOP mode (see bit SOSTP). If
SOSTP is 1, choose main or internal oscillator before entering STOP mode.

Caution: Do not specify the sub oscillator, if the sub oscillator is not enabled or
not connected.

WDTSELA1

Watchdog Timer clock stand-by control
0: WDTCLK stops in IDLE, WATCH, Sub-WATCH and STOP modes.
1: WDTCLK operates as long as the selected clock source operates.

Note

Write protection

1. For security reasons, the WCC register should always be programmed
after reset, even if the default settings are used.

2. Watch and Watchdog Timer clocks are not gated during the sub oscillator
stabilization period after STOP-mode release. This may generate spikes
on the clock supply of the watch and Watchdog Timers.

Write protection of this register is achieved in two ways:

* The register can be written only once after Power-On-Clear reset or external
RESET.

* The register is protected by a special sequence via the PHCMD register.
A fail of a write by the special sequence is reflected by PHS.PRERR = 1.

If a write is correctly performed by the special sequence after the register has
already once been written successfully PHS.PRERR remains 0, though the
write has been ignored.

PHS.PRERR shows violations of the special sequence only. It does not reflect
attempts to write the register more than once after reset.
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(2) TCC - Watch Timer clock control register

The 8-bit TCC register determines the Watch Timer and LCD controller clock
source and the setting of the associated clock dividers. This register can be
changed only once after Power-On-Clear reset or external RESET.

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

Writing to this register is protected by a special sequence of instructions.
Please refer to “PHCMD - Command protection register” on page 111 for
details.

Address FFFF F836.

Initial Value 004. The register is initialized at power-on and by external RESET.

7 6 5 4 3 2 1 0
0 WTPS2 WTPS1 WTPSO 0 WTSOS | WTSEL1 | WTSELO
R R/W R/W R/W R R/W R/W R/W

) These bits may be written, but write is ignored.

Table 4-15 TCC register contents

Bit position Bit name Function

6to 4 WTPS[2:0] LCDCLK clock divider selection::
WTPS2 | WTPS1 | WTPSO | Clock divider setting

0 0 0 1

0 0 1 1/2

0 1 0 1/4

0 1 1 1/8

1 0 0 1/16

1 0 1 1/32

1 1 0 1/64

1 1 1 1/128
1 WTSEL1 WTCLK (Watch Timer clock) divider setting:

0: WTCLK = LCDCLK.
1: WTCLK = LCDCLK/ 2.

2,0 WTSOS, Clock source for Watch Timer and LCD controller:
WTSELO
WTSOS | WTSELO | Clock source
0 0 Internal oscillator
1 0 Sub oscillator
0 1 Main oscillator
1 1 Setting prohibited

By default, the sub oscillator is disabled in STOP mode (see bit WCC.SOSTP). If
WCC.SOSTP is 1, choose main or internal oscillator before entering STOP mode.

Caution: Do not specify the sub oscillator, if the sub oscillator is not enabled or
not connected.
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Note Only POC and external RESET can clear the TCC register. Only one write

Write protection

access to TCC is allowed after reset release. Once the TCC has been written,
it ignores new write accesses until the next POC or external RESET is issued.

Write protection of this register is achieved in two ways:

e The register can be written only once after Power-On-Clear reset or external
RESET.

* The register is protected by a special sequence via the PHCMD register.
A fail of a write by the special sequence is reflected by PHS.PRERR = 1.

If a write is correctly performed by the special sequence after the register has
already once been written successfully PHS.PRERR remains 0, though the
write has been ignored.

PHS.PRERR shows violations of the special sequence only. It does not reflect
attempts to write the register more than once after reset.
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(8) SCC - SPCLK control register
The 8-bit SCC register selects the SPCLK sources.

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 “PHCMD - Command protection register” on page 111 for
details.

Address FFFF F8324.

Initial Value 00. The register is initialized by entering WATCH, Sub-WATCH, or STOP
mode, or if control bit SDC.SDCR is set.

7 6 5 4 3 2 1 0
0 0 0 0 0 0 SPSELT | SPSELO
R R R R R R R/W R/W

Table 4-16 SCC register contents

Bit position Bit name Function

1t00 SPSEL[1:0] Source selection for generating the SPCLK clocks:
Clock sources
SPSEL1 SPSELO
SPCLKO SPCLK1 SPCLK2
0 0 Main osc Main osc Main osc
0 1 PLL/2 PLL/4 Main osc
1 0 not supported
1 1 SSCGpg SSCGpg/2 SSCGpg/ 4

Note 1. “Main osc” is the clock MOCLK provided by the main oscillator.
2. “PLLis the clock PLLCLK provided by the PLL.

“SSCGpg"” is the clock provided by the SSCG post scaler for SPCLK (see also
“SCPS - SSCG post scaler control register” on page 121).
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(4) FCC - FOUTCLK control register

The 8-bit FCC register configures the output clock FOUTCLK that can be used
for external devices.

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 “PHCMD - Command protection register” on page 111 for
details.

Address FFFF F834.

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

7 6 5 4 3 2 1 0
FOEN FOCS2 FOCS1 FOCSO 0 FOSOS | FOCKS1 | FOCKSO
R/W R/W R/W R/W R R/W R/W R/W

Table 4-17 FCC register contents

Bit position Bit name Function

7 FOEN Output clock FOUTCLK enabile:
0: FOUTCLK is disabled.
1: FOUTCLK is enabled.

6to4 FOCS[2:0] Output clock divider setting for FOUTCLK:
FOCS2 |FOCS1 |FOCSO0 | Clock divider setting
0 0 0 FOUTCLK = selected clock source / 1
0 0 1 FOUTCLK = selected clock source / 2
0 1 0 FOUTCLK = selected clock source / 4
0 1 1 FOUTCLK = selected clock source / 8
1 0 0 FOUTCLK = selected clock source / 16
1 0 1 FOUTCLK = selected clock source / 32
1 1 0 FOUTCLK = selected clock source / 64
1 1 1 FOUTCLK = selected clock source / 128
2t00 FOSOS, Clock source selection for FOUTCLK:
FOCKSJ[1:0]
FOSOS | FOCKS1 | FOCKSO | Clock source
X 0 0 Main oscillator
X 0 1 SSCG
1 0 PLL
0 1 1 Internal oscillator
1 1 1 Sub oscillator
Caution: Do not specify the sub oscillator, if the sub oscillator is not enabled or
not connected.
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Note 1. FOUTCLK is not influenced by stand-by modes of the microcontroller. It
runs as long as it is enabled and the selected clock source operates.
Application software must stop FOUTCLK by clearing the FOEN bit to
minimize power consumption in stand-by modes.

2. There is an upper frequency limit for the output buffer of the FOUTCLK
function. Do not select a frequency higher than the maximum output buffer
frequency. Please refer to the Data Sheet for the frequency limit.
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(5) ICC -IIC clock control register

The 8-bit ICC register determines the I°C clock source and the clock divider
setting for IICLK.

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

Writing to this register is protected by a special sequence of instructions.
Please refer to “PHCMD - Command protection register on page 111 for
details.

Address FFFF F838,.

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

7 6 5 4 3 2 1 0
0 ICPS2 | 1ICPST | 1ICPSO 0 0 ICSELT | IICSELO
R2 R/W R/W R/W R? R? R/W R/W

a8)  These bits may be written, but write is ignored.

Table 4-18 ICC register contents

Bit position Bit name Function

6to4 IICPS[2:0] Divider setting for IICLK:
lICPS2 lICPS1 lICPS0 Clock divider setting
0 0 0 1
1 0 1 1/35
1 1 1 1/4.5
other settings not supported
1t00 IICSEL[1:0] Clock source for IICLK:

IICSEL1 | IICSELO | Clock source

0 0 Main oscillator
0 1 SSCG/2
1 X PLL

Note 1. On release of WATCH, Sub-WATCH and STOP mode or when the
SDC.SDCR bit is set, IICSEL[1:0] is cleared—the main oscillator is
selected as the IIC clock source.

Pay attention if PSM.OSCDIS = 1 before entering any of the above power
save modes, because the main oscillator will be disabled. Therefore the

I°C interface will have no clock supply after power save mode release.

2. The connected I°C interfaces must be disabled before switching
[ICPS[2:0]. To switch the IICPS bits, first disable the 1°C interface by
clearing the enable bit in the IIC control register, then switch ICPS[2:0] and
finally re-enable the 1IC interface.
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1)

Access
Address

Initial Value

Control registers for power save modes

The registers described in this section control the begin and end of the power
save modes IDLE, WATCH, Sub-WATCH, and STOP.

Please refer to “Power save mode activation on page 154 for instructions and
an example on how to enter a power save mode.

PSM - Power save mode register

The 8-bit PSM register specifies the power save mode and controls the clock
generation after reset and Sub-WATCH mode release. In addition, it specifies
the source of the Watch Calibration Timer clock WCTCLK.

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

FFFF F820y.

08y. The register is initialized by any reset.

Since the main oscillator is started by the internal firmware are reset, PSM
enters the user’s program with the setting 00y.

7 6 5 4 3 2 1 0
| 0 \ CMODE \ 0 \ 0 \ 0SCDIS | 0 PSM1 PSMO
R R/W R R R/W R R/W R/W

Table 4-19 PSM register contents (1/3)

Bit position

Bit name

Function

6

CMODE

Watch Calibration Timer clock selection:

0: PCLK1.
1: Main oscillator.
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Table 4-19 PSM register contents (2/3)

Bit position | Bit name | Function

3 OSCDIS Main oscillator disable/enable control during and after power save mode:
0: Main oscillator enabled.
1: Main oscillator disabled.

Caution: If OSCDIS is set to 1, the main oscillator clock supply for the Watch
Timer and the LCD Controller/Driver are stopped immediately.
Thus these function stop their operation immediately as well, when
the main oscillator is used as the clock source.

OSCDIS determines also the behaviour of the main oscillator during and after
power save mode. The effect of this bit differs, depending on the power save
mode.

e Sub-WATCH mode

During Sub-WATCH mode the main oscillator is always stopped. OSCDIS
determines whether the main oscillator shall be started and chosen as CPU clock
source or should remain stopped after Sub-WATCH mode release.
0: Main oscillator enable.
The main oscillator is started after Sub-WATCH mode release and the CPU is
supplied with the main oscillator clock, after the oscillation stabilization time
has elapsed.
1: Main oscillator disable.
The main oscillator remains stopped after Sub-WATCH release.
The CPU is supplied with the selected sub clock—either sub oscillator or
internal oscillator (see bit PCC.SOSCP).
Since the reset value of OSCDIS is 1 and PCC.SOSCP is 0 the CPU starts
always with the internal oscillator clock after reset release.
In both cases, the application software must start the main oscillator by
clearing the OSCDIS bit. After the oscillator stabilization time has elapsed
(see bit CGSTAT.OSCSTAT), the main oscillator can be used as system clock
source by setting the PCC register accordingly.

e WATCH mode

This bit determines whether the main oscillator shall be stopped or remain in
operation during WATCH mode. In either case after WATCH mode release the
CPU is operating on the main oscillator.
0: Main oscillator enable.
The main oscillator is operating during WATCH mode.
After WATCH mode release the CPU is supplied with the main oscillator
clock.
1: Main oscillator disable.
The main oscillator is stopped during WATCH mode.
After WATCH mode release the main oscillator is started and the CPU is
supplied with the main oscillator clock, after the oscillation stabilization time
has elapsed.

Note: In case the main oscillator is chosen as the CPU clock after power save
mode release (i.e. after Sub-WATCH mode release with OSCDIS = 0 or
after WATCH mode release) the start-up phase of the CPU differs
depending on the history of the main oscillator status indicator
CGSTAT.OSCSTAT.

— main oscillator never used before

If the main oscillator has never been stable before entering and releasing
power save mode (CGSTAT.OSCSTAT has never been set to 1), the CPU
starts operation on the internal oscillator. After the main oscillator has
become stable, it is used as the CPU clock.

— main oscillator already used before

If the main oscillator has already been stable before entering and
releasing power save mode (CGSTAT.OSCSTAT has already been set to
1), the CPU starts operation on main oscillator, after the main oscillator
has become stable.
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Table 4-19 PSM register contents (3/3)

Bit position | Bit name

1t0o0 PSM[1:0]

Function
Power save mode selection:
PSM1 PSMO Power save mode
0 0 IDLE
0 1 STOP
1 0 WATCH
1 1 Sub-WATCH mode (main oscillator shut down)

It is not possible to switch to IDLE or WATCH mode when the CPU is operated by
a sub clock. If IDLE or WATCH mode is selected during sub clock operation, the

Sub-WATCH mode will be entered.
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(2) PSC - Power save control register

The 8-bit PSC register is used to enter or leave the power save mode specified

in register PSM.

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 “PRCMD - PSC write protection register” on page 134 for

details.
Address FFFF F1FE.

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

7 6 5 4 3 2 1 0
0 NMIWDTM | NMIOM INTM 0 0 STP 0
R R/W R/W R/W R R R/W R

Table 4-20 PSC register contents

Bit position Bit name Function

6

NMIWDTM Mask for non-maskable interrupt request from WDT:
0: Permit NMIWDT request during power save mode.
1: Prohibit NMIWDT request during power save mode.

NMIOM Mask for non-maskable interrupt request 0:
0: Permit external NMIO request during power save mode
1: Prohibit external NMIO request during power save mode.

INTM Mask for maskable interrupt request:

0: Permit maskable interrupt requests during power save mode.?
1: Prohibit maskable interrupt requests during power save mode.

STP Enter/release power save mode:
0: Power save mode is released.
1: Power save mode is entered.

a)

Only dedicated maskable interrupts have wake-up capability, refer to “Power save modes description” on
page 141.

Note 1. Ifbits 7, 3, 2, and 0 are not set to 0, proper operation of the controller can

not be guaranteed.

2. PSC.STP is automatically cleared when the controller is awakened from

power save mode.

3. Entering a power save mode requires some attention, refer to “Power save

mode activation“ on page 154.
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(3) PRCMD - PSC write protection register

The 8-bit PRCMD register protects the register PSC from inadvertent write
access, so that the system does not stop in case of a program hang-up.

After data has been written to the PRCMD register, the first write access to
register PSC is valid. All subsequent write accesses are ignored. Thus, the
value of PSC can only be rewritten in a specified sequence, and illegal write
access is inhibited.

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

Address FFFF F1FCy

Initial Value The contents of this register is undefined.

7 6 5 4 3 2 1 0
X X X X X X X X
w w w w w

Caution Before writing to PRCMD, make sure that all DMA channels are disabled.
Otherwise, a direct memory access could occur between the write access to
PRCMD and the write access to PSC. If that happens, the power save mode
may not be entered.

Caution In case a high level programming language is used, make sure that the
compiler translates the two write instructions to PRCMD and PSC into two
consecutive assembler “store” instructions.
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(4) STBCTL- Stand-by control register

The 8-bit STBCTL register is used to control the stand-by function of the
voltage regulators.

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 “STBCTLP - Stand-by control protection register” on page 135
for details.

Address FFFF FCA2,.

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

7 6 5 4 3 2 1 0
0 0 0 0 0 0 STYCD | STBYMD
R R R R R R R/W R/W

Table 4-21 STBCTL register contents

Bit position Bit name Function

1 STBYCD Enable stand-by function of VDD50 and VDD51 voltage regulators:
0: Stand-by function disabled
1: Stand-by function enabled

0 STBYMD Enable stand-by function of VDD52 voltage regulator:
0: Stand-by function disabled
1: Stand-by function enabled

In order to reduce the power consumption during power save modes the stand-
by function of the voltage regulators should be enabled during the initialization.

If a dedicated microcontroller does not include any of the voltage regulators
dedicated to the controls bit STBCTL.STBYCD andSTBCTL.STBYMD, the
status of the control bit has no function. Thus the initialization for enabling the
stand-by functions by STBCTL = 03 can be retained. For further details

concerning voltage regulators refer to “Power Supply Scheme* on page 947.

(5) STBCTLP - Stand-by control protection register

The 8-bit STBCTLP register protects the register STBCTL from inadvertent
write access.

After data has been written to the STBCTLP register, the first write access to
register STBCTL is valid. All subsequent write accesses are ignored. Thus, the
value of STBCTL can only be rewritten in a specified sequence, and illegal
write access is inhibited.

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

Address FFFF FCAAy4

Initial Value The contents of this register is undefined.

7 6 5 4 3 2 1 0

X X X X X X X X

W W W W W W W W
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4.2.5 Clock monitor registers
The following registers are used to control the monitor circuits of the main
oscillator clock and the sub oscillator clock.

Please refer to “Operation of the Clock Monitors“ on page 162 for
supplementary information.

(1) CLMM - Main oscillator clock monitor mode register

The 8-bit CLMM 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 “PRCMDCMM - CLMM write protection register” on page 137
for details.

Address FFFF F8704.

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

1 0
[ o | o [ o | o | o | o 0 CLMEM
R R R R R R/W

Table 4-22 CLMM register contents

Bit position Bit name Function

0 CLMEM 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 CLMM.CLMEM can be set at any time. However, the clock monitor is only
activated after the main oscillator has stabilized, indicated by
CGSTAT.OSCSTAT = 1.
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Init

()

Access
Address

ial Value

Caution

PRCMDCMM - CLMM write protection register

The 8-bit PRCMDCMM register protects the register CLMM from inadvertent
write access, so that the system does not stop in case of a program hang-up.

After data has been written to the PRCMDCMM register, the first write access
to register CLMM is valid. All subsequent write accesses are ignored. Thus,
the value of CLMM can only be rewritten in a specified sequence, and illegal
write access is inhibited.

This register can only be written in 8-bit units.
FFFF FCBOy
The contents of this register is undefined.

7 6 5 4 3 2 1 0

X X X X X X X X

w w w w w w w w

After writing to the PRCMDCMM register, you are permitted to write once to
CLMM. The write access to CLMM must happen with the immediately following
instruction.

In case a high level programming language is used, make sure that the
compiler translates the two write instructions to PRCMDCMM and CLMM into
two consecutive assembler “store” instructions.
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(3) CLMS - Sub oscillator clock monitor register

The 8-bit CLMS register is used to enable the monitor for the sub 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 “PRCMDCMS - CLMS write protection register” on page 139
for details.

Address FFFF F878.

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

6 5 4 3 1 0
| 0 \ 0 \ 0 \ 0 \ 0 | 0 0 CLMES
R R R R R/W

Table 4-23 CLMS register contents

Bit position Bit name Function

0 CLMES Clock monitor enable:
0: Clock monitor for sub oscillator disabled.
1: Clock monitor for sub oscillator enabled.
This bit can only be cleared by reset.

Note Setting CLMS.CLMES to 1 does not start the sub oscillator clock monitor. To
start the clock monitor CLMCS.CMRT has to be set to 1 afterwards.

CLMCS.CMRT must not be set before the sub oscillator has stabilized.
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(4) PRCMDCMS - CLMS write protection register

The 8-bit PRCMDCMS register protects the register CLMS from inadvertent
write access, so that the system does not stop in case of a program hang-up.
After data has been written to the PRCMDCMS register, the first write access
to register CLMS is valid. All subsequent write accesses are ignored. Thus, the
value of CLMS can only be rewritten in a specified sequence, and illegal write
access is inhibited.

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

Address FFFF FCB2y

Initial Value The contents of this register is undefined.
7 6 5 4 3 2 1 0
X X X X X X X X
w w w w w w w w
After writing to the PRCMDCMS register, you are permitted to write once to
CLMS. The write access to CLMS must happen with the immediately following
instruction.

Caution In case a high level programming language is used, make sure that the
compiler translates the two write instructions to PRCMDCMS and CLMS into
two consecutive assembler “store” instructions.
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Access
Address

Initial Value

CLMCS - Sub oscillator clock monitor control register

The 8-bit CLMCS register is used to start the monitor of the sub oscillator
clock.

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

FFFF F71Ay.

00y. The register is initialized by any reset.

6 5 4 3 1 0
| | | o | o | o | 0 CMRT
R R R R R R R/W

Table 4-24 CLMCS register contents

Bit position Bit name Function
0 CMRT Sub oscillator clock monitor start:
0: Clock monitor for sub oscillator off.
1: Clock monitor for sub oscillator on.
Setting CLMCS.CMRT to 1 generates a trigger to activate the sub oscillator
clock monitor.
Note 1. The sub oscillator clock monitor can only be started, if it has been enabled
by setting CLMS.CLMES to 1.
2. Make sure that the sub oscillator stabilization time has elapsed before
starting the clock monitor.
Caution Starting the sub oscillator clock monitor requires a special procedure. Refer to

“Operation of the Clock Monitors*“ on page 162.
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4.3

4.3.1

During power save
mode

Wake-up signals

Power Save Modes

This chapter describes the various power save modes and how they are
operated. For details see:

* “Power save modes description“on page 141
* “Power save mode activation“ on page 154

e “CPU operation after power save mode release” on page 157

Power save modes description

This section explains the various power save modes in detalil.

During all power save modes, the pins behave as follows:

¢ All output pins retain their function. That means all outputs are active,
provided the required clock source is available.

e All input pins remain as input pins.

¢ All input pins with stand-by wake-up capability remain active, the function of
all others is disabled.

During all power save modes, the main and sub oscillator clock monitors
remain active, provided that the monitored oscillator is operating. If the
oscillator is switched off during stand-by, the associated clock monitor enters
stand-by as well.

The following signals can awake the controller from power save modes IDLE,
WATCH, Sub-WATCH, STOP:

* Reset signals
— external RESET
— Power-On-Clear reset RESPOC

— Watchdog Timer reset RESWDT
The Watchdog Timer must be configured to generate the reset WDTRES
in case of overflow (WDTM.WDTMODE = 1) and it’s input clock WDTCLK
must be active during stand-by.

— Clock monitors resets RESCMM, RESCMS
The main oscillator respectively sub oscillator must be active during
stand-by.

¢ Non maskable interrupts

— NMIO
The appropriate port must be configured correctly.

— NMIWDT
The Watchdog Timer must be configured to generate the in case of
overflow (WDTM.WDTMODE = 0) and it’s input clock WDTCLK must be
active during stand-by.

¢ Maskable interrupts

— external interrupts INTPn
The appropriate port must be configured correctly.

— CAN wake up interrupts INTChWUP
The appropriate port and the CAN (CnCTRL.PSMODE[1:0] = 01g) must
be configured correctly.
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After power save

mode

Note

— Watch Timer interrupts INTWTnUV

The Watch Timer clock WTCLK must be active and the Watch Timer must
be enabled.

— Watch Calibration Timer interrupt INTTMO1

The Watch Calibration Timer clock WCTCLK must be active and the
Watch Calibration Timer must be enabled.

— Voltage Comparators interrupts INTVCn
The Voltage Comparators must be enabled.

— CSIB receive interrupts INTCBnR

The CSIB must be operated in slave reception mode and the appropriate
ports must be configured correctly.

Note that not all these signals are available in all power save modes.

The following signals can awake the controller from the power save mode
HALT, provided the appropriate ports and modules are correctly configured
and the required clocks are active:

¢ all reset signals

* the non-maskable interrupts NMIO, NMIWDT

¢ all maskable interrupts

To grant wake-up capability to maskable interrupts these interrupts have to be
unmasked by setting the dedicated mask flags xxMK to 0 (refer to “Interrupt
Controller (INTC)“ on page 180).

A general disable of maskable interrupts acknowledgement (“DI”, i.e.
PSW.ID = 1) does not affect their wake-up capability.

After power save mode release, the clock source for CPU operation should be
checked. If the user application issues a wake-up request immediately after
power save mode request, the power save mode may not be entered and the
clock sources remain as programmed before the stand-by request.

After power save mode release, the same procedure as for system reset is
required to set up the clock supply for the application.

In the following tables the clock status "operates" does not necessarily mean
that the functions that use this clock source are operating as well.
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(1) HALT mode

The HALT mode can be entered from normal run mode. In HALT mode, all
clock settings remain unchanged. Only the CPU clock is suspended and hence

program execution.

Table 4-25 Clock Generator status in HALT mode

ltem Status Remarks
Main oscillator unchanged

Sub oscillator operates

Internal oscillator operates

SSCG unchanged

PLL unchanged

VBCLK (CPU system) | suspended Clock setup is unchanged
IICLK unchanged

PCLKO, PCLK1 unchanged
PCLK2...PCLK15 unchanged

SPCLKO, SPCLK1 unchanged
SPCLK2...SPCLK15 | unchanged

FOUTCLK unchanged

WTCLK / LCDCLK unchanged

WDTCLK unchanged

WCTCLK unchanged

The HALT mode can be released by any unmasked maskable interrupt, NMI or

system reset.

On HALT mode release, all clock settings remain unchanged. The CPU clock

resumes operation.
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IDLE mode

The IDLE mode can be entered from any run mode. The main oscillator must
be operating. IDLE mode can not be entered if the CPU is clocked by the sub
or internal oscillator.

In IDLE mode, the clock distribution is stopped (refer to the “Standby” switches
in Figure 4-1, “Block diagram of the Clock Generator,” on page 101).

The states of all clock sources, that means, sub and internal oscillator as well
as SSCG and PLL, remain unchanged. If a clock source was operating before
entering IDLE mode, it continues operating.

Table 4-26 Clock Generator status in IDLE mode

ltem Status Remarks
Main oscillator unchanged

Sub oscillator operates

Internal oscillator operates

SSCG unchanged

PLL unchanged

VBCLK (CPU system) | stopped

IICLK stopped

PCLKO, PCLK1 stopped

PCLK2...PCLK15 stopped

SPCLKO, SPCLK1 stopped
SPCLK2...SPCLK15 | stopped

FOUTCLK unchanged

WTCLK / LCDCLK unchanged

WDTCLK unchanged/stopped Stopped if WCC.WDTSEL1 =0
WCTCLK unchanged/stopped Depends on clock selector

PSM.CMODE

The IDLE mode can be released by

¢ the unmasked maskable interrupts INTPn, INTCnWUP INTWTnUV,
INTTMO1, INTVCn, INTCBnR

¢ NMIO, NMIWDT
* RESET, RESPOC, RESWDT, RESCMM, RESCMS

On IDLE mode release, the CPU clock and peripheral clocks are supplied by
the main oscillator.
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(3) WATCH mode

In WATCH mode, the clock supply for the CPU system and the majority of
peripherals is stopped.

The main oscillator continues operation. PLL and SSCG are stopped. By
default, internal oscillator and sub oscillator operation is not affected. For
exceptions see “Internal and sub oscillator operation®on page 160.

Depending on register settings, the Watchdog Timer clock supply can continue
or stop.

Table 4-27 Clock Generator status in WATCH mode

ltem Status Remarks

Main oscillator unchanged/stopped Stopped if PSM.OSCDIS = 1
Sub oscillator operates

Internal oscillator operates/stopped Stopped if WCC.ROSTP =1
SSCG stopped

PLL stopped

VBCLK (CPU system) | stopped

IICLK stopped

PCLKO, PCLK1 stopped

PCLK2...PCLK15 stopped

SPCLKO, SPCLK1 stopped
SPCLK2...SPCLK15 | stopped

FOUTCLK unchanged/stopped Stopped, if the selected clock
source stops

WTCLK /LCDCLK unchanged/stopped Stopped, if the selected clock
source stops

WDTCLK unchanged/stopped Stopped, if the selected clock
source stops or if
WCC.WDTSEL1 =0

WCTCLK unchanged/stopped Depends on clock selector
PSM.CMODE

The WATCH mode can be released by

¢ the unmasked maskable interrupts INTPn, INTCnWUP INTWTnUV,
INTTMO1, INTVCn, INTCBnR

¢ NMIO, NMIWDT
* RESET, RESPOC, RESWDT, RESCMM, RESCMS

On WATCH mode release, the CPU starts operation using the following
clocks:

¢ if PSM.OSCDIS = 1: sub clock source selected before WATCH mode was
entered, that means, either internal oscillator or sub oscillator (defined by
PCC.SOSCP)

¢ if PSM.OSCDIS = 0: main oscillator

If the internal oscillator was stopped before entering the WATCH mode, the
oscillation stabilization time for the internal oscillator is ensured by hardware
after WATCH mode release.

PLL and SSCG remain stopped after WATCH release.
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Peripheral clock supply is switched to main oscillator supply, if
PSM.OSCDIS = 0, otherwise the internal oscillator is used for peripheral
clocks.
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(4) Sub-WATCH mode

In Sub-WATCH mode, the clock supply for the CPU and the majority of
peripherals is stopped. Main oscillator, PLL, and SSCG are stopped. By
default, internal oscillator and sub oscillator operation is not influenced. For
exceptions see “Internal and sub oscillator operation® on page 160.

Depending on register settings, the Watchdog Timer clock supply can continue
operation or stop.

Table 4-28 Clock Generator status in Sub-WATCH mode

ltem Status Remarks

Main oscillator stopped

Sub oscillator operates

Internal oscillator operates/stopped Stopped if WCC.ROSTP = 1
SSCG stopped

PLL stopped

VBCLK (CPU system) | stopped

IICLK stopped

PCLKO, PCLK1 stopped

PCLK2...PCLK15 stopped

SPCLKO, SPCLK1 stopped
SPCLK2...SPCLK15 | stopped

FOUTCLK unchanged Stopped, if the selected clock source
stops

WTCLK /LCDCLK unchanged Stopped, if the selected clock source
stops

WDTCLK unchanged/stopped | Stopped, if the selected clock source

stops or if WCC.WDTSEL1 =0

WCTCLK stopped

The Sub-WATCH mode can be released by

¢ the unmasked maskable interrupts INTPn, INTCnWUP INTWTnUV,
INTVCn, INTCBnR

* NMIO, NMIWDT
* RESET, RESPOC, RESWDT, RESCMM, RESCMS

On Sub-WATCH mode release, the CPU starts operation using the following

clocks:

¢ if PSM.OSCDIS = 1: sub clock source selected before Sub-WATCH mode
was entered, that means, either internal oscillator or sub oscillator (defined
by PCC.SOSCP)

* if PSM.OSCDIS = 0: main oscillator
If the internal oscillator was stopped before entering the Sub-WATCH mode,

the oscillation stabilization time for the internal oscillator is ensured by
hardware after Sub-WATCH release.

PLL and SSCG remain stopped after Sub-WATCH release.

Peripheral clock supply is switched to main oscillator supply, if
PSM.OSCDIS = 0, otherwise the internal oscillator is used for peripheral
clocks.
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STOP mode

In STOP mode, all clock sources are stopped, except sub and internal
oscillator. These can be configured in register WCC to stop as well. No clock is
available, and no internal self-timed processes operates.

Table 4-29 Clock Generator status in STOP mode
Item Status Remark
Main oscillator stopped
Sub oscillator operates/stopped Stopped if WCC.SOSTP =1
Internal oscillator operates/stopped Stopped if WCC.ROSTP = 1
SSCG stopped
PLL stopped
VBCLK (CPU system) | stopped
[ICLK stopped
PCLKO, PCLK1 stopped
PCLK2...PCLK15 stopped
SPCLKO, SPCLK1 stopped
SPCLK2...SPCLK15 | stopped
FOUTCLK stopped
WTCLK / LCDCLK unchanged/stopped Stopped, if the selected clock
source stops
WDTCLK unchanged/stopped Stopped, if the selected clock
source stops or if
WCC.WDTSEL1 =0
WCTCLK stopped
The STOP mode can be released by
¢ the unmasked maskable interrupts INTPn, INTCnWUP INTVCn, INTCBnNR,
INTWTOUV, INTWT1UV
¢ NMIO, NMIWDT
e RESET, RESPOC, RESWDT, RESCMM, RESCMS
On STOP mode release, the CPU clock and peripheral clocks are supplied by
the main oscillator.
(6) Clock status summary
Table 4-30 on page 149 summarizes the status of all clocks delivered by the
Clock Generator in the different states.
“Normal” describes all status except reset and power save modes.
The HALT mode is not listed in the table. It does not change any of the table
items, but stops only the CPU core operation.
Below the table you find the explanation of the terms used in the table.
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4.3.2 Clock Generator state transitions

(1) VBCLK state transitions

o
1

1 =¥2ds’'0as j
L=

SI00SO SI100S0
sojejs NISd \f
0=
Joyuo = DSOburY S10080 Hoyuo = 9SObury Hoyuo = DSOburY Jojuo = DSOBurY
uo = 9s0oans uo = 9s0oans uo = 9s0oans uo = 0S0ans
140 = DSOUle) 1J0/Uo = DSOUIB) 1Jo/pabueyoun = DSQUIB\ 1J0/pabueyoun = DSQUIEIN
| =
spow dO1s 9pow HOLVM-ANS | siaoso spow 374l spow HOLVM
A A A A
810 = [0:Llnsd 811 =[0:1lnsd 800 = [0:1lnsd g0 = [o:Llnsd
Anus Anus | = SId2SO Anus Anue Anus
dn-o3em WSd Wsd dn-ovem Wsd Wsd WSd
|
MIO0W = M108A MT00W = ¥108A 1008 =>108S 1
M100d = X1108S 0 (% 10 px)
=d0S0s8'00d
papiuuad payqiyoud M108S = 108A 100sS = 3108/ M10T1d = 108/
LM 20d M D0d
JsSouleN JsouleN )00J2-qng 99SS 1d
x T 7
%00 = _o“:wﬂo ‘0=810 210 u%oiwv_o ‘0=810 ] = _ﬂiwxo ‘0 =810
s9je)s MTOdgA 0 = dJSOS
1 =810

(s )

152

RENESAS

RO1UH0027ED0410 Rev. 4.10

User Manual



(2) Main oscillator state transitions

MainOSC
started by F/W

MainOSC

stabilization

PSM release from

¢ STOP (PSM[1:0] = 01g)
- SDC.SDCR = 1 and OSCDIS =0

Stabilization counter
expired

MainOSC

operating

PSM entry with

- PSM[1:0] = 015 (STOP)

-SDC.SDCR =1

PSM release from

- PSM[1:0] = 115 (Sub-WATCH)
- PSM[1:0] = 10g (WATCH) and OSCDIS =1 stopped

»] MainOSC

t - Sub-WATCH (PSM[1:0] = 11g) and OSCDIS =0

- WATCH (PSM[1:0] = 10g)
- SDC.SDCR = 1 and OSCDIS = 0

)

Internal oscillator states

IntOSC

operating

PSM entry with

PSM release from
- Sub-WATCH (PSM[1:0] = 11g) and OSCDIS =1
- SDC.SDCR = 1 and OSCDIS =1

- PSM[1:0] = 015 (STOP) and ROSTP = 1 IntOSC
- PSM[1:0] = 115 (Sub-WATCH) and ROSTP = 1
- PSM[1:0] = 105 (WATCH) and ROSTP = 1

stopped

(4) Sub oscillator states

SubOSC

operating

PSM entry with
- PSM[1:0] = 015 (STOP)

and SCSTP = 14’ SubOSC

stopped

PSM release
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4.3.3

Stepper-C/D shut

Power save mode activation

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

In order to minimize power consumption during power save modes the Stepper

down Motor Controller/Driver needs to be shut down in a special sequence. Refer to
"MCNTCnO, MCNTCn1 - Timer mode control registers” on page 714.
(1) HALT mode

For entering the HALT mode proceed as follows:

1. Mask all interrupts which shall not have wake-up capability by
xxIC.xxMK = 1 and discard all possibly pending interrupts by xxIC.xxIF = 0.

2. Unmask all interrupts which shall have wake-up capability by
xxXIC.xxMK = 0.

3. Execute the “halt” instruction.

4. Insert at least five “nop” instruction after the “halt” instruction.

(2) WATCH, Sub-WATCH, STOP and IDLE 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 IMBRm.xxMK = 0 (refer to “IMRO to IMRS5 - Interrupt mask
registers” on page 200).

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].

5. 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.
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Example The following example shows how to initialize and enter a WATCH, Sub-
WATCH, STOP or IDLE power save mode.

Note

First the desired power save mode is
that means PSM.PSM[1:0] = 10p).

specified (WATCH mode in this example,

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.

In this example, maskable interrupts are permitted to leave the power save

mode.

/I xxIC.xxMK = 0
/I xxIC.xxMK = 1
di
mov 0x02,r10
st.b r10,PSM[r0]
mov 0x62,r10
st.b r10,PRCMDIr0]

stb r10,PSC[r0]

nop
nop
nop
nop
nop

/I xxIC.xxIF =0
ei

// mask all none wake-up interrupts
// unmask all wake-up interrupts

/[ PSM.PSM[1:0] = 10B: WATCH mode

// enable write to PSC

// wake up by maskable interrupts
// and enter power save mode

/I after wake-up
/I discard all unwanted pending interrupts

Be aware of the following notes when entering power save mode using the

above sequence:

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

IMBm.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.
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3. Atleast 5 “nop” instructions must follow the power down mode setting, that

6.

means after the write to PSC. The microcontroller requires this time to
enter power down mode.

The data written to the PRCMD register must be the same data that shall
be written to the write-protected register afterwards.

The above example ensures this method, since the contents of r10 is first
written to PRCMD and then immediately to PSC.

Make sure that all DMA channels are disabled. Otherwise a DMA could
happen between steps 7 and 8, and the power down mode may not be
entered at all.

Further on do not perform write operations to PRCMD and write-protected
registers by DMA transfers.

No special sequence is required for reading the PSC register.

Caution If a wake-up event occurs within the 5 “nop” instructions after a power save
mode request (PSC.STP = 1) the microcontroller is immediately returning from
power save mode, but may have not at all or only partly entered the power
save mode. Following three situations can occur:

1. power save mode request not accepted
wake-up configuration not established, PLL/SSCG are operating
2. power save mode request accepted, but not completed
wake-up configuration established, but PLL/SSCG operating
3. power save mode request accepted and completed
wake-up configuration established, PLL/SSCG stopped
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4.3.4 CPU operation after power save mode release

Clock Generator re- The clock for the CPU system can be switched only once after reset, power
configuration save mode release, or the default clock setup request (SDC.SDCR = 1).

The clocks for the Watchdog Timer, Watch Timer, and LCD Controller/Driver
can be switched only once after system reset.

Access to peripherals that have no clock supply in Sub-WATCH mode may
cause system deadlock. This can happen if the main oscillator remains
disabled.

Wake-up Wake-up configuration established means that all registers and clock paths are
configuration set to their wake-up state.

The software should check after wake-up whether the expected wake-up
configuration has been completely established. This can be achieved by
observing
 following clock generator registers, which are modified by power save mode
entry and wake-up
— after WATCH, Sub-WATCH, STOP wake-up following bits are cleared:
CKC.PLLEN, CKC.SCEN, CKC.PERIC, SCC.SEL, ICC.SEL
— after IDLE or STOP wake-up following bits are cleared:
PCC.CLS, PCC.CKS
— after Sub-WATCH or WATCH wake-up
PCC.CLS/PCC.CKS = 000g, if PSM.OSCDIS =0
PCC.CLS/PCC.CKS = 100g, if PSM.OSCDIS = 1

¢ the “completed power save mode” bit CGSTAT.CMPLPSM
— CGSTAT.CMPLPSM = 0 if a power save mode request has been
accepted but not completed, wake-up configuration established, but PLL/
SSCG operating (provided that CGSTAT.CMPLPSM = 1 before power
save mode request)

— CGSTAT.CMPLPSM = 1 if a power save mode has been completely
entered, wake-up configuration established, PLL/SSCG stopped
(provided that a power save mode request has been accepted before, i.e.
CGSTAT.CMPLPSM =1 — 0)

Note that CGSTAT.CMPLPSM is set to 0 if a power save mode request is
accepted. If it was 0 before it does not change it’s state.

Table 4-31 summarizes the different configurations.
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Table 4-31 Power save mode wake-up configurations

5 lock paths? Configuration after wake-up
before PSM-RQ after wake-up clock p
0 not changed PSM-RQ not accepted
0 changed PSM-RQ accepted
configuration done, but PLL/
SSCG operating
not changed not possible
1 changed PSM-RQ accepted
configuration done, PLL/SSCG
off
1 not changed not possible
0 changed PSM-RQ accepted
configuration done, but PLL/
SSCG operating
not changed PSM-RQ not accepted
1 changed PSM-RQ accepted
configuration done, PLL/SSCG
off

a) A change of a register’s contents can only be taken as an indicator if it is before
power save mode request different to the wake-up configuration.
b) PSM-RQ: power save mode request (PSC.STP = 1)

If the power save mode request was accepted the entire clock generator can
be reconfigured after wake-up. Afterwards set CKC.PLLEN = 1 and
CKC.SCEN = 1 and wait the stabilization times before using the PLL and
SSCG as clock sources.

Set default clock

If the power save mode wake-up configuration is entered by setting
SDC.SDCR = 1 all registers and clock paths settings are performed, but the
PLL and SSCG are still operating, that means CGSTAT.PSM remains
unchanged.

The entire clock generator can be reconfigured, i.e. all registers can be written.

If the SSCG configuration shall not be changed, set CKC.PLLEN = 1 and
CKC.SCEN = 1. The SSCG respectively PLL can be used immediately as
clock sources without waiting the stabilization times.

If the SSCG configuration shall be changed, rewrite the SSCG configuration
registers, set CKC.PLLEN = 1 and CKC.SCEN = 1. In this case make sure the
stabilization times has elapsed before using the PLL or SSCG as clock
sources.

After IDLE and On return from IDLE or STOP mode, the bits PCC.CLS, PCC.CKS1, and
STOP PCC.CKS2 are cleared. After IDLE mode, the main oscillator is still running; on
return from STOP mode, it is automatically started.

As a result, the main oscillator is chosen and enabled as the source for the
CPU system clock VBCLK.

After WATCH In WATCH mode the main oscillator operation depends on PSM.OSCDIS:
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* If PSM.OSCDIS was 0 before entering WATCH mode the main oscillator
remains active. After WATCH mode release the main oscillator is chosen as
the CPU system clock.

* If PSM.OSCDIS was 1 before entering WATCH mode the main oscillator is
stopped during WATCH mode. After WATCH mode release the main
oscillator is automatically started, the oscillator stabilization time is waited
and the main oscillator is chosen as the CPU system clock.

After Sub-WATCH In Sub-WATCH mode the main oscillator is stopped. On return from Sub-
WATCH, PCC.CLS is set to the status of PSM.OSCDIS.

¢ |f PSM.OSCDIS was 0 before entering Sub-WATCH, the main oscillator is
started and chosen as the source for the CPU system clock (PCC.CLS =0,
PCC.CKS[1:0] = 00g).

e |f PSM.OSCDIS was 1 before entering Sub-WATCH, the main oscillator
remains stopped, and the CPU is clocked by a sub clock (PCC.CLS =1,
PCC.CKS[1:0] = xxg).

“Sub clock” means the clocks supplied by either the 32 KHz sub oscillator or
the 200 kHz internal oscillator. The selection must be made in the PCC
register before entering the Sub-WATCH or WATCH mode:

e PCC.SOSCP = 0: Internal oscillator
e PCC.SOSCP = 1: Sub oscillator

Software can switch from sub clock CPU operation to normal run mode (by
enabling the main oscillator by PSM.OSCDIS = 0) or re-enter Sub-WATCH
respectively WATCH mode.

After HALT On return from HALT mode the CPU resumes operation with the same clock
settings as before HALT was entered.
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4.4 Clock Generator Operation

4.4.1 Internal and sub oscillator operation

By default, sub and internal oscillator operate during all power save modes.

However, it can be specified in the WCC register that the sub oscillator stops in
STOP mode (WCC.SOSTP).

It can also be specified that the internal oscillator stops in WATCH, Sub-
WATCH, and STOP mode (WCC.ROSTP).

These bits can be written once after system reset, independent of the reset
source.

4.4.2 Watch Timer and Watch Calibration Timer clocks

The Watch Timer input clock WTCLK can be derived directly from the main,
sub, or internal oscillator. Therefore, the WT can be operating in all power save
modes.

Because PCLK1 is stopped during power save modes, the Watch Calibration
Timer input clock WCTCLK can be directly connected to the main oscillator
output.

Note WCTCLK is not available in Sub-WATCH and STOP mode where the main
oscillator is stopped. These modes must be released before the WCT can
operate.

4.4.3 Clock output FOUTCLK

The Clock Generator output signal FOUTCLK supplies a clock for external
components. It can be derived from any internal clock source, that means
internal oscillator, sub oscillator, main oscillator, PLL, or SSCG. A dedicated
frequency divider is available to scale the output clock down.

FOUTCLK must be enabled by register setting (FCC.FOEN = 1). It is not
influenced by the power save modes. But FOUTCLK stops, if the selected
clock source stops.

After reset release, FOUTCLK is disabled (register FCC is cleared), and the
pin FOUT put in input mode.

Note 1. If you change the configuration of FOUTCLK or enable/disable the
selected clock source while FOUTCLK is active, glitches or irregular clock
periods may appear at the output pin.

2. The clock signal FOUTCLK cannot be used to synchronize external
circuitry to other output signals of the microcontroller—it has no specified
phase relation to other output signals.

3. There is an upper frequency limit for the output buffer of the FOUTCLK
function. Do not select a frequency higher than the maximum output buffer
frequency. Please refer to the Data Sheet for the frequency limit.
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444

Note

Default clock generator setup

The Clock Generator can be reset to the clock settings that are used by default
after power save mode release. This is done by setting bit SDC.SDCR.

For this kind of reset, it is not necessary to enter a power save mode, and no
wake-up signal is required.

If reset to defaults is requested, CKC.PLLEN and CKC.SCEN are cleared.
However the PLL and SSCG remain active. The CPU clock source is switched
to sub, internal, or main oscillator (depending on the bits PSM.OSCDIS and
PCC.SOSCP). Peripheral clock sources are switched to main oscillator. For
details see “SDC - Set default clock register” on page 115.

This feature reduces the total power consumption of peripherals and CPU.
It provides also a way to stop the PLL and SSCG. These PLLs must be
stopped if the clock sources for the CPU or peripherals shall be changed.

While the clock sources are switched, the peripheral clocks are suspended.
Therefore, the timing of peripheral modules may be inaccurate until the reset
has finished.
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4.4.5

O

Figure 4-2

()

Main oscillator
monitor start

Sub oscillator
monitor start

Operation of the Clock Monitors

The microcontroller provides two separate clock monitors to watch the activity
of the main oscillator and the sub oscillator.

Description

The functional block diagram is shown below.

main osc ——{f  CLKM_MAIN
CGSTAT.OSCSTAT ——|start
output RESCMM
= EN
CLMM.CLMEM T
sub osc f CLKM_SuB
CLMSCS.CMRT start
output ————~ RESCMS
internal osc . EN
CLMS.CLMES T

Clock Monitors block diagram

The clock monitors use the internal oscillator (fg) for monitoring the main and
sub oscillators (fy).

If the main oscillator clock monitor detects a malfunction of the main oscillator
(no pulse), it generates the reset request RESCMM. If the sub oscillator clock
monitor detects a malfunction of the sub oscillator, it generates the reset
request RESCMS.

Start and stop

Before the clock monitors can be started, they have to be enabled by setting
CLMM.CLMEM and CLMS.CLMES to 1.

After enabling CLMM.CLMEM = 1 the main oscillator monitor is automatically
started as soon as the main oscillator is stable, indicated by
CGSTAT.OSCSTAT =1.

After enabling CLMM.CLMES = 1 the sub oscillator monitor must be started by
software by setting CLMCS.CMRT to 1.

After starting the sub oscillator clock monitor by CLMCS.CMRT = 1 clear
CLMCS.CMRT by software.
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Caution

)

Main oscillator

stopped

Sub oscillator

stopped

Internal oscillator

Since CLMCS.CMRT = 1 is synchronized with the internal oscillator any
change of this bit has to be maintained for at least 65 internal oscillator periods
Trosc = 1/frosc to become effective. Therefore a wait period has to be

assured before this bit is changed again.
Proceed as follows to start the sub oscillator clock monitor:

1. After reset enable sub oscillator clock monitor:
PRCMDCM = FFppermit write to CLMS

CLMS.CLMES = 1enable sub oscillator clock monitor
2. Make sure the sub oscillator is stable.
3. Start sub oscillator clock monitor after reset and after power save mode
wake-up:
CLMCS.CMRT =1
4. Wait for 65 internal oscillator periods Trogc before resetting CMRT:
wait (65 X max(TROSC))
5. Clear CLMCS.CMRT:
CLMCS.CMRT =0

6. Before CMRT should be set to 1 again, wait for 65 internal oscillator
periods Trosc!
wait (65 X max(TROSC))

Note that the minimum internal oscillator frequency min(frosc) (Max(Trosc))
has to be taken into account for the wait time in steps (3) and (5).

The sub oscillator clock monitor is sometimes already started by setting
CLMS.CLMES = 1, i.e. without CLMCS.CMRT = 1.

In these cases it would not be required to start the sub oscillator by setting
CLMCS.CMRT = 1 additionally.

Since it is unpredictable whether the clock monitor has already started after
CLMS.CLMES = 1 the procedure described above should be followed in any
case.

Operation during and after power save modes

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

If the sub oscillator is stopped, its clock monitor stops.

When the sub oscillator is restarted after power save mode release, the sub
oscillator clock monitor does not start automatically.

Software must ensure that the sub oscillator stabilization time has elapsed and
then start the monitor by setting CLMCS.CMRT to 1.

If the internal oscillator is stopped, both clock monitors’ operation is

stopped suspended. Their operation is automatically resumed as soon as the internal
oscillator is restarted.
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Chapter 5 Flash Memory

The yPD70F3416 and yPD70F3417 microcontrollers are equipped with
internal flash memory. The flash memory is attached to the V850 Fetch Bus
VFB interface of the VB50E CPU core. It is used for program code and storage
of constant data.

When fetching an instruction, 4 bytes of the VFB flash memory can be
accessed in 1 clock, and 4 bytes of the VSB flash memory can be accessed in
2 clocks.

The flash memory can be written mounted on the target board (on-board
write), by connecting a dedicated flash programmer to the target system.

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.
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Chapter 5 Flash Memory

5.1 Overview

Features summary ¢ Internal VFB flash memory:
— UPD70F3417: 256 KB
— UPD70F3416: 128 KB

¢ Operation speed up to 24 MHz by 2-way interleaved access:
— 4-byte/1 CPU clock cycle access for consecutive instruction fetches
— 4-byte/3 CPU clock cycles access for random instruction and data fetches

¢ All-blocks batch erase or single block erase
* Erase/write with single power supply

e Communication with dedicated flash programmer via various serial
interfaces

* On-board and off-board programming

* Flash memory programming by self-programming

5.1.1 Flash memory address assignment

The 256 KB flash memory of yPD70F3417 is made up of 64 blocks. Figure 5-1
shows the address assignment of the flash memory blocks.

0004 0000,

Block 63 (4 KB)
0003 FO00,,

Block 62 (4 KB)
0003 E000,,
0000 2000,

Block 1 (4 KB)
0000 1000,,

Block 0 (4 KB)
0000 0000,

Figure 5-1 Address assignment of yPD70F3417 flash memory blocks

RO1UHO0027ED0420 Rev. 4.20 RENESAS 165
User Manual



Chapter 5 Flash Memory

The 128 KB flash memory of yPD70F3416 is made up of 32 blocks. Figure 5-2
shows the address assignment of the flash memory blocks.

0002 0000,

Block 31 (4 KB)
0001 FOO0O,,

Block 30 (4 KB)
0001 EO000,,
0000 2000,

Block 1 (4 KB)
0000 1000,

Block 0 (4 KB)
0000 0000,

Figure 5-2 Address assignment of yPD70F3416 flash memory blocks

5.1.2 Flash memory erasure and rewrite

The following functions can be carried out by use of the flash memory self-
programming library.

(1) Flash memory erasure

According to it’s block structure the flash memory can be erased in two
different modes.

¢ All-blocks batch erasure
— pPD70F3417: 0000 0000y to 0003 FFFFy
— uPD70F3416: 0000 0000 to 0001 FFFFy

¢ Block erasure
Each 4 KB flash memory block can be erased separately.

(2) Flash memory rewrite

Once a complete block has been erased it can be rewritten in units of 8 byte.
Each unit can be rewritten only once after erasure of the complete block.
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Chapter 5

Flash Memory

5.1.3

514

Flash memory programming

The internal flash memory can be programmed in three different ways:
e Programming via self-programming
¢ Programming with external flash programmer

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 “Operation Modes” on page 83 for details
on how to enter normal operation or external flash programming mode.

Boot block swapping

The microcontrollers with flash memory support secure boot block swapping.
This will swap two 32 KB blocks at the bottom end (starting from address
0000 0000y) of the Flash Memory. The block size is fixed and can not be

changed.
For comprehensive information concerning secure boot block swapping refer
to the application note “Self-Programming” (document no. U16929EE), which

explains also the functions of the self-programming library. The latest version
of this document can be loaded via the URL

http://www.renesas.eu/updates
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Chapter 5

Flash Memory

5.2

Caution

Start of self-
programming

Flash Self-Programming

The internal flash memory can be programmed via the secure self-program-
ming facility. This feature enables the user’s application to re-program the flash
memory. The self-programming functions are part of the internal firmware,
which resides in an extra internal ROM. The user’s application can call the self-
programming functions via the self-programming library, provided by Renesas
Electronics.

During self-programming make sure to disable all ROM correction facilities, as
enabled ROM corrections may conflict with the internal firmware.

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

Self-programming must be in particular enabled in order to avoid unintended
re-programming of the flash. Two ways to enable self-programming are
provided:
* by setting the external FLMDO pin to high level
This requires some external components or wiring, e.g. connecting an
output port to FLMDO.
* by setting an internal register bit
This way does not need any special external components or wiring.

The following registers are used to enable self-programming internally by
software.

5.2.1 Flash self-programming registers
For safety reasons flash self-programming needs to be explicitly enabled by
use of two registers:
Table 5-1 Flash self-programming enable register overview
Register name Shortcut Address
Self-programming enable control register SELFEN FFFF FCAOy
Self-programming enable protection register SELFENP FFFF FCA8y
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Chapter 5

Flash Memory

1)

Access

Address

Initial Value

()

Access
Address

Initial Value

Caution

Peripherals and
pin functions

SELFEN - Self-programming enable control register

The 8-bit SELFEN register enables the self-programming functions by
software. It is an internal substitute to enabling self-programming by rising the
FLMDO pin to high level.

This registers 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 “SELFENP - Self-programming enable protection register on
page 169 for details.

FFFF FCAOy

00y. This register is cleared by any reset.

0 0 0 0 0 FLEN

R R R R R RW

Bit position Bit name Function

Enable self-programming
0: Flash write/erase function is controlled by the

0 FLEN FLMDO pin

1: Flash write/erase function is enabled

SELFENP - Self-programming enable protection register

The 8-bit SELFENP register protects the register SELFEN from inadvertent
write access, so that the system does not stop in case of a program hang-up.

After data has been written to the SELFENP register, the first write access to
register SELFEN is valid. All subsequent write accesses are ignored. Thus, the
value of SELFEN can only be rewritten in a specified sequence, and illegal
write access is inhibited.

This registers can be written in 8-bit units.

FFFF FCA8y

The contents of this register is undefined.

In case a high level programming language is used, make sure that the
compiler translates the two write instructions to SELFENP and SELFEN into
two consecutive assembler “store” instructions.

All peripheral functions of the microcontroller continue operation during the
self-programming process. Further the functions of all pins do not change.
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Chapter 5

Flash Memory

5.2.2

Note

Interrupt handling during flash self-programming

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

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

http://www.renesas.eu/updates

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

Therefore a prerequisite is necessary to enable interrupt servicing during self-

programming:

¢ The concerned interrupt handler routine needs to be copied to the internal
RAM.

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 77)

¢ 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 77).

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 RET]I instruction, save/restore all used registers, etc.).
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Chapter 5 Flash Memory

5.3 Flash Programming with Flash Programmer

A dedicated flash programmer can be used for on-board or off-board writing of
the flash memory.

(1) 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.

A CSl or a UART interface can optionally be used for the communication
between the external flash programmer and the V850 microcontroller.

All signals, including clock and power supply, can be provided by the external
flash programmer. However, an on-board clock to the X1 input may be used
instead of the clock, provided by the flash programmer.

(2) 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 program adapter
(FA series).

All signals, including clock and power supply, are provided by the external flash
programmer.

Note The FA series is a product of Naito Densei Machida Mfg. Co., Ltd.

5.3.1 Programming environment

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

RS-232-C
uSB

RESET

UART/CSIB V850
microcontroller

Host machine flash programmer HS

Figure 5-3 Environment to write program to flash memory

A host machine is required for controlling the flash programmer.

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

e asynchronous serial interface UART

¢ clocked serial interface CSIB
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Chapter 5 Flash Memory

If the CSIB interface is used with handshake, the flash programmer’s HS signal
is connected to a certain V850 port. The port used as the handshake port is
given in Table 5-2.

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

UARTAO or CSIBO is used as the interface between the flash programmer and
the microcontroller. Flash memory programming off-board requires a
dedicated program adapter (FA series).

5.3.2 Communication mode

The communication between the flash programmer and the microcontroller
utilizes the Asynchronous Serial Interface UARTAO or the synchronous serial
interface CSIBO.

For programming via the synchronous serial interface CSIBO without
handshake and with handshake modes are supported. In the latter mode the
port pin P84 is used for the programmer’s handshake signal HS.

(1) UARTAO
Transfer rate: 4.800 to 153.600 bps

FLMDO ——— = FLMDO

GND — Vss Zi %

. RESET ——— RESET AR
~ V850

= RXD =————————— TXDAO0
flash programmer TXD ——  RXDAO

microcontroller

Figure 5-4 Communication with flash programmer via UARTAO

(2) CsSIB0 without handshake
Serial clock: up to 2.5 MHz (MSB first)

FLMDO FLMDO
Vop Vop
GND Vss
ﬁ_‘/. RESET ——— RESET
7 sI SOBO _ves0
microcontroller
flash programmer SO SIBO
SCK SCKBO

Figure 5-5 Communication with flash programmer via CSIB0 without handshake
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(3) CsSIBO0 with handshake (CSIBO + HS)
Serial clock: Up to 2.5 MHz (MSB first)

" "/

g

flash programmer

FLMDO

GND
RESET
sI

SO
ScK
HS

V850
microcontroller

Figure 5-6 Communication with flash programmer via CSIB0 with handshake
The flash programmer outputs a transfer clock and the microcontroller
operates as a slave.
If the PG-FP5 is used as the flash programmer, it generates the following
signals for the microcontroller. For details, refer to the PG-FP5 User’'s Manual
(U18865E).
Table 5-2 Signals generated by flash programmer PG-FP5
PG-FP5 Controller Connection
Signal . . .
name /0 Pin function Pin name UARTAO CSIB0 CSIB0 + HS
FLMDO | Output | Write enable/disable, FLMDO O O O
mode setting
FLMD1 | Output | Mode setting FLMD1 X X X
Vop I/0 Vpp voltage generation/voltage | Vpp O O O
monitor
GND - Ground Vss O O O
CLK Output | Clock output to the controller X1 X X X
RESET | Output | Reset signal RESET O O O
SI/RxD | Input Receive signal SOBO0/ O O O
TXDAO
SO/TxD | Output | Transmit signal SIBO/RXDAO O O O
SCK Output | Transfer clock SCKBO X O O
HS Input Handshake signal for CSIBO + P104 X X O
HS communication
Note O: must be connected
X: does not need to be connected
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5.3.3 Pin connection

A connector must be mounted on the target system to connect the flash
programmer for on-board writing. In addition, a function to switch between the
normal operation mode and flash memory programming mode 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.

In the normal operation mode, 0 V is input to the FLMDO pin. The 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, shared
with port P50, has to hold 0 V level.

An example of connection of the FLMDO and FLMD1 pins is shown below.
Alternatively the FLMD1 pin may also be connected directly to the FLMD1
signal of the flash programmer.

Table 5-3 Operation mode settings

Pins
Operation mode
FLMDO FLMD1 (P50)
0 Normal operation mode (fetch from flash)
; 0 Flash programming mode
Setting prohibited
PG-FP5 V850E/DG3
FLMDO . & FLMDO
FLMD1 |——— FLMD1
PG-FP5 V850E/DG3
FLMDO FLMDO
FLMD1 FLMD1

Figure 5-7 Example of connection to flash programmer PG-FP5 in CSI and UART

mode
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(1) Serial interface pins

The pins used by each serial interface are shown in the table below.

Table 5-4 Pins used by each serial interface

Serial interface Pins

UARTAOQ TXDAO, RXDAO at pins P30/P31

CSIBO SOBO, SIB0, SCKBO at pins P105 - P107
CSIBO + HS SOBQO, SIB0, SCKBO, P104

In flash programming mode the output drive strength control of the pins
TXDAO, SOB0 and P104 is disabled. By this means the port pins provide
maximum driver capability in order to maximize the transmission data rate to
the flash programmer.

Caution 1. Since the output drive strength control of the pins TXDAO, SOBO0 and P104
is disabled during programming these pins are not short-circuit proof any
more. Short circuits at these pins may permanently damage the device.

2. 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.

3. 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.

4. All the port pins, including the pin connected to the flash programmer, go
into an output high-impedance state in the flash memory programming
mode. If there is a problem such as that an external device connected to a
port prohibits the output high-impedance state, connect the port to Vpp or

Vgg via a resistor.

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

6. 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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5.3.4

1)

Programming method

In the following the flash programming flow is described, if the CSI or the UART
is used as the communication interface.

Flash memory control

The procedure to manipulate the flash memory is illustrated below.

C o )

Transition to flash memory
programming mode

RESET pulse supply —=

Select communication mode

Manipulation of flash memory

End? No

Yes

( )

Figure 5-8 Flash memory manipulation procedure

(2) Flash memory programming mode

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 5-6 and
release RESET.

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

Figure 5-9 gives an example how the UARTAO is established for the
communication between the flash programmer and the microcontroller.
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Vv
VDD
oV
v
RESET (input)
oV
V T
FLMDO (input) H
oV Not
v (Note)
RXDAO (input)
oV
v
TXDAO (output)
oV Oscillation|  Communication
stabilizationl mode selection
Power Reset Flash control command communication
supply release (such as erase and write)
ON
Figure 5-9 Flash memory programming mode start-up
Note The number of clocks to be inserted differs depending on the chosen
communication mode. For details, refer to Table 5-5.
(3) Selecting communication mode
The communication mode is selected by applying a specified number of pulses
to the MODE pin after the flash memory programming mode is set. These
MODE pulses are generated by the flash programmer.
The relationship between the number of pulses and the communication mode
is shown in the table below.
Table 5-5 Communication modes

MODE Communication
Remark
pulses mode
0 UARTAO Communication rate: 9,600 bps (after reset),
LSB first
8 CSIBO microcontroller operates as slave, MSB first
11 CSIBO + HS microcontroller operates as slave, MSB first
Others - Setting prohibited

Note When UARTAO is selected, the receive clock is calculated based on the reset
command that is sent from the flash programmer after reception of the MODE

pulses.
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Figure 5-10

(4) Communication commands

The microcontroller communicates with the flash programmer via commands.
The commands sent to the microcontroller are called commands, and the
response signals sent by the microcontroller to the flash programmer are
called response commands.

flash programmer

Communication commands

Command
Response
command

AR
V850
microcontroller

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

Table 5-6 Flash memory control commands

Support
Classification Command name Function
CSIB | CSIB + HS | UARTA
Blank check Block blank check N N N Checks erasure status of entire
command memory.
Erase Chip erase command Erase all memory contents
N N N including area that holds security
flags, reset vector and other flash
options
Block erase command N N N Erases memory contents of
specified block.
Write Write command Writes data by specifying write
N N N address and number of bytes to
be written, and executes verify
check.
Verify Verify command N N N Compares input data with all
memory contents.
Read Read command \/ Y S Read flash memory contents
System setting | Reset command S Y \/ Escapes from each status.
and control Oscillation frequency N N N Sets oscillation frequency.
setting command
Baud rate setting _ _ N Sets baud rate when UART is
command used.
Silicon signature N N N Reads silicon signature
command information.
Version acquisition N N N Reads version information of
command device.
Status command \/ \/ - Acquires operation status.
Security setting N J N Sets security of chip erasure,
command block erasure, and writing.
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The microcontroller returns a response command to the command issued by

the flash programmer. The response commands sent by the microcontroller
are listed below.

Table 5-7 Response commands

Response command name Function
ACK Acknowledges command/data.
NAK Acknowledges illegal command/data.
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6.1

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.

Features

¢ Interrupts
— Non-maskable interrupts: 2 sources

— Maskable interrupts:
- internal peripherals: 45 sources
- external: 4 sources
- software: 2 sources

— 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)

— NMI and INTPO share the same pin
e Exceptions
— Software exceptions: 2 channels with each 16 sources
— Exception traps: 2 sources (illegal opcode exception and debug trap)
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Table 6-1 Interrupt/exception source list (1/3)
Interrupt/Exception Source
Tvoe Classific - Default | Exception | Handler Restored
ni
Reset Interrupt | RESET RESET input Pin - 0000y | 00000000y | undef.
Non- Interrupt | NMIO NMI Input PORT - 0010y | 00000010y | nextPC
maskable NMIWDT | Watchdog Timer WDT - 00204 | 00000020y | nextPC
NMI2 Unused - - 0030 | 00000030y | nextPC
Softwa_re Exception | TRAPOn | TRAP instruction _ _ 004nH 00000040y | nextPC
exception (n=0toFy) (n=0toFy)
Exception | TRAP1n | TRAP instruction _ _ 005nH 00000050, | nextPC
(n=0toFy) (n=0toFy)
Exception | Exception | ILGOP/ lllegal opcode/ _ _
trap DBTRAP | DBTRAP instruction 0060 | 00000060y | nextPC
Maskable | Interrupt | Reserved | Reserved - 0.1 0xxOy | 00000xxOy | nextPC
Interrupt | INTWTOUV | WTO underflow WTO 2 00AOy | 000000A0y | nextPC
Interrupt | INTWTTUV | WT1 underflow WT1 3 00BOy | 000000BOy | next PC
Interrupt | Reserved | Reserved - 4 00COy | 000000CO | nextPC
Interrupt | INTTMO1 Watch calibration timer weT 5 00DOy | 00000000y | next PC
capture compare
Interrupt | INTPO External interrupt 0 PORT 6 00EOH | 000000EQOy | next PC
Interrupt | INTP1 External interrupt 1 PORT 7 00FOy | 000000FO | next PC
Interrupt | INTP2 External interrupt 2 PORT 8 01004 | 00000100y | next PC
Interrupt | INTP3 External interrupt 3 PORT 9 0110y | 00000110y | next PC
Interrupt | Reserved | Reserved - 10...12 0xx0n 00000xx0y | nextPC
Interrupt | INTTZOUV | TMZO underflow TMZ0 13 0150y | 00000150y | next PC
Interrupt | INTTZ1UV | TMZ1 underflow TMZ1 14 01604 | 00000160y | nextPC
Interrupt | INTTZ2UV | TMZ2 underflow TMZ2 15 01704 000001704 | next PC
Interrupt | INTTZ3UV | TMZ4 underflow TMZ3 16 0180y | 00000180y | next PC
Interrupt | INTTZ4UV | TMZ4 underflow TMZ4 17 01904 | 00000190y | nextPC
Interrupt | INTTZ5UV | TMZ5 underflow TMZ5 18 01AOy | 00000190y | nextPC
Interrupt | INTTPOOV | TMPO overflow TMPO 19 01BOy | 000001BOy | next PC
Interrupt | INTTPOCCO | TMPO capture compare TMPO 20 01C0y | 000001COy | next PC
channel 0
Interrupt | INTTPOCC1 | TMPO capture compare TMPO 21 0100y | 000001D0y | next PC
channel 1
Interrupt | Reserved | Reserved - 22...30 0xxOy | 00000xxOy | nextPC
Interrupt | INTTGOOVO | TMGO overflow interrupt 0 TMGO 31 0270y | 000002704 | next PC
Interrupt | INTTGOOV1 | TMGO overflow interrupt 1 TMGO 32 02804 | 00000280y | nextPC
Interrupt | INTTGOCCO | TMGO capture compare MGO 33 0290, 00000290y, | next PC
channel 0
Interrupt | INTTGOCC1 | TMGO capture compare ™GO 34 02A0, | 000002A0y | next PC
channel 1
Interrupt | INTTGOCC2 | TMGO capture compare MGO 35 0280, | 00000280y | next PC
channel 2
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Table 6-1 Interrupt/exception source list (2/3)
Interrupt/Exception Source
Tvpe Classific - Default | Exception | Handler | Restored
yp ation Name Generating s°urce Gen::l?:lng Priority Code Address PC
Maskable | Interrupt | INTTGOCC3 | TMGO capture compare
channel 3 TMGO 36 02C0y | 000002C0Oy | next PC
Interrupt | INTTGOCC4 | TMGO capture compare
channel 4 TMGO 37 02D0Oy | 000002DOy | next PC
Interrupt | INTTGOCC5 | TMGO capture compare TMGO 38 02E0 000002E0 next PC
channel 5 H H
Interrupt | INTTGIOVO | TMG1 overflow interrupt O TMG1 39 02FOy | 000002FO | next PC
Interrupt | INTTGIOV1 | TMG1 overflow interrupt 1 TMG1 40 03004 | 00000300y | nextPC
Interrupt | INTTGICCO | TMG1 capture compare
channel 0 TMG1 4 03104 | 00000310y | next PC
Interrupt | INTTG1CC1 | TMG1 capture compare
channel 1 TMG1 42 0320y | 000003204 | next PC
Interrupt | INTTGICC2 | TMG1 capture compare
channel 2 TMG1 43 03304 | 00000330y | nextPC
Interrupt | INTTG1CC3 | TMG1 capture compare
channel 3 TMG1 44 0340y | 000003404 | next PC
Interrupt | INTTGICC4 | TMG1 capture compare
channel 4 TMG1 45 0350 | 00000350y | nextPC
Interrupt | INTTG1CC5 | TMG1 capture compare
channel 5 TMG1 46 0360 | 00000360y | nextPC
Interrupt | Reserved | Reserved — 47...48 0xx0nH 00000xx0y | next PC
Interrupt | INTAD ADC end of conversion ADC 49 03904 | 00000390y | nextPC
Interrupt | INTCOERR | CANO error interrupt CANO 50 03A0y | 000003A0y | next PC
Interrupt | INTCOWUP | CANO wake up interrupt CANO 51 03BOy | 000003BOy | next PC
Interrupt | INTCOREC | CANO receive interrupt CANO 52 03C0Oy | 000003COy | nextPC
Interrupt | INTCOTRX | CANO transmit interrupt CANO 53 03D0Oy | 000003DOy | next PC
Interrupt | INTCBORE | CSIBO receive error CSIBO 54 03E0 000003E0 next PC
interrupt H H
Interrupt | INTCBOR | CSIBO receive complete
interrupt CSIBO 55 03FOy | 000003FOy | next PC
Interrupt | INTCBOT | CSIBO transmit interrupt CSIBO 56 0400y | 00000400y | nextPC
Interrupt | INTUAORE | UARTAO receive error
interrupt UARTAO 57 04104 | 00000410y | next PC
Interrupt | INTUAOR | UARTAOQ receive complete UARTAO 58 0420 00000420 next PC
interrupt H H
Interrupt | INTUAOT | UARTAO transmit interrupt UARTAO 59 04304 | 00000430y | nextPC
Interrupt | INTUATRE | UARTA1 receive error
interrupt UARTA1 60 0440y | 00000440y | next PC
Interrupt | INTUATR | UARTA1 receive complete UARTAf 61 0450 00000450 next PC
interrupt H H
Interrupt | INTUATT | UARTA1 transmit interrupt UARTA1 62 04604 | 00000460y | next PC
Interrupt | INTIICO [1CO interrupt [1C0 63 0470y | 00000470y | next PC
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Table 6-1 Interrupt/exception source list (3/3)
» Interrupt/Exception Source :

Tvpe Classific - Default | Exception | Handler | Restored
yp a“on Name Generating s°urce Gen::l?:lng Priori(y Code Address PC
Maskable | Interrupt | Reserved | Reserved - 64...69 0xx0n 00000xx0y | next PC

Interrupt | INT70 not generated by hardware? - 70 04EOy | 000004EQy | next PC

Interrupt | INT71 not generated by hardware? — 71 04FOy | 000004FOy | next PC

Interrupt | Reserved | Reserved — 72...88 0xx0n 00000xx0y | next PC

Interrupt | INTCB1RE QSIB1 receive error CSIBY 89 0610, 00000610y | next PC
interrupt

Interrupt | INTCB1R QSIB1 receive complete CSIB 90 0620y | 00000620, | next PC
interrupt

Interrupt | INTCBIT | CSIB1 transmit interrupt CSIB1 91 0630 | 00000630y | next PC

a) These interrupts can be used as software triggered interrupts.
Default priority: The priority order when two or more maskable interrupt requests are
generated at the same time.

The highest priority is 0.

1. Restored PC: The value of the PC saved to EIPC or FEPC when interrupt/
exception processing is started. However, the value of the PC saved when
an interrupt is acknowledged during division (DIV, DIVH, DIVU, DIVHU)
instruction execution is the value of the PC of the current instruction (DIV,
DIVH, DIVU, DIVHU).

2. nextPC: The PC value that starts the processing following interrupt/excep-
tion processing.

3. The execution address of the illegal instruction when an illegal opcode
exception occurs is calculated by (Restored PC — 4).
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6.2

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
two requests:

e NMIO: NMI pin input

¢ NMIWDT: Non-maskable Watchdog Timer interrupt request

When the valid edge specified by the ESELO, ESEL0O0 and ESELO1 bits of the
Interrupt mode register O(INTMO) is detected on the NMI pin, the interrupt
occurs.

The Watchdog Timer interrupt request is only effective as non-maskable
interrupt if the WDTMODE bit of the Watchdog Timer mode register (WDTM) is
set 0.

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):

NMIWDT > NMIO

Note that if a NMI from port pin or NMIWDT request is generated while NMI
from port pin is being serviced, the service is executed as follows.

If a NMIO is generated while NMIO is being serviced

The new NMIO request is held pending regardless of the value of the PSW.NP
bit. The pending NMIVC request is acknowledged after servicing of the current
NMIO request has finished (after execution of the RETI instruction).

If a NMIWDT request is generated while NMIO is being serviced

If the PSW.NP bit remains set (1) while NMIO is being serviced, the new
NMIWDT request is held pending. The pending NMIWDT request is
acknowledge after servicing of the current NMIO request has finished (after
execution of the RETI instruction).

If the PSW.NP bit is cleared (0) while NMIO is being serviced, the newly
generated NMIWDT request is executed (NMIO 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 NMIO can be restored by the RETI instruction at this
time. Because NMIWDT 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 NMIO interrupt afterwards cannot be acknowledged
correctly.
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NMIO and NMIWDT requests generated
simultaneously

Main routine

NMIWDT servicing

NMIO and NMIWDT —=
requests
(generated
simultaneously)

System reset

Figure 6-1 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
NMIO NMIWDT
NMIO NMIO request generated during NMIWDT request generated
NMIO servicing during NMIO servicing
(NP = 1 retained before NMI1
request)
NMIO servicing NMIO servicing
NMIO request | (Held pending) NMIWDT request | (Held pending)
NMIO request ¥ y NMIO request Y
I;» "] NnmwDT servicing
Servicing of
pending NMIO
A \ \
System reset
NMIWDT request generated
during NMIO servicing (NP=0
set before NMIWDT request)
servicing
NP=0
NMIO NMIWDT
request request
NMIWDT request generated
during NMIO servicing (NP=0
set after NMIWDT request)
g
NMIO request
request NP =0
NMIWDT NMIO request generated during NMI1 request generated
NMIWDT servicing during NMIWDT servicing
NMIWDT NMIWDT
servicing servicing
NMIO request | (Invalid) NMIWDT request] (Invalid)
NMIWDT
NMIWDT request

Figure 6-2 Example of non-maskable interrupt request acknowledgement operation:
NMI request generated during NMI servicing
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6.2.1

Operation

If a non-maskable interrupt is generated, the CPU performs the following
processing, and transfers control to the handler routine:

(1)
)
@)
(4)
(5)

Saves the restored PC to FEPC.

Saves the current PSW to FEPSW.

Writes exception code 0010y to the higher halfword (FECC) of ECR.
Sets the NP and ID bits of the PSW and clears the EP bit.

Sets the handler address corresponding to the non-maskable interrupt to
the PC, and transfers control.

The processing configuration of a non-maskable interrupt is shown in

Figure 6-3.
( NMI input )
INTC
acknowledgement
Non-maskable interrupt
request
CPU processing
“ |
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 6-3 Processing configuration of non-maskable interrupt
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6.2.2 Restore

(1) NMIO
Execution is restored from the non-maskable interrupt (NMIO) 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
PSWis 1.

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

Figure 6-4 illustrates how the RET]I instruction is processed.

C RETI instruction )

| 0

! 1

; PSW.NP

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

( Original processing restored )

Figure 6-4 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.

(2) NMIWDT
Restoring by RETI instruction is not possible. Perform a system reset after
interrupt servicing.
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6.2.3 Non-maskable interrupt status flag (NP)

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

This flag is set when an NMI interrupt has been acknowledged, and masks all
interrupt requests and exceptions to prohibit multiple interrupts from being
acknowledged.

31 8 7 6 5 4 3 2 1 0 |Iniialvalue

L S B e B e B B B E Y B B B
PSWJ)0 000000O0O0CO0O0O0O0O0O0O0O0O0O0O0O0TO0O0O|NP|EP|ID|SAT|CY|QV| S | Z | 00000020H

Bit position | Bit name | Function

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

6.2.4 NMIO control

The NMIO can be configured to generate an NMI upon a rising, falling or both
edges at the NMI pin. To enable respectively disable the NMIO and to configure
the edge refer to “Edge and Level Detection Configuration”on page 204.
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6.3 Maskable Interrupts

6.3.1

Maskable interrupt requests can be masked by interrupt control registers.

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

Operation

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

(1) Saves the restored PC to EIPC.

(2) Saves the current PSW to EIPSW.

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

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

The processing configuration of a maskable interrupt is shown in Figure 6-5.

RO1UH0027ED0420 Rev. 4.20 RENESAS 190

User Manual



Chapter 6

Interrupt Controller (INTC)

INTC accepted

CPU processing

T C 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?

- CMaskabIe interrupt request)

C Interrupt request pending )

EIPSW -— PSW

EIPC —— restored PC C Interrupt request pending )

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

PSW.ID =1

PC -— handler address

C Interrupt processing )

Figure 6-5 Maskable interrupt processing

Note For the ISPR register, see “ISPR - In-service priority register” on page 202.

An INT input masked by the Interrupt Controllers and an INT input that occurs
while another interrupt is being processed (when PSW.NP = 1 or PSW.ID = 1)
are held pending internally by the Interrupt Controller. In such case, if the

interrupts are unmasked, or when PSW.NP = 0 and PSW.ID = 0 as set by the
RETI and LDSR instructions, input of the pending INT starts the new maskable
interrupt processing.
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6.3.2 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 6-6 illustrates the processing of the RETI instruction.
( RET! instruction >
1 ﬂ
0
1
<v> ~~~~~~~~~~~~~~~~~~~~~~~~~
0 %
PC - EIPC PC = FEPC
PSW ~— EIPSW PSW —<— FEPSW
Corresponding <— 0
bit of ISPRNete ‘
( Restores original processing >
Figure 6-6 RETI instruction processing
Note 1. Forthe ISPR register, see “ISPR - In-service priority register” on page 202.
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
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.

6.3.3 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.
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There are two types of priority level control: control based on the default
priority levels, and control based on the programmable priority levels that are
specified by the interrupt priority level specification bit (xxPRn) of the interrupt
control register (xxICn). When two or more interrupts having the same priority
level specified by the xxPRn bit are generated at the same time, interrupts are
serviced in order depending on the priority level allocated to each interrupt
request type (default priority level) beforehand. For more information, refer to
the interrupt/exception source list table. The programmable priority control
customizes interrupt requests into eight levels by setting the priority level
specification flag.

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

outine )

m

3

Interrupt request a —
(level 3)

Interrupt request ¢ —
(level 3)

Interrupt request e —
(level 2)

Interrupt
request b
(level 2) —=

\ A

Interrupt request d
(level 2)—=

\ /)

Interrupt request f
(level 3) —

/1

El

Interrupt request g —
(level 1)

Interrupt request h
(level 1) —

|

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.

Figure 6-7 Example of processing in which another interrupt request is issued
while an interrupt is being processed (1/2)

Cautio

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

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

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

interrupt

requests.
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( Main routine )

El

Processing of i
El Processing of k

Interrupt
Interrupt request i — Elequ?SSt)J*
level 2 evel . . .
( ) Interrupt requestk Interrupt request j is held pending because its

priority is lower than that of i.

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

Processing of |

interrupt Interrupt requests m and n are held pending
request m because processing of | is performed in the
(level 3) - interrupt disabled status.

Interrupt request n
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.

Interrupt request | —
(level 2)

Processing of n

Processing of m

Processing of o

EI Processing of p .
\/TEI Processing of q _
Interrupt nterrupt \/?3 Processing of r

request p =™
(level 2) request q-=L—"Interrupt
(level 1)

Interrupt request 0 —
(level 3)

request r —w
(level 0)

If levels 3 to 0 are acknowledged

Processing of s Pending interrupt requests t and u are
acknowledged after processing of s.
Because the priorities of t and u are the same, u is

Interrupt

request t acknowledged first because it has the higher
Interrupt request s — (level 2) | Note 1 default priority, regardless of the order in which the
(level 1) Interrupt request u interrupt requests have been generated.

level 2)—m| Note2

:

Processing of u

Processing of t

Figure 6-8 Example of processing in which another interrupt request is issued
while an interrupt is being processed (2/2)
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Caution The values of the EIPC and EIPSW registers must be saved before executing
multiple interrupts. When returning from multiple interrupt servicing, restore the
values of EIPC and EIPSW after executing the DI instruction.

Note 1. Lower default priority
2. Higher default priority

( Main routine )

El

Interrupt request a (level 2)
Interrupt request b (level 1) -
Interrupt request ¢ (level 1) NMI request =

T

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

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

Default priority according to the default priority.

a>b>c

Processing of interrupt request c

Processing of interrupt request a

W

Figure 6-9 Example of processing interrupt requests simultaneously generated

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

Remark <a> to <c> in the figure are the temporary names of interrupt requests shown
for the sake of explanation.
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6.3.4 xxIC - Maskable interrupts control register
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 8-bit or 1-bit units.
Address FFFF F110y to FFFF F18Ey (refer to Table 6-3 on page 198)

Initial Value 47y

7 6 5 4 3 2 1 0
xxIF xxMK 0 0 0 xxPR2 xxPR1 xxPRO
R/W R/W R/W R/W R/W R/W R/W R/W

Table 6-2 xxIC register contents

Bit position Bit name | Function

7 xxIF This is an interrupt request flag.

0: Interrupt request not issued

1: Interrupt request issued
The flag xxIFn is reset automatically by the hardware if an interrupt request is
acknowledged.

6 xxMK This is an interrupt mask flag.
0: Enables interrupt processing
1: Disables interrupt processing (pending)

2100 xxPR2to | 8 levels of priority order are specified for each interrupt.
XxPRO xxPR2 | xxPR1 xxPRO | Interrupt priority specification bit
0 0 0 Specifies level 0 (highest)
0 0 1 Specifies level 1
0 1 0 Specifies level 2
0 1 1 Specifies level 3
1 0 0 Specifies level 4
1 0 1 Specifies level 5
1 1 0 Specifies level 6
1 1 1 Specifies level 7 (lowest)

Note xx: identification name of each peripheral unit (WTOUV-WT1UV, TMO01, P0-P3,
TZOUV-TZ5UV, TPOOV, TPOCCO, TPOCC1, TGOOVO-TG10V0, TGOOV1-
TG10V1, TGOCCO-TG1CCO, TGOCC1-TG1CC1, TGOCC2-TG1CC2,
TGOCC3-TG1CC3, TGOCC4-TG1CC4, TGOCC5-TG1CC5, AD, COERR,
COWUP, COREC, COTRX, CBORE-CB1RE, CBOR-CB1R, CBOT-CB1T,
UAORE-UA1RE, UAOR-UA1R, UAOT-UA1T, IICO, INT70, INT71)

The address and bit of each interrupt control register are shown in the
following table.
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Table 6-3 Addresses and bits of interrupt control registers (1/2)
Address | Register Bit
7 6 5 4 3 2 1 0
FFFFF114y | WTOUVIC | WTOUVIF WTOUVMK 0 0 0 WTOUVPR2 | WTOUVPR1 | WTOUVPRO
FFFFF116y | WT1UVIC | WT1UVIF WT1UVMK 0 0 0 WT1UVPR2 | WT1UVPR1 | WT1UVPRO
FFFFF11AH TMO1IC TMO1IF TMO1MK 0 0 0 TM01PR2 TMO1PR1 TMO1PRO
FFFFF11CH POIC POIF POMK 0 0 0 POPR2 POPR1 POPRO
FFFFF11EY P1IC P1IF P1MK 0 0 0 P1PR2 P1PR1 P1PRO
FFFFF1204 P2IC P2IF P2MK 0 0 0 P2PR2 P2PR1 P2PR0
FFFFF1224 P3IC P3IF P3MK 0 0 0 P3PR2 P3PR1 P3PRO
FFFFF12Ay | TZOUVIC TZOUVIF TZOUVMK 0 0 0 TZOUVPR2 | TZOUVPRI1 TZOUVPRO
FFFFF12CH | TZ1UVIC TZAUVIF TZ1UVMK 0 0 0 TZ1UVPR2 | TZ1UVPR1 TZ1UVPRO
FFFFF12Ey | TZ2UVIC TZ2UVIF TZ2UVMK 0 0 0 TZ2UVPR2 | TZ2UVPR1 TZ2UVPRO
FFFFF130y | TZ3UVIC TZ3UVIF TZ3UVMK 0 0 0 TZ3UVPR2 | TZ3UVPR1 TZ3UVPRO
FFFFF132y | TZ4UVIC TZ4UVIF TZ4UVMK 0 0 0 TZ4UVPR2 | TZ4UVPR1 TZ4UVPRO
FFFFF134y | TZ5UVIC TZ5UVIF TZ5UVMK 0 0 0 TZ5UVPR2 | TZ5UVPR1 TZ5UVPRO
FFFFF136y | TPOOVIC TPOOVIF TPOOVMK 0 0 0 TPOOVPR2 | TPOOVPR1 | TPOOVPRO
FFFFF138y | TPOCCOIC | TPOCCOIF | TPOCCOMK 0 0 0 TPOCCOPR2 | TPOCCOPR1 | TPOCCOPRO
FFFFF13Ay | TPOCC1IC | TPOCC1IF | TPOCCIMK 0 0 0 TPOCC1PR2 | TPOCC1PR1 | TPOCC1PRO
FFFFF14Ey | TGOOVOIC | TGOOVOIF | TGOOVOMK 0 0 0 TGOOVOPR2 | TGOOVOPR1 | TGOOVOPRO
FFFFF150 | TGOOV1IC | TGOOV1IF | TGOOVIMK 0 0 0 TGOOViPR2 | TGOOVIPR1 | TGOOVIPRO
FFFFF152y | TGOCCOIC | TGOCCOIF | TGOCCOMK 0 0 0 TGOCCOPR2 | TGOCCOPR1 | TGOCCOPRO
FFFFF154y | TGOCC1IC | TGOCC1IF | TGOCCIMK 0 0 0 TGOCC1PR2 | TGOCC1PR1 | TGOCC1PRO
FFFFF156 | TGOCC2IC | TGOCC2IF | TGOCC2MK 0 0 0 TGOCC2PR2 | TGOCC2PR1 | TGOCC2PRO
FFFFF158y | TGOCC3IC | TGOCC3IF | TGOCC3MK 0 0 0 TGOCC3PR2 | TGOCC3PR1 | TGOCC3PRO
FFFFF15A | TGOCC4IC | TGOCCA4IF | TGOCCAMK 0 0 0 TGOCC4PR2 | TGOCC4PR1 | TGOCC4PRO
FFFFF15Cy | TGOCC5IC | TGOCCSIF | TGOCC5MK 0 0 0 TGOCC5PR2 | TGOCC5PR1 | TGOCC5PRO
FFFFF15Ey | TG1OVOIC | TG1OVOIF | TG1OVOMK 0 0 0 TG10VOPR2 | TG1OVOPR1 | TG1OVOPRO
FFFFF160y | TG1OVIIC | TG1OV1IF | TG1OVIMK 0 0 0 TG1OV1PR2 | TG1OViIPR1 | TG1OV1PRO
FFFFF162y | TG1CCOC | TG1CCOIF | TG1CCOMK 0 0 0 TG1CCOPR2 | TG1ICCOPR1 | TG1CCOPRO
FFFFF164y | TG1CC1IC | TG1CC1IF | TG1CCIMK 0 0 0 TG1CC1PR2 | TG1ICC1PR1 | TGICC1PRO
FFFFF166y | TG1CC2IC | TG1CC2IF | TG1CC2MK 0 0 0 TG1CC2PR2 | TG1CC2PR1 | TG1CC2PRO
FFFFF168y | TG1CC3IC | TG1CC3IF | TG1CC3MK 0 0 0 TG1CC3PR2 | TG1ICC3PR1 | TG1CC3PRO
FFFFF16Ay | TG1CC4IC | TG1CCA4IF | TG1CCAMK 0 0 0 TG1CC4PR2 | TG1CC4PR1 | TG1CC4PRO
FFFFF16Cy | TG1CCSIC | TG1CC5IF | TG1CC5MK 0 0 0 TG1CC5PR2 | TG1CC5PR1 | TG1CC5PRO
FFFFF1724 ADIC ADIF ADMK 0 0 0 ADPR2 ADPR1 ADPRO
FFFFF174y | COERRIC COERRIF COERRMK 0 0 0 COERRPR2 | COERRPR1 | COERRPRO
FFFFF176 | COWUPIC | COWUPIF COWUPMK 0 0 0 COWUPPR2 | COWUPPR1 | COWUPPRO
FFFFF1784 | CORECIC CORECIF CORECMK 0 0 0 CORECPR2 | CORECPR1 | CORECPRO
FFFFF17Ay | COTRXIC COTRXIF COTRXMK 0 0 0 COTRXPR2 | COTRXPR1 | COTRXPRO
FFFFF17Cy | CBOREIC CBOREIF CBOREMK 0 0 0 CBOREPR2 | CBOREPR1 | CBOREPRO
FFFFF17EH CBORIC CBORIF CBORMK 0 0 0 CBORPR2 CBORPRT1 CBORPRO
FFFFF1804 CBOTIC CBOTIF CBOTMK 0 0 0 CBOTPR2 CBOTPR1 CBOTPRO
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Table 6-3 Addresses and bits of interrupt control registers (2/2)

Address | Register eit
7 6 5 4 3 2 1 0
FFFFF182y | UAOREIC | UAOREIF UAOREMK 0 0 0 UAOREPR2 | UAOREPR1 | UAOREPRO
FFFFF184y | UAORIC UAORIF UAORMK 0 0 0 UAORPR2 UAORPR1 UAORPRO
FFFFF186y | UAOTIC UAOTIF UAOTMK 0 0 0 UAOTPR2 UAOTPRT UAOTPRO
FFFFF188y | UATREIC | UA1REIF UATREMK 0 0 0 UATREPR2 | UAIREPR1 | UA1REPRO
FFFFF18Ay | UA1RIC UA1RIF UATRMK 0 0 0 UA1RPR2 UA1RPR1 UA1RPRO
FFFFF18CH | UAITIC UA1TIF UA1TMK 0 0 0 UA1TPR2 UA1TPR1 UA1TPRO
FFFFF18EL 11Co0IC [ICOIF [ICOMK 0 0 0 [ICOPR2 [ICOPR1 [ICOPRO
FFFFF19CH | INT70IC INT70IF INT70MK 0 0 0 INT70PR2 INT70PR1 INT70PRO
FFFFF19EL | INT71IC INT71IF INT71MK 0 0 0 INT71PR2 INT71PR1 INT71PRO
FFFFF1C2y | CB1REIC | CB1REIF CB1REMK 0 0 0 CBIREPR2 | CB1REPR1 | CB1REPR0
FFFFF1C4y | CB1RIC CB1RIF CB1RMK 0 0 0 CB1RPR2 CB1RPR1 CB1RPRO
FFFFF1C6y | CBITIC CB1TIF CB1TMK 0 0 0 CB1TPR2 CB1TPR1 CB1TPRO
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6.3.5 IMRO to IMRS5 - Interrupt mask registers
These registers set the interrupt mask state for the maskable interrupts.
The xxMK bit of the IMRm (m = 0 to 5) registers is equivalent to the xxMK bit of
the xxIC register.
Caution IMask bits without function, indicated with “1”, must not be altered. Make sure
to set them “1” when writing to the register.
Access These registers can be read/written in 16-bit and 8-bit units.
The address of the lower 8-bit register IMRmL is equal to that of the 16-bit
IMRm register, and the higher 8-bit register IMRmH can be accessed on the
following address (address (IMRm) + 1).
Address IMRO, IMROL: FFFF F1004 IMROH: FFFF F101y
IMR1, IMR1L: FFFF F102y IMR1H: FFFF F103y
IMR2, IMR2L: FFFF F104y IMR2H: FFFF F105y
IMR3, IMR3L: FFFF F106y IMR3H: FFFF F107y
IMR4, IMR4L: FFFF F108y IMR4H: FFFF F109y
IMR5, IMR5L: FFFF F10A4 IMR5H: FFFF F10By
Initial Value FFFFy
15 14 13 12 11 10 9 8
IMRO [ Tz20vMK | Tztuvmk [ Tzouvmk [ 1 | 1 | 1 | pawk | pPamk |
R/W R/W R/W R/W R/W R/W R/W R/W
7 5 4 3 2 1 0
[ Pimk | pomk [ TmoMK [ 1 JwTtUvMK [ WTOUVMK | 1|
R/W R/W R/W R/W R/W R/W R/W R/W
7 5 4 3 2 1 0
IMR1  [TGoOVOMK| K I 1]
R/W R/W R/W R/W R/W R/W R/W R/W
7 5 4 3 2 1 0
[ 1 ] | TPOCCIMK [TPOCCOMK | TPOOVMK | TZ5UVMK | TZ4UVMK | TZ3UVNK |
R/W R/W R/W R/W R/W R/W R/W R/W
7 5 4 3 2 1 0
IMR2 [ 1 |TGICCSMK|TG1CCAMK|TG1CCaMK |TG1CC2MK|TG1CCTMK|TG1CCOMK|TG1OVINK|
R/W R/W R/W R/W R/W R/W R/W R/W
7 5 4 3 2 1 0
[TG10VOMK|TGOCCEMK | TGOCCAMK | TGOCCMK | TGOCC2MK|TGOCCTMK | TGOCCOMK | TGOOV1MK|
R/W R/W R/W R/W R/W R/W R/W R/W
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7 6 5 4 3 2 1 0
IMR3 | ICOMK \ UATTMK \ UA1RMK ‘UA1REMK‘ UAOTMK \ UAORMK ‘UAOREMK| CBOTMK |
R/W R/W R/W R/W RIW R/IW R/IW R/IW

7 6 5 4 3 2 1 0
| CBORMK ‘CBOREMK \ COTRXMK ‘CORECMK ‘COWUPMK \ COERRMK‘ ADMK | 1 |
R/W R/W R/W R/W R/W R/W R/W R/W

7 6 5 4 3 2 1 0
IMR4 | 1 \ i \ i \ 1 \ 1 \ 1 \ 1 | 1 |
R/W R/W R/IW R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
| INT71MK \ INT70MK \ 1 \ 1 \ 1 \ 1 \ SGOMK | 1 |
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
IMR5 | 1 \ 1 \ 1 \ 1 \ CB1TMK \ CB1RMK ‘CB1REMK| 1 |

R/wW R/W R/wW R/W R/W R/W R/W R/W

Bit position

Bit name | Function

15100

xxXMK Interrupt mask flag.
0: Interrupt servicing enabled
1: Interrupt servicing disabled (pending)

Note xx: identification name of each peripheral unit (WTOUV-WT1UV, TMO01, P0-P3,
TZOUV-TZ3UV, TPOOV, TPOCCO, TPOCC1, TGOOVO-TG10V0, TGOOV1-
TG10V1, TGOCCO-TG1CCO0, TGOCC1-TG1CC1, TGOCC2-TG1CC2,
TGOCC3-TG1CC3, TGOCC4-TG1CC4, TGOCC5-TG1CC5, AD, COERR,
COWUP, COREC, COTRX, CBORE-CB1RE, CBOR-CB1R, CBOT-CB1T,
UAORE-UA1RE, UAOR-UA1R, UAOT-UA1T, lICO, INT70, INT71)
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6.3.6 ISPR - In-service priority register

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

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

This register is read-only in 8-bit or 1-bit units.
This register can be read/written in 8-bit or 1-bit units.
Address FFFF F19Ay4

Initial Value 00y

7 6 5 4 3 2 1 0
ISPR7 ISPR6 ISPR5 ISPR4 ISPR3 ISPR2 ISPR1 ISPRO
R/W R/W R/W R/W R/W R/W R/W R/W

Bit position | Bit name | Function

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

Note n=0to 7 (priority level)

6.3.7 Maskable interrupt status flag (ID)

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

Initial Value 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 RW RW

Bit position | Bit name | Function

5 ID Indicates whether maskable interrupt processing is enabled or disabled.

0: Maskable interrupt request acknowledgement enabled

1: Maskable interrupt request acknowledgement disabled (pending)
This bit is set to 1 by the Dl instruction and reset to 0 by the El instruction. Its value
is also modified by the 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.
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6.3.8

6.3.9

External maskable interrupts

This microcontroller provides maskable external interrupts INTPn with the
following features:

¢ Analog input filter (refer to “Analog filtered inputs” on page 97)
¢ Interrupt detection selectable for each interrupt input:

Rising edge

Falling edge

Both edges: rising and falling edge

High level

Low level

e Wakeup capability from stand-by mode of INTPn upon

Rising edge

Falling edge

Both edges: rising and falling edge

For configuration of the external interrupt events refer to “Edge and Level
Detection Configuration” on page 204.

Software interrupts

This microcontroller provides maskable software interrupts to for processing of
an interrupt service routine by the application software.

For initiating a software interrupt the interrupt request flag xxIC.xxIF of the
concerned software interrupt “xx” must be set to 1. The following processing is
identical to that of all other maskable interrupts.
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6.4 Edge and Level Detection Configuration
The microcontroller provides the maskable external interrupts INTPn and one
non-maskable interrupt (NMI).
INTPn can be configured to generate interrupts upon edges or levels, the NMI
can be set up to react on edges.
(1) INTMO to INTM1 - External interrupt configuration register
External interrupt function is configured by the registers INTMO...INTM1.
Access These registers can be read/written in 8-bit and 1-bit units.
Address INTMO: FFFF F7004
INTM1: FFFF F702y
INTM2: FFFF F704y
INTM3: FFFF F7064
Initial Value 00y
7 6 5 4 3 2 1 0
INTMO | 0 |ELSEL1|ESEL11 [ ESEL10 | NMIEN | ELSELO | ESELOT | ESELOO |
R R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
INTM1 | o |ELSEL3 |ESEL31|[ESEL30| o0 [ELSEL2 | ESEL21 | ESEL20 |
R R/W R/W R/W R R/W R/W R/W
7 6 5 4 3 2 1 0
INTM2 | o |ELSEL5 | ESEL51 | ESEL50 | 0 | ELSEL4 | ESEL41 | ESEL4O |
R R/W R/W R/W R R/W R/W R/W
7 6 5 4 3 2 1 0
INTM3 | o |ELSEL7 |ESEL71 |ESEL70| 0 | ELSEL6 | ESEL61 | ESEL6O |
R R/W R/W R/W R R/W R/W R/W
The register bits ELSELn, ESELn1 and ESELNO configure the INTPn interrupt
function:
ELSELNn ESELn1 ESELnO | Function
0 0 0 falling edge
0 0 1 rising edge
0 1 0 prohibited to use
0 1 1 falling and rising edge
1 0 0 low level detection
1 0 1 high level detection
1 1 0 low level detection
1 1 1 high level detection
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The NMI and INTPO share the same pin. The register bits NMIEN, ESELO,
ESELO1 and ESELOO configure the NMI and INTPO interrupt function:

NMIEN ESELO ESELO1 ESELO00 Function
NMI INTPO
0 0 0 falling edge
0 0 1 rising edge
0 1 0 prohibited
0 0 1 1 asked both edges
1 0 0 low level
1 0 1 high level
1 1 0 low level
1 1 1 high level
0 0 0 falling edge falling edge
0 0 1 rising edge rising edge
0 1 0 prohibited prohibited
] 0 1 1 both edges both edges
1 0 0 falling edge low level
1 0 1 rising edge high level
1 1 0 prohibited low level
1 1 1 both edges high level

Caution The NMI configuration bits INTMO.NMIEN and INTMO.ESELO[1:0] can only be
changed if INTMO.NMIEN = 0.
Due to INTMO.NMIEN = 0 after reset the NMI function is disabled and must be
enabled by the application software. Once enabled, the NMI function cannot be
disabled by software.
Specify INTMO.ESELO[1:0] before or at the same time with setting
INTMO.NMIEN = 1.

Note that INTMO.ESELO can be written independently of INTMO.NMIEN.
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6.5 Software Exception

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

6.5.1 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.

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

(4) Sets the EP and ID bits of the PSW.

(5) Sets the handler address (000000404 or 000000504 corresponding to
the software exception to the PC, and transfers control.

Figure 6-10 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 6-10 Software exception processing

CPU processing

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

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

it becomes 00000050
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6.5.2 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 6-11 illustrates the processing of the RET]I instruction.

C RET]I instruction )

0
‘w |
i 0
PC ~—EIPC PC <« FEPC
PSW ~—EIPSW PSW ~— FEPSW

o m — o m o _____.

C Original processing restored )

Figure 6-11 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 RET]I 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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6.5.3 Exception status flag (EP)

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

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

31 8 7 6 5 4 3 2 1 0
fixed to 0 |Ne [ EP [ D [sar|cy|ov]| s | z |
R R RW RW RW RW RW RW RW RW
Bit position | Bit name Function
6 EP Shows that exception processing is in progress.

0: Exception processing not in progress.
1: Exception processing in progress.
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6.6 Exception Trap

6.6.1

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.

lllegal opcode definition

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

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

23 22 16 15 11 10 5 4 0

X X X X X x|0lx x x x x|{1 1 1 1 1 1{x x x X X

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.
(8) Sets the NP, EP, and ID bits of the PSW.

(4) Sets the handler address (000000604 corresponding to the exception
trap to the PC, and transfers control.

Figure 6-12 illustrates the processing of the exception trap.
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- C Exception trap (ILGOP) occurs )

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

PSW.EP «—1

PSW.ID =1

PC ~—00000060H

C Exception processing )

CPU processing

Figure 6-12 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 6-13 illustrates the restore processing from an exception trap.

C DBRET instruction )

PC <«— DBPC
PSW -=—  DBPSW

( Jump to address of restored PC )

Figure 6-13 Restore processing from exception trap
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6.6.2 Debug trap
The debug trap is an exception that can be acknowledged every time and is
generated by execution of the DBTRAP instruction.

When the debug trap is generated, the CPU performs the following processing.

(1) Operation

When the debug trap is generated, the CPU performs the following processing,
transfers control to the debug monitor routine, and shifts to debug mode.

(1) Saves the restored PC to DBPC.
(2) Saves the current PSW to DBPSW.
(8) Sets the NP, EP and ID bits of the PSW.

(4) Sets the handler address (000000604 corresponding to the debug trap
to the PC and transfers control.

Figure 6-14 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

( Exception processing )

CPU processing

Figure 6-14 Debug trap processing
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(2) Restore

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

(1) Loads the restored PC and PSW from DBPC and DBPSW.
(2) Transfers control to the address indicated by the restored PC and PSW.

Figure 6-15 illustrates the restore processing from a debug trap.

C DBRET instruction )

PC - DBPC
PSW -— DBPSW

C Jump to address of restored PC )

Figure 6-15 Restore processing from debug trap
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6.7 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.
(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

e Elinstruction (interrupt acknowledgment enabled)

Higher priority maskable interrupt
acknowledgment

e Dl instruction (interrupt acknowledgment disabled)

e Saved value restored to EIPSW

¢ Saved value restored to EIPC

e RETI instruction
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(2) Generation of exception in service program

Service program of maskable interrupt or exception

e EIPC saved to memory or register

¢ EIPSW saved to memory or register

e TRAP instruction

TRAP/exception acknowledgment

e Saved value restored to EIPSW

e Saved value restored to EIPC

e RETI instruction

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 PPRN2 bits of the interrupt control request register (PICn), which is
provided for each maskable interrupt request. After system reset, an interrupt
request is masked by the PMKn bit and the priority order is set to level 7 by the
PPRNO 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)

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 RET]I instruction has been executed.

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

Caution In a non-maskable interrupt processing routine (time until the RETI instruction
is executed), maskable interrupts are suspended and not acknowledged.
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6.8

Interrupt acknowledgement operation INT1 |INT2 INT3|INT4

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
e When an external bus is accessed

* When there are two or more successive interrupt request non-sampling
instructions (see “Periods in Which Interrupts Are Not Acknowledged” on
page 216).

¢ When the interrupt control register is accessed

5 system clocks

VBCLK(Input)||||||||||||||||||

Interrupt request |

Instruction 1 [ IF | 1D | EX [MEM| WB |
Instruction 2 IFX | IDX

Instruction (first instruction of IF | 1D | EX |

Figure 6-16

Note

Note

Table 6-4

interrupt service routine)

Pipeline operation at interrupt request acknowledgment (outline)

INT1 to INT4: Interrupt acknowledgement processing
IFx: Invalid instruction fetch
IDx: Invalid instruction decode

If the same interrupt occures during the interrupt acknowledge time of 5 cycles,

this new interrupt will discarded. The next interrupt of the same source will only
be registered after these 5 cycles.

Interrupt response time

Interrupt response time (internal system clocks)

Condition

Internal interrupt External interrupt

Minimum

5 5 + analog delay time | The following cases are exceptions:

Maximum

¢ |n IDLE/software STOP mode
e External bit access

1 11 + analog delay time | « Tyo or more interrupt request non-
sample instructions are executed

¢ Access to interrupt control register

RO1UH0027ED0420 Rev. 4.20 RENESAS 215

User Manual



Chapter 6 Interrupt Controller (INTC)

6.9 Periods in Which Interrupts Are Not Acknowledged

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

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

¢ Dl instruction

e LDSR reg2, 0x5 instruction (for PSW)

¢ The store instruction for the maskable interrupt control registers (xxIC), in-
service priority register (ISPR), and command register (PRCMD).
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The Bus Control Unit provides access to the on-chip peripheral input/output
modules and controls this access.

7.1 Overview
The figure below shows a block diagram of the modules that are necessary for
accessing the on-chip peripherals.
VFB CPU
| | Bus
VDB Control VSB
Unit
Bus
Bridge
Internal Peripheral Bus (NPB)
On-chip Peripheral /0
Figure 7-1 Bus Control unit block diagram
Busses The busses are abbreviated as follows:
¢ NPB: Peripheral bus
¢ VSB: V850 system bus
* VDB: V850 data bus
* VFB: V850 fetch bus
BCU The Bus Control Unit (BCU) controls the CPU access to the VSB, and
therefore via the bus bridge also to the on-chip peripherals.
The BCU holds configuration registers to
¢ determine the 16 KB of the programmable peripheral I/O area
* set up the proper timing on the NPB
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7.2 Peripheral I/O area

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

Table 7-1 Peripheral I/O areas

Name Address range Size
Fixed peripheral I/O area | 03FF FO00y to 03FF FFFF 4 KB

Programmable peripheral | Can be allocated at arbitrary addresses. 16 KB
I/O area (PPA) Base address is defined in the BPC register.

7.2.1 Fixed peripheral I/O area

The fixed peripheral I/0O area holds the registers of the on-chip peripheral I1/O
functions.

Note Because the address space covers 64 MB, the address bits A[31:26] are not
considered. Therefore, in this manual, all addresses of peripheral I/O registers
in the 4 KB peripheral I/O area are given in the range FFFF FO00y to

FFFF FFFFy instead of 03FF FO00, to 03FF FFFF.
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7.2.2 Programmable peripheral I/O area (PPA)

The usage and the address range of the PPA is configurable. The PPA extends
the fixed peripheral I/O area and assigns an additional 12 KB address space
for accessing on-chip peripherals.

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

3FF FFFF,
Peripheral
I/O area
-] NPB (Peripheral Bus)
3FF F000,, @K T
3FF EFFF,,
same area
base + 3FFF, Programmable [ Peripheral x3FFF,
peripheral / I/O area
I/O area (4 KB) x3000,,
(texkB) | X2FFF,,
base of PPA . Programmable
peripheral | x1200,
I/O area x11FF, Dedicated area for
x0000, AFCAN controller
SRR H-- T
000 0000,,

Figure 7-2 Programmable peripheral I/O area

The CAN modules registers and message buffers are allocated to the PPA.
Refer to “CAN module register and message buffer addresses” on page 572
for information how the calculate the register and message buffer addresses of
the CAN modules.

Caution If the programmable peripheral I/O area overlaps one of the following areas,
the programmable peripheral I/O area becomes ineffective:

e Peripheral I/O area
* ROM/flash memory area
* RAM area

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

2. All address definitions in this manual that refer to the programmable
peripheral area assume that the base address of the PPA is 03FE C000,

that means BPC = 8FFB,.
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7.2.3 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 767), the system clock VBCLK and the setting of the VSWC register.

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

* Fixed peripheral I/O area

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

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

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

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

In particular register set-ups which change an operational status of a certain
module require special notice, like, for instance, masking/unmasking of
interrupts via maskable interrupt control registers xxIC, enabling/disabling
timers, etc.
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7.3

M

()

Note

Boundary operation conditions

The microcontroller device has the following boundary operation conditions:

Program space

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

If a branch instruction exists at the upper limit of the internal RAM area, a pre-
fetch operation (invalid fetch) that straddles over the internal peripheral 1/0
area does not occur.

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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7.4 BCU Registers

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

Table 7-2 Bus Control Unit register overview

Register name Shortcut Address
Peripheral area selection control register BPC FFFF FO64y
Internal peripheral function wait control VSWC FFFF FO6EH
register
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(1) BPC - Peripheral area selection control register

The 16-bit BPC register defines whether the programmable peripheral 1/0 area
(PPA) is used or not and determines the starting address of the PPA.

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

Address FFFF F064y
Initial Value 0000y

5 14 13 12 11 10 o9 8 7 6 5 4 3 2 A 0
|PA15\ 0 \PA13\ PA12‘PA11 \PA10| PA9 \ PAS \ PA7 | PAG \ PA5 \ PA4 \ PA3 | PA2 \ PA1 \ PAO |

Table 7-3 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

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

13t0 0 PA[13:0]

Caution Bit 14 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.

The base address PBA is calculated by
PBA = BPC.PA[13:0] x 214

Table 7-4 shows how the base address PBA of the programmable peripheral
area is assembled

Table 7-4 Address range of programmable peripheral area (16 KB)

31 ... 28 27 14 13 .. 1 0 bit
Lo | .. [o] BPC.PA[13:0] IENEERER
o] ..]o BPC.PA[13:0] o] .. o] 1
BPC.PA[13:0] ol|..|l o] o |PBA

Note The recommended setting for the BPC register is 8FFBy. With this

configuration the programmable peripheral area is mapped to the address
range 03FE C000y to 03FE FFFF4. With this setting the CAN message buffer

registers are accessible via the addresses given in “CAN Controller (CAN)" on

page 546.
The fixed peripheral area is mirrored to the address range 03FE E000y to
O3FE FFFFy.
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(2) VSWC - Peripheral function wait control register
The 8-bit VSWC register defines the wait states inserted when accessing
peripheral special function registers via the internal bus. Both address setup
and data wait states are based on the system clock.
Access This register can be read/written in 8-bit or 1-bit units.
Address FFFF FOGEy
Initial Value 77y
7 6 5 4 3 2 1 0
0 SUWL2 | SUWL1 | SUWLO 0 VSWL2 [ VSWL1 | VSWLO
R/W R/W R/W R/W R/W R/W R/W R/W

Table 7-5 VSWC register contents

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)

Data wait for internal bus:

VSWL2 | VSWL1 | VSWLO Number of data wait states

0 0 0 0
0 0 1 1 CPU system clock (VBCLK)
0 1 0 2 CPU system clock (VBCLK)
2100 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)
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Table 7-6

Depending on the system clock fygc K the setups according to the following

table should be applied for VSWC.

Recommended timing for internal bus

System clock? fygck <16 MHz <25 MHz
SUWL 0 0
VSWL 0 1
VSWC 00y 01y

) When deriving the system clock from the modulated clock of the SSCG, the max-

imum clock determines the correct register setting.
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This microcontroller features following ROM correction facilities:

¢ “Data Replacement” ROM correction:
— 1 x 6 channels for VFB flash memory and ROM
The individual channels of each “Data Replacement” ROM correction are
identified by “n” (n =0 to 5)

Caution During self-programming make sure to disable all ROM correction facilities, as
enabled ROM corrections may conflict with the internal firmware.
8.1 Overview

The ROM Correction Function is used to replace part of the internal flash

memory with user defined data.

By using this function, program bugs found in the internal flash memory can be

corrected.

The “Data Replacement” ROM correction unit allows to replace any data read

from the internal flash memory by a user defined substitute. Thus instructions

as well as constant data read from flash memory can be replaced.
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Figure 8-1

Features

“Data Replacement” ROM Correction Unit

6 correction channels for VFB flash/ROM (n = 0 to 5)

Programmable correction address for each channel

Programmable correction value for each channel (the value can be an

instructions as well as data)

Correction of aligned and unaligned instructions/data

Correction of halfwords and words

Enable/disable of each channel individually by software

VFB address bus

CORCTLO0.CORENN

CORCTL1.HWn

Correction
address register
CORADRnN

L

D—,

Correction

CORVALnN

value register

ROM/Flash

1

ROM/Flash

data

CORVAL

ROM/Flash data
replacement

> VFB

data bus

“Data Replacement” ROM correction block diagram
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8.2.2

“Data Replacement” ROM correction operation

The “Data Replacement” ROM correction unit compares the address on the
V850 fetch bus (VFB) with the contents of the programmable correction
address registers CORADRN. If an address matches, a programmable value

(instructions or data) is put on the V850 fetch bus instead of the ROM contents.
If no address matches, the ROM contents is passed on the fetch bus as

normal.

The V850E architecture supports 16-bit as well as 32-bit instructions/data with
support of aligned and unaligned instruction/data placement. Figure 8-2 shows
the different alignments of code/data inside the ROM.

(a)

Addr

()

INSTR32_HI

INSTR32_LO

INSTR16

INSTR32_HI

INSTR32_LO

INSTR16

Figure 8-2

(a)

32-bit word aligned data replacement

Alignment of instructions and data in the internal ROM/flash

Addr

The 32-bit wide code/data is aligned to a word boundary. Upper and lower
halfword are replaced directly by the 32-bit correction value.

CORENN

CORADRN

HWn

CORVALN

| 0x00 1000 0xDDDD

0xCCCC |

internal address calculator

| CORADRn
18 OX3F FFFC 1_ _ _ _

| CORADRn ;
1+0x000002 j____ 2001002 __ __

0x00 1000

Address
on
VFB

Figure 8-3 32-bit word aligned data replacement

Data on VFB

|/V OXDE?DD

4
0xCCCC
-~

T~

— N___— )

N\ 0xBBBB

OxAAAA /

ROM content

ddr
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(b) 32-bit word unaligned data replacement
The 32-bit wide code/data is not aligned to a word boundary. For the first VFB
access the upper half word is replaced by the lower 16-bit of the correction
value (refer to Figure 8-4 (a)). For the second VFB access the lower halfword is
replaced by the upper 16-bit of the correction value (refer to Figure 8-4 (b)).
(a)
Data on VFB
|/v OxC?JCC ,\l
HWn CORENnN
III /\/\//—\_/\ ddr
8
CORADRN CORVALNn 0xBBBB
4
| 0x00 1002 | | 0xDDDD | 0xCCCC | N\ O0xAAAA
0x00 1000 > 0
internal address calculator / Address
Address VOFnB ROM content
(b)
Data on VFB
K]
|/v 0xDDDD -
HWn CORENN
] e
8
CORADRNn CORVALNn oxBBBB
0x00 1004 4
0x00 1002 0xDDDD 0xCCCC ress OXAAAA
| | [ 75 2 0
VFB
~ 7 ~/
Address ROM content

Figure 8-4 32-bit word unaligned data replacement
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(c) 16-bit halfword aligned data replacement

The 16-bit wide code/data can be replaced directly by the 16-bit correction
value. The upper halfword is not replaced but the original ROM contents is put
on the fetch bus.

Data on VFB
4
HWn CORENn | yad | OxCCCC
I:I
8
CORADRN CORVALN
4
| 0x00 1000 | | | 0xCCCC | oxAAAA
¥ 0x00 1000 > 0
______ inemal adress calculslor / Adess Y~
T CORADR [~~~ o= o= i Address on ROM content

18 0x3F FFFC I _ VFB

I CORADRn |~
14+0x000002 1__ __ 202 ___ 1

_______________________

0x00 1000 ¢——H——
—=4 match!

Figure 8-5 16-bit halfword aligned data replacement

(d) 16-bit halfword unaligned data replacement

The 16-bit wide code/data can be replaced directly by the 16-bit correction
value. The lower halfword is not replaced but the original ROM contents is put
on the fetch bus.

Data on VFB
«
0xDDDD
HWn CORENN |/ ™
[] T
8
CORADRN CORVALn
4
| 0x00 1002 | | | 0xDDDD | N\ 0xBBBB
0x00 1000 0
internal add*ress calculator / Address \/\/\2\/\
Address on ROM content
- match! VFB
Figure 8-6 16-bit halfword unaligned data replacement
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8.2.3

Figure 8-7

Caution

Setting of ROM correction addresses

The CPU supports access to (32-bit) word and (16-bit) half word aligned and
unaligned instructions and data.

Aligned words have an address with the lowest two address bits equal 00g, i.e.
ADDRESS modulo 4 = 00g.

Any access to the ROM is always performed on word aligned addresses. As a
consequence access to an unaligned word yields two accesses.

The word in Figure 8-7 is accessed in two cycles via address 0x00 and 0x04.

M~~~ N _r— —— T 0x08

WORD_H 0x04
WORD_L 0x00

Unaligned word addressing

Consequently a ROM correction of an unaligned word is also split into two
steps (refer to “32-bit word unaligned data replacement” on page 229).

Any (32-bit) aligned word must not contain correction targets of more than one
ROM correction channel.

In case of an unaligned word correction (CORCTL1.HWn=0), i.e.
CORADRN mod 4 = 10g, any part (word or half word) of the following two

aligned words must not be specified as any other correction address:
e CORADRnN div 4
* (CORADRNndiv4)+4

Following consequence applies:

The correction address of an unaligned word must have a distance of at least 6
byte to all other correction addresses, i.e. CORADRn > CORADRm + 6.

One exception consists in the following case. If an unaligned halfword
correction address CORADRm (CORCTL1.HWn = 1) precedes in terms of the
addresses an unaligned word correction CORADRn (CORCTL1.HWn =0), a
distance of 4 byte is sufficient: CORADRn > CORADRm + 4.

If the setting of ROM correction addresses conflicts with the above, an
unaligned word correction shall be split into two halfword corrections. Thus
also halfwords of different correction words can be combined in order to
correct them in a single aligned access cycle.

Table 8-1 illustrates different combinations and advises how to avoid above
conflicts.
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Table 8-1

Unaligned word and halfword correction

HWORD1

WORDO_H

WORDO_L

HWORDO

combine for 2 aligned corrections

CORADRN = x0005
CORADRmM = x100g

X1OOB
x000g

CORVALn = WORDO_L << 16 + HWORDO
CORVALmM = HWORD1 << 16 + WORDO_H

Halfwords correction

HWORD3

HWORD2

combine for 1 aligned access
CORADRN = x000g

xx00g

CORVALn = HWORD3 << 16 + HWORD2

Unaligned words correction

no correction target WORD1_H
WORD1_L WORD2_H
WORD2_L no correction target

combine for 3 aligned corrections

CORADRnN = 0000g
CORADRmM = 0100
CORADRI = 10005

CORVALn = WORD1_H
CORVALmM = WORD1_L << 16 + WORD2_H
CORVALI = WORD2_L << 16

X1OOB
X1OOB
XOOOB

Isolated unaligned word correction

no correction target

WORDO_H

WORDO_L

no correction target

single unaligned correction

CORADRnN = x010g

X1OOB
x000g

CORVALNn = WORD3_L << 16 + WORD3_H

ROM correction address settings
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8.2.4 “Data Replacement” ROM correction registers
(1) CORCTLO - VFB flash/ROM “Data Replacement” ROM correction control
register 0

This register enables or disables the “Data Replacement” VFB flash/ROM
ROM correction of each channel.

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

Address FFFF F900y

Initial Value 00y

7 6 5 4 3 2 1 0
0 0 CORCENS5 | CORCEN4 | CORCEN3 | CORCEN2 | CORCEN1 | CORCENO
R R R/W R/W R/W R/W R/W R/W

Table 8-2 CORCTLO register contents

Bit Position | Bit Name | Function

5t00 CORCENN | ROM correction channel
0: ROM correction for channel n disabled
1: ROM correction for channel n enabled

ROM correction of channel n should only be enabled after the correction
address (CORADRDN), the correction value (CORVALnN) and the word/halfword
selection (CORCTL1) have been set.

(2) CORCTL1 - VFB flash/ROM “Data Replacement” ROM correction control
register 1

This register determines whether the word (32-bit) or halfword (16-bit) value of
CORVALRN replaces the VFB flash/ROM contents.

Access This register can be read/written in 8- and 1-bit units.
Address FFFF F901y

Initial Value 00y

6 5 4 3 2 1 0
| 0 \ 0 HWS5 HW4 HW3 HW2 HW1 | HWO |
R R/IW R/W R/W R/W R/W R/W

Table 8-3 CORCTL1 register contents

Bit Position | Bit Name | Function

5t00 HWn Word - halfword
0: Word value of CORVALRN replaces the flash/ROM contents
1: Halfword value of CORVALRN replaces the flash/ROM contents

Note CORCTL1.HWn shall only be changed when the corresponding channel is
disabled (CORCTL0.CORCENN = 0).
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3)

CORADRNL - VFB flash/ROM “Data Replacement” ROM correction low

address register

These registers hold the lower 16 bit of the address where the VFB flash/ROM

ROM correction should be performed.

Access These registers can be read/written in 16- and 8-bit units.
Address CORADROL, CORADROLL: FFFF F910y4 CORADROLH: FFFF F9114
CORADR1L, CORADR1LL: FFFF F914y CORADR1LH: FFFF F915,
CORADR2L, CORADR2LL: FFFF F918y CORADR2LH: FFFF F919y
CORADRB3L, CORADRS3LL: FFFF F91Cy CORADR3LH: FFFF F91Dy
CORADR4L, CORADRA4LL: FFFF F920y CORADR4LH: FFFF F921y
CORADR5L, CORADRSLL: FFFF F924y CORADR5LH: FFFF F925y
Initial Value 0000y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CORADRN[15:0] | o |
R/W
Table 8-4 CORADRNL register contents
Bit Position | Bit Name | Function
15t0 0 CORADRnN | Lower 16 bit of the ROM correction address of channel n.

[15:0]

Bit O is fixed to 0, writing to this bit is ignored.

Note CORADRNL shall only be changed when the corresponding channel is

disabled (CORCTL0.CORCENN = 0).
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(4) CORADRNH - VFB flash/ROM “Data Replacement” ROM correction high

address register

These registers hold the upper 6 bit of the address where the VFB flash/ROM
ROM correction should be performed.

Access These registers can be read/written in 16- and 8-bit units.

Address CORADROH, CORADROHL: FFFF F912 CORADROHH: FFFF F913y
CORADR1H, CORADR1HL: FFFF F916y CORADR1HH: FFFF F917,
CORADR2H, CORADR2HL: FFFF F91Ay CORADR2HH: FFFF F91By
CORADR3H, CORADR3HL: FFFF F91Ey CORADR3HH: FFFF F91Fy
CORADR4H, CORADR4HL: FFFF F922y CORADR4HH: FFFF F923y
CORADR5H, CORADR5HL: FFFF F926y CORADRS5HH: FFFF F927y

Initial Value 0000y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ o [ o] oo o[ o]o[of]o] o] CORADRn[21:16]

R/W

Table 8-5 CORADRNH register contents

Bit Position | Bit Name | Function
5to0 CORADRN Lower 16 bit of the ROM correction address of channel n.
[21:16] Bits 15 to 6are fixed to 0, writing to these bits is ignored.

Caution The ROM correction address CORADRN[21:0] must not exceed the upper
address of the internal VSB ROM respectively VSB flash memory.
If the internal VSB ROM/flash memory size is less than 4 MB the appropriate
number of upper address bits of CORADRN[21:0] must be set to 0.

Example: If the internal VSB ROM/flash memory size is 1 MB,
CORADRN[21:20], i.e. bit 5 and 4 of the CORADRNH, must be set to 00g. The

allowed address range is 0000 0000y to 000F FFFF.

Note

disabled (CORCTL0.CORCENN = 0).

CORADRnH shall only be changed when the corresponding channel is
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®)

Access
Address

CORVALNL - VFB flash/ROM “Data Replacement” ROM correction value

register

These registers hold the lower 16 bit of the value that shall replace the original
value from the VFB flash/ROM.

These registers can be read/written in 16-bit units.

CORVALOL:
CORVALI1L:
CORVAL2L:
CORVALSL:
CORVALAL:
CORVALSL:

Initial Value 0000y

15 14

13 12

11 10

FFFF F930,
FFFF F934y,
FFFF F938,,
FFFF F93CH
FFFF F940y
FFFF F944y,

9 8

7 6 5 4 3 2 1 0

CORVALN[15:0]

R/W

Table 8-6 CORVALNL register contents

Bit Position

Bit Name

Function

15t00

CORVALN
[15:0]

Lower 16 bit of the correction value to replace the ROM contents.

Note CORVALNL shall only be changed when the corresponding channel is disabled

(CORCTLO0.CORCENN = 0).
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(6)

Access
Address

CORVALNH - VFB flash/ROM “Data Replacement” ROM correction value

register

These registers hold the upper 16 bit of the value that shall replace the original
value from the VFB flash/ROM.

These registers can be read/written in 16-bit units.

CORVALOH:
CORVAL1H:
CORVAL2H:
CORVALS3H:
CORVAL4H:
CORVALS5H:

Initial Value 0000y

15 14

13 12

11 10

FFFF F932,,
FFFF F936y
FFFF F93Ay
FFFF FO3Ey
FFFF F942y,
FFFF F946,

9 8

7 6 5 4 3 2 1

CORVALn[31:16]

R/W

Table 8-7 CORVALnNH register contents

Bit Position

Bit Name

Function

15t00

CORVALn
[31:16]

Upper 16 bit of the correction value to replace the ROM contents.

Note CORVALNH shall only be changed when the corresponding channel is
disabled (CORCTL0.CORCENN = 0).
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8.3

Caution

“DBTRAP” ROM Correction Unit

¢ 1x 8 channels for VFB flash memory

¢ The individual channels of “DBTRAP” ROM correction unit are identified by
‘m”(m=0to07)

* Programmable correction address for each channel

“DBTRAP” exception processing upon correction address match

Enable/Disable of each channel individually by software

The “DBTRAP” ROM correction unit is also used by the N-Wire on-chip debug
unit. Thus ROM correction will not be performed on these correction channels
when the microcontroller is operating in N-Wire debug mode.

VFB address bus

CORCN.CORENmM——

Figure 8-8

Correction
address register
CORADm

|

D—,

DBTRAP
opcode

ROM/Flash

ROM/Flash
data

DBTRAP

- E VFB
ROM/Flash data data bus
replacement

“DBTRAP” ROM correction block diagram
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8.3.1

“DBTRAP” ROM correction operation

The “DBTRAP” ROM correction unit compares the address on the V850 fetch
bus (VFB) with the contents of the programmable correction address registers
CORADmM. If an address matches, the DBTRAP instruction opcode is put on
the V850 fetch bus instead of the ROM contents. If no address matches, the
ROM contents is passed on the fetch bus as normal.

The DBTRAP exception branches to the DBTRAP/ILGOP exception handler
address 0000 0060y, which comprises the user's ROM correction instructions.

Since the ROM correction routines for all correction channels are invoked at
the DBTRAP exception handler address 0000 0060y, the exception handler

has to evaluate first the right correction routine to be executed. This is done by
reading the DBPC register, which holds the address next to the correction
address of CORADm, which has caused the DBTRAP exception. If non of
CORADmM matches DBPC - 2, DBTRAP was generated by an illegal opcode
detection event ILGOP. For further details concerning DBTRAP/ILGOP
handling refer to “Exception Trap” on page 209.

Figure 8-9 outlines a typical program flow for using the “DBTRAP” ROM
correction.

1. If the address CORADmM to be corrected and the fetch address of the
internal ROM memory match, the instruction code fetched from ROM is
replaced by the DBTRAP instruction.

2. When the DBTRAP instruction is executed, execution branches to address
0000 0060y.

3. The DBTRAP evaluation routine identifies the cause of the DBTRAP
exception and launches either the appropriate ROM correction routine or
the ILGOP handler.

4. In case several consecutive ROM instruction are replaced by ROM
correction code the return address in DBPC must be corrected. It may also
be required to correct some flags in the DBPSW register.

5. Return processing is started by the DBRET instruction.
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( Reset & start )

i\ Load DBTRAP exception Read data for setting ROM
E handler and . correction from external
: ROM correction code :

No

CORENmM bit =17

Fetch address
= CORADmM?

Change fetch code to

DBTRAP instruction
\

| Execute DBTRAP instruction |

\

| Jump to address 0000 0060,,

Branch to DBTRAP
evaluation routine

i If necessary, correct:
1 -return address in DBPC '
i -flags in DBPSW :

Notes: i : Processing by user program (software)

[ ]:Processing by ROM correction (hardware)

Figure 8-9 ROM correction operation and program flow

8.3.2 “DBTRAP” ROM correction registers

(1) CORCN - VFB flash/ROM “DBTRAP” ROM correction control register
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This register enables or disables the VFB flash/ROM correction of each
channel.

Access This register can be read/written in 8- and 1-bit units.
Address FFFF F880y
Initial Value 00004

7 6 5 4 3 2 1 0
COREN7 | COREN6 | COREN5 | COREN4 | COREN3 | COREN2 | COREN1 | CORENO
R/W R/W R/W R/W R/W R/W R/W R/W

Table 8-8 CORCN register contents

Bit Position | Bit Name | Function

7t00 CORENmM | ROM correction channel
0: ROM correction for channel m disabled
1: ROM correction for channel m enabled

Note ROM correction of channel n should only be enabled after the correction
address CORADm has been set.
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(2) CORADM - VFB flash/ROM “DBTRAP” ROM Correction address register

These registers hold the address where the VFB flash/ROM correction should
be performed.

Access These registers can be read/written in 32-bit (CORADm) and 16-bit units
(CORADML for bits 15 to 0, CORADmH for bits 31 to 16).

Address CORADO, CORADOL: FFFF F840y CORADOH: FFFF F842
CORAD1, CORAD1L: FFFF F844y CORAD1H: FFFF F846
CORAD2, CORAD2L: FFFF F848y CORAD2H: FFFF F84Ay
CORAD3, CORAD3L: FFFF F84Cy CORAD3H: FFFF F84Ey
CORAD4, CORADA4L: FFFF F8504 CORAD4H: FFFF F852
CORADS5, CORADS5L: FFFF F854y CORADS5H: FFFF F856
CORADG6, CORAD6L: FFFF F858y CORAD6H: FFFF F85Ay
CORAD7, CORAD7L: FFFF F85Cy CORAD7H: FFFF F85Ey

Initial Value 0000 0000y

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

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
o[ ool o]Jofo]o[ofo]o]o]| o] CORADM[19:16] |

Table 8-9 CORADM register contents

Bit Position | Bit Name | Function

19to 0 CORADm | Lower 16 bit of the ROM correction address of channel m.
[19:0] Bit 0 and bits 31 to 20 are fixed to 0, writing to these bits is ignored.

Caution The ROM correction address CORADmM[19:0] must not exceed the upper
address of the internal ROM respectively flash memory.
If the internal ROM/flash memory size is less than 1 MB the appropriate
number of upper address bits of CORADmM[19:0] must be set to 0.

Note CORADM shall only be changed when the corresponding channel is disabled
(CORCN.CORENmM = 0).

RO1UHO0027ED0420 Rev. 4.20 RENESAS 242
User Manual



Chapter 9 Code Protection and Security

9.1 Overview

The microcontroller supports various methods for protecting the program code
in the flash memory from undesired access, such as illegal read-out or illegal
reprogramming.

Some interfaces offer in general access to the internal flash memory: external
flash programmer interface, self-programming facilities and test interfaces.

In the following the security relevant items are listed. The features to protect
the internal flash memory data from being read by unauthorized persons are
described.

For more information on the flash memory, see “Flash Memory* on page 164.

The following sections give an overview about supported code protection
methods.

RO1UHO0027ED0420 Rev. 4.20 REN ESNS 243
User Manual



Chapter 9

Code Protection and Security

9.2

M

()

)

4)

®)

Flash Writer 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. For
protection of the flash memory, the following flags provide various protection
levels.

The flags can be set by flash programmers. For a description of flash memory
programming see “Flash Memory“on page 164.

Program protection flag (Program protection function)

Set this flag to disable the programming function via flash writer interface. This
flag does not affect the self-programming interface.

The flag is valid for the whole flash memory.

Chip erase protection flag (Chip erase protection function)

Set this flag to disable the chip erase function via flash writer interface. This
flag does not affect the self-programming interface.

Block erase protection flag (Block erase protection function)

Set this flag to disable the feature to erase single blocks via flash writer
interface. This flag does not affect the self-programming interface.

This flag does not affect the chip erase function.

The flag is valid for the whole flash memory.

Read-out protection flag (Read-out protection function)

Set this flag to disable the feature that allows reading back the flash memory
via flash writer interface. This flag does not affect the self-programming
interface.

This flag is valid for the whole flash memory.

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.
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9.3

9.3.1

9.3.2

9.3.3

Additional Firmware Functions

The internal firmware provides several additional features related to protection
and security. These are listed above.

ID-field
A dedicated 64-byte ID-field is provided to hold user defined information, like
for instance S/W versions.

The ID-field is stored in the user space of the flash memory, starting at address
0000 0800y.

The firmware allows to read the ID-field via an external flash programmer data
even if the read-out protection flag (refer to 9.2 on page 244) is set.

Checksum calculation

A dedicated firmware function calculates a checksum over the flash memory
contents.

The algorithm to calculate the checksum is “Standard CRC32".

The checksum calculation starts from address 0000 00004 to the address
stored at 0000 0840y to 0000 0843.

The bytes stored at 0000 0840y to 0000 0843y are subject to the checksum.
The 64-byte ID-field is not subject to this checksum.

The firmware allows to read the checksum via an external flash programmer
data even if the read-out protection flag (refer to 9.2 on page 244) is set.

Variable reset vector

The reset vector, determining the start of the user’s program is stored in an
“extra area” of the flash memory. This vector is configurable via an external
flash programmer and by self-programming.
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10.1

Features summary

16-bit Timer/Event Counter P (TMP)

Timer P (TMP) is a 16-bit timer/event counter.

The V850E/Dx3 - DG3 microcontrollers have following instances of the 16-bit
timer/event counter TMP:

TMP All devices
Instances 1
Names TMPO

Throughout this chapter, the individual instances of Timer P are identified by
“n”, for example TMPn, or TPnCTLO for the TMPn control register 0.

Overview

An outline of TMPn is shown below.

¢ Clock selection: 8 ways

» Capture/trigger input pins: 2

* External event count input pins: 1

* External trigger input pins: 1

¢ Timer/counters: 1

¢ Capture/compare registers: 2

» Capture/compare match interrupt request signals: 2

¢ Timer output pins: 2
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10.2

10.3

PCLKO (16 MHz)
PCLKO1=PCLKO0/2% (8 MHz) —
PCLK02=PCLK0/4"e (4 MHz)

PCLK4 (1 MHz) —=
PCLKS5 (500 KHz) —|
PCLK6 (250 KHz) —~1
PCLK7 (125 KHz) —~1

Figure 10-1

Functions

TMPn has the following functions.
¢ Interval timer

¢ External event counter

¢ External trigger pulse output

¢ One-shot pulse output

¢ PWM output

¢ Free-running timer

¢ Pulse width measurement

Configuration

TMPn includes the following hardware.

S Internal bus S
— TPNnCNT
— 5 ﬁ
[$]
o S |+ 16-bit counter INTTPNOV
* E Clear
3 {} u 58 [-O TPno
Q O
ﬁ 8 g O TPn1
oo ||| | :
uffer
register CCR1 —=—— INTTPnCCO
ﬁ buffer INTTPnCC1
register
TIPRO O~ o 2 TPnCCRO 7
o2
TPR1QO—~{ Y3 TPnCCR1
|
S Internal bus S

Block diagram of TMPn

The second (PCLKO01) and the third (PCLKO02) clock selector input is not
supplied from the Clock Generator, but derived from the first selector input
PCLKO inside the timer P.

In case the PLL is disabled the PCLKXx clocks are supplied from the main
oscillator, i.e.:

e PCLKO =4 MHz

¢ PCLKO1 = PCLKO0/2 =2 MHz

e PCLKO2 = PCLK0/4 =1 MHz

For information about PCLKX, please refer to “Clock Generator” on page 100.
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1)

()

)

4)

®)

(6)

16-bit counter
This 16-bit counter can count internal clocks or external events.

The count value of this counter can be read by using the TPnCNT register.

When the TPnCTLO.TPnCE bit = 0, the value of the 16-bit counter is FFFFH. If
the TPnCNT register is read at this time, 0000H is read.

Reset input clears the TPnCE bit to 0. Therefore, the 16-bit counter is set to
FFFFH.

CCRO buffer register
This is a 16-bit compare register that compares the count value of the 16-bit
counter.

When the TPnCCRO register is used as a compare register, the value written
to the TPNCCRO register is transferred to the CCRO buffer register. When the
count value of the 16-bit counter matches the value of the CCRO buffer
register, a compare match interrupt request signal (INTTPnCCO) is generated.

The CCRO buffer register cannot be read or written directly.

The CCRO buffer register is cleared to 0000H after reset, as the TPNnCCRO
register is cleared to O000H.

CCR1 buffer register
This is a 16-bit compare register that compares the count value of the 16-bit
counter.

When the TPNCCRH1 register is used as a compare register, the value written
to the TPNCCRH1 register is transferred to the CCR1 buffer register. When the
count value of the 16-bit counter matches the value of the CCR1 buffer
register, a compare match interrupt request signal (INTTPnCC1) is generated.

The CCR1 buffer register cannot be read or written directly.

The CCR1 buffer register is cleared to 0000H after reset, as the TPnCCR1
register is cleared to 0000H.

Edge detector

This circuit detects the valid edges input to the TIPnO and TIPn1 pins. No
edge, rising edge, falling edge, or both the rising and falling edges can be
selected as the valid edge by using the TPnIOC1 and TPnIOC2 registers.

Output controller

This circuit controls the output of the TOPn0O and TOPN1 pins. The output
controller is controlled by the TPnlOCO register.

Selector

This selector selects the count clock for the 16-bit counter. Eight types of
internal clocks or an external event can be selected as the count clock.
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10.4 TMP Registers

The TMPn are controlled and operated by means of the following registers:

Table 10-1 TMPn registers overview

Register name Shortcut Address
TMPn control registers 0 TPnCTLO <base>
TMPn control registers 1 TPnCTLA <base> + 14
TMPn 1/O control register 0 TPnlOCO <base> + 2
TMPn I/O control register 1 TPnIOC1 <base> + 3y
TMPn 1/O control register 2 TPnlOC2 <base> + 4y
TMPn option registers 0 TPnOPTO <base> + 5
TMPn capture/compare registers 0 TPnCCRO <base> + 6y
TMPn capture/compare registers 1 TPnCCR1 <base> + 8y
TMPn counter read buffer register TPnCNT <base> + Ay

Table 10-2 TMPn register base address

Timer Base address
TMPO FFFF F660y
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(1) TPnCTLO - TMPn control register 0
The TPnCTLO register is an 8-bit register that controls the operation of TMPn.
Access This register can be read/written in 8-bit or 1-bit units.
Address <base>

Initial Value 00y. This register is initialized by any reset.
The same value can always be written to the TPnCTLO register by software.

7 6 5 4 3 2 1 0
TPnCE 0 0 0 0 TPnCKS2 | TPnCKS1 | TPnCKSO
R/W R/W R/W R/W R/W R/W R/W R/W

Table 10-3 TPnCTLO register contents

Bit position Bit name Function
7 TPnCE TMPn operation disable/enable:
0: TMPn operation disabled (TMPn reset asynchronously: reset of
TPnOPTO.TPnOVF bit, 16-bit counter, timer output (TOPn0O, TOPn1 pins)
1: TMPn operation enabled (TMPn operation starts)
2t00 TPnCKS[2:0] |Internal count clock selection:
TPnCKS2 | TPnCKS1 | TPnCKSO (Internal count clock
0 0 0 PCLKO
0 0 1 PCLKO1 = PCLKO0/2
0 1 0 PCLKO02 = PCLKO0/4
0 1 1 Prohibited
1 0 0 PCLK4
1 0 1 PCLK5
1 1 0 PCLK6
1 1 1 PCLK7

Caution 1. Set the TPnCKS2 to TPnCKSO0 bits when the TPnCE bit = 0.

2. When the value of the TPnCE bit is changed from 0 to 1, the TPNnCKS2 to
TPNnCKSO bits can be set simultaneously.

3. Be sure to clear bits 3 to 6 to 0.

Note For information about PCLKX, please refer to “Clock Generator” on page 100.
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(2) TPnCTL1 - TMPn control register 1
The TPnCTL1 register is an 8-bit register that controls the operation of TMPn.
Access This register can be read/written in 8-bit or 1-bit units.
Address <base> + 1y

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

7 6 5 4 3 2 1 0
0 TPnEST | TPnEEE 0 0 TPnMD2 | TPnMD1 | TPnMDO
R/W R/W R/W R/W R/W R/W R/W R/W

Table 10-4 TPnCTL1 register contents

Bit position Bit name Function
6 TPnEST Software trigger control.
0: -

1: Generate a valid signal for external trigger input.

¢ In one-shot pulse output mode:
A one-shot pulse is output with writing 1 to the TPnEST bit as the trigger.

* In external trigger pulse output mode:
A PWM waveform is output with writing 1 to the TPnEST bit as the trigger.

5 TPnEEE Count clock selection:
0: Disable operation with external event count input.
(Perform counting with the count clock selected by the TPnCTLO.TPnCKO to
TPnCK2 bits.)
1: Enable operation with external event count input.
(Perform counting at the valid edge of the external event count input signal.)
The TPnEEE bit selects whether counting is performed with the internal count
clock or the valid edge of the external event count input.

2100 TPnMD[2:0] |Timer mode selection:

TPnMD2 TPnMD1 TPnMDO |Timer mode
0 0 0 Interval timer
0 0 1 External event count
0 1 0 External trigger pulse output
0 1 1 One-shot pulse output
1 0 0 PWM output
1 0 1 Free-runnning timer
1 1 0 Pulse width measurement
1 1 1 Setting prohibited

Caution 1. The TPnEST bit is valid only in the external trigger pulse output mode or
one-shot pulse output mode. In any other mode, writing 1 to this bit is
ignored.

2. External event count input is selected in the external event count mode
regardless of the value of the TPnEEE bit.
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3. Set the TPnEEE and TPnMD2 to TPnMDO bits when the TPnCTLO.TPnCE
bit = 0. (The same value can be written when the TPnCE bit = 1.) The
operation is not guaranteed when rewriting is performed with the TPnCE
bit = 1. If rewriting was mistakenly performed, clear the TPnCE bit to 0 and
then set the bits again.

4. Be sure to clear bits 3, 4, and 7 to 0.

(3) TPnIOCO - TMPn I/O control register 0

The TPnlOCO register is an 8-bit register that controls the timer output
(TOPNO, TOPN1 pins).

Access This register can be read/written in 8-bit or 1-bit units.
Address <base> + 2y

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

5 4 3 2 1 0
0 0 0 TPnOL1 TPnOE1 | TPnOLO | TPnOEO
R/W R/W R/W R/W R/W R/W R/W R/W

Table 10-5 TPnIOCO register contents

Bit position Bit name Function

3 TPnOLA1 TOPN1 pin output level setting:
0: TOPn1 pin output inversion disabled
1: TOPn1 pin output inversion enabled

2 TPnOEA1 TOPN1 pin output setting:
0: Timer output disable
—when TPnOL1 = 0: low level is output from TOPn1 pin
—when TPnOL1 = 1: high level is output from TOPn1 pin
1: Timer output enable
(A square wave is output from TOPn1 pin.)

1 TPnOLO TOPNO pin output level setting:
0: TOPNO pin output inversion disabled
1: TOPNO pin output inversion enabled

0 TPnOEO TOPNO pin output setting:
0: Timer output disable
—when TPnOLO = 0: low level is output from TOPNO pin
—when TPnOLO = 1: high level is output from TOPNO pin
1: Timer output enable
(A square wave is output from TOPnNO pin.)

Caution 1. Rewrite the TPnOL1, TPnOE1, TPnOLO, and TPnOEO bits when the
TPnCTLO.TPnCE bit = 0. (The same value can be written when the TPnCE
bit = 1.) If rewriting was mistakenly performed, clear the TPnCE bit to 0 and
then set the bits again.

2. Even if the TPnOLm bit is manipulated when the TPnCE and TPnOEm bits
are 0, the TOPnm pin output level varies (m =0, 1).
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(4) TPnIOC1 - TMPn I/O control register 1

The TPnIOCH1 register is an 8-bit register that controls the valid edge of the
capture trigger input signals (TIPnO, TIPn1 pins).

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

Address <base> + 3y

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

5 4 3 2 1 0
0 0 TPnlS3 TPnlS2 TPnIS1 TPnISO
R/W R/W R/W R/W R/W R/W R/W R/W

Table 10-6 TPnlIOC1 register contents

Bit position Bit name Function
3to2 TPnIS[3:2] Capture trigger input signal (TIPn1 pin) valied edge setting:
TPnIS3 TPnIS2 |Capture trigger valid edge of TIPn1
0 0 No edge detection (capture operation invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

1to0 TPnIS[1:0] Capture trigger input signal (TIPnO pin) valied edge setting:
TPnIS1 TPnIS0 |Capture trigger valid edge of TIPn0
0 0 No edge detection (capture operation invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

Caution 1. Rewrite the TPnIS3 to TPnISO0 bits when the TPNCTLO.TPnCE bit = 0. (The
same value can be written when the TPnCE bit = 1.) If rewriting was
mistakenly performed, clear the TPnCE bit to 0 and then set the bits again.

2. The TPnIS3 to TPnISO bits are valid only in the free-running timer mode and
the pulse width measurement mode. In all other modes, a capture operation
is not possible.

RO1UHO0027ED0420 Rev. 4.20 RENESAS 253
User Manual



Chapter 10 16-bit Timer/Event Counter P (TMP)

(5) TPnlIOC2 - TMPn I/O control register 2

The TPnIOC2 register is an 8-bit register that controls the valid edge of the
external event count input signal (TIPnO pin) and external trigger input signal
(TIPNO pin).

Access This register can be read/written in 8-bit or 1-bit units.
Address <base> + 4y

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

5 4 3 2 1 0
0 0 0 TPnEES1 | TPnEESO | TPnETS1 | TPnETSO
R/W R/W R/W R/W R/W R/W R/W R/W

Table 10-7 TPnlIOC2 register contents

Bit position Bit name Function
3to2 TPnEES[1:0]  |External event count input signal (TIPnO pin) valid edge setting:
TPnEES1 | TPnEESO |External event count valid edge of TIPn0
0 0 No edge detection (external event invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges
1to0 TPnETS[1:0]  |Capture trigger input signal (TIPnO pin) valid edge setting:
TPnETS1 | TPnETSO |External trigger input valid edge of TIPn0
0 0 No edge detection (external trigger invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

Caution 1. Rewrite the TPnEES1, TPnEESO, TPnETS1, and TPnETSO bits when the
TPnCTLO.TPnCE bit = 0. (The same value can be written when the TPnCE
bit = 1.) If rewriting was mistakenly performed, clear the TPnCE bit to 0 and
then set the bits again.

2. The TPnEES1 and TPnEESO bits are valid only when the
TPnCTL1.TPnEEE bit = 1 or when the external event count mode
(TPNCTL1.TPnMD2 to TPNnCTL1.TPnMDO bits = 001) has been set.
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(6) TPnOPTO - TMPn option register 0

The TPnOPTO register is an 8-bit register used to set the capture/compare
operation and detect an overflow.

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

Address <base> + 5y
Initial Value 00y. This register is initialized by any reset.

6 5 4 3 2 1 0
0 0 TPnCCS1 | TPnCCS10 0 0 0 TPnOVF
R/W R/W R/wW R/W R/W R/W R/W R/W

Table 10-8 TPnOPTO register contents

Bit position Bit name Function

5 TPnCCS1 TPnCCR1 register capture/compare selection:
0: compare register selected
1: capture register selected
The TPnCCSH1 bit setting is valid only in the free-running timer mode.

4 TPnCCSO0 [TPnCCRO register capture/compare selection:
0: compare register selected
1: capture register selected
The TPnCCSO bit setting is valid only in the free-running timer mode.

0 TPnOVF TMPn overflow detection flag:
Set (1): Overflow occurred
Reset (0): TPnOVF bit 0 written or TPNCTLO.TPnCE bit =0
e The TPnOVF bit is reset when the 16-bit counter count value overflows from
FFFFH to 0000H in the free-running timer mode or the pulse width
measurement mode.
¢ An interrupt request signal (INTTPnOV) is generated at the same time that
the TPnOVF bit is set to 1. The INTTPnOV signal is not generated in modes
other than the free-running timer mode and the pulse width measurement
mode.
e The TPnOVF bit is not cleared even when the TPnOVF bit or the TPnOPTO
register are read when the TPnOVF bit = 1.
e The TPnOVF bit can be both read and written, but the TPnOVF bit cannot be
set to 1 by software. Writing 1 has no influence on the operation of TMPn.

Caution 1. Rewrite the TPnCCS1 and TPnCCSO bits when the TPnCE bit = 0. (The
same value can be written when the TPnCE bit = 1.) If rewriting was
mistakenly performed, clear the TPnCE bit to 0 and then set the bits again.

2. Be sure to clear bits 1 t0 3, 6, and 7 to 0.
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(7) TPnCCRO - TMPn capture/compare register 0
The TPNCCRO register can be used as a capture register or a compare
register depending on the mode.
This register can be used as a capture register or a compare register only in
the free-running timer mode, depending on the setting of the
TPNOPTO0.TPnCCSO bit. In the pulse width measurement mode, the TPNnCCRO
register can be used only as a capture register. In any other mode, this register
can be used only as a compare register.
The TPNCCRO register can be read or written during operation.
Access This register can be read/written in 16-bit units.
Address <base> + 6y
Initial Value 0000y. This register is initialized by any reset.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CCRO value
R/W

(a) Function as compare register
The TPNCCRO register can be rewritten even when the TPnCTLO.TPnCE
bit = 1.
The set value of the TPnCCRO register is transferred to the CCRO buffer
register. When the value of the 16-bit counter matches the value of the CCRO
buffer register, a compare match interrupt request signal (INTTPnCCO) is
generated. If TOPNO pin output is enabled at this time, the output of the TOPnO
pin is inverted.
When the TPnCCRO register is used as a cycle register in the interval timer
mode, external event count mode, external trigger pulse output mode, one-
shot pulse output mode, or PWM output mode, the value of the 16-bit counter
is cleared (0000H) if its count value matches the value of the CCRO buffer
register.
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(b) Function as capture register
When the TPNnCCRO register is used as a capture register in the free-running
timer mode, the count value of the 16-bit counter is stored in the TPnCCRO
register if the valid edge of the capture trigger input pin (TIPnO pin) is detected.
In the pulse-width measurement mode, the count value of the 16-bit counter is
stored in the TPnCCRO register and the 16-bit counter is cleared (0000H) if the
valid edge of the capture trigger input pin (TIPnO) is detected.
Even if the capture operation and reading the TPnCCRO register conflict, the
correct value of the TPnCCRO register can be read.
The following table shows the functions of the capture/compare register in
each mode, and how to write data to the compare register.
Table 10-9 Function of capture/compare register in each mode and how to write

compare register

Operation mode Capture/compare register How to write compare register

Interval timer Compare register Anytime write

External event counter Compare register Anytime write

External trigger pulse output Compare register Batch write

One-shot pulse output Compare register Anytime write

PWM output Compare register Batch write

Free-running timer Capture/compare register Anytime write

Pulse width measurement Capture register -
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®)

Access
Address

Initial Value

TPnCCR1 - TMPn capture/compare register 1

The TPNCCRT1 register can be used as a capture register or a compare
register depending on the mode.

This register can be used as a capture register or a compare register only in
the free-running timer mode, depending on the setting of the
TPNOPTO0.TPnCCSH1 bit. In the pulse width measurement mode, the TPnCCR1
register can be used only as a capture register. In any other mode, this register
can be used only as a compare register.

The TPNCCR1 register can be read or written during operation.
This register can be read/written in 16-bit units.

<base> + 8y
0000y. This register is initialized by any reset.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| CCR1 value
R/W

(a) Function as compare register

The TPNCCR1 register can be rewritten even when the TPnCTLO.TPnCE
bit = 1.

The set value of the TPNCCR1 register is transferred to the CCR1 buffer
register. When the value of the 16-bit counter matches the value of the CCR1
buffer register, a compare match interrupt request signal (INTTPnCC1) is
generated. If TOPn1 pin output is enabled at this time, the output of the TOPn1
pin is inverted.

RO1UH0027ED0420 Rev. 4.20 RENESAS 258

User Manual



Chapter 10

16-bit Timer/Event Counter P (TMP)

Table 10-10

(b) Function as capture register

When the TPNCCRH1 register is used as a capture register in the free-running
timer mode, the count value of the 16-bit counter is stored in the TPnCCR1
register if the valid edge of the capture trigger input pin (TIPn1 pin) is detected.
In the pulse-width measurement mode, the count value of the 16-bit counter is
stored in the TPnCCR1 register and the 16-bit counter is cleared (0000H) if the
valid edge of the capture trigger input pin (TIPn1) is detected.

Even if the capture operation and reading the TPnCCR1 register conflict, the
correct value of the TPnCCR1 register can be read.

The following table shows the functions of the capture/compare register in
each mode, and how to write data to the compare register.

Function of capture/compare register in each mode and how to write
compare register

Operationmode

Capture/compare register How to write compare register

Interval timer

Compare register Anytime write

External event counter

Compare register Anytime write

External trigger pulse output

Compare register Batch write

One-shot pulse output

Compare register Anytime write

PWM output

Compare register Batch write

Free-running timer

Capture/compare register Anytime write

Pulse width measurement

Capture register

(9) TPnCNT - TMPn counter read buffer register
The TPnCNT register is a read buffer register that can read the count value of
the 16-bit counter.
If this register is read when the TPnCTLO.TPnCE bit = 1, the count value of
the 16-bit timer can be read.
The value of the TPNCNT register is cleared to 0000 when the TPnCE bit = 0.
If the TPNnCNT register is read at this time, the value of the 16-bit counter
(FFFFy) is not read, but 00004 is read.
Access This register can be read only in 16-bit units.
Address <base> + Ay
Initial Value 0000y. This register is initialized by any reset, as the TPnCE bit is cleared to 0.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TPnCNT value
R
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10.5 Operation

TMPn can perform the following operations.

Overation TPnCTL1.TPnEST Bit | TIPnO Pin Capture/ Compare | Compare Register
P (Software Trigger Bit) | (Ext. Trigger Input) Register Setting Write

Interval timer mode Invalid Invalid Compare only Anytime write

External event count Invalid Invalid Compare only Anytime write

modeNote 1

External trigger pulse Valid Valid Compare only Batch write

output modeNote 2

One-shot pulse output Valid Valid Compare only Anytime write

modeNote 2

PWM output mode Invalid Invalid Compare only Batch write

Free-running timer mode | Invalid Invalid Switching enabled | Anytime write

Pulse width Invalid Invalid Capture only Not applicable

measurement

mOdeNOte 2

Note 1. To use the external event count mode, specify that the valid edge of the
TIPNnO pin capture trigger input is not detected (by clearing the
TPnIOC1.TPnIS1 and TPnIOC1.TPnISO bits to “007).

2. When using the external trigger pulse output mode, one-shot pulse output
mode, and pulse width measurement mode, select the internal clock as the
count clock (by clearing the TPnCTL1.TPnEEE bit to 0).

10.5.1 Interval timer mode (TPnMD2 to TPnMDO = 000)

In the interval timer mode, an interrupt request signal (INTTPnCCO) is
generated at the specified interval if the TPNnCTLO.TPnCE bit is setto 1. A
square wave whose half cycle is equal to the interval can be output from the
TOPNO pin.

Usually, the TPNnCCR1 register is not used in the interval timer mode.

Clear
Count clock . Output .
selection 1 16-bit counter controller © TOPNO pin
Match si |
& atch signa INTTPnCCO signal
TPnCE bit CCRO buffer register

i

TPnCCRO register

Figure 10-2 Configuration of interval timer
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FFFFH

Do — Do — Do — Do —
16-bit counter

0000H

TPnCE bit

TPnCCRO register x Do

TOPNO pin output

INTTPnCCO signal —| —| —| —|

Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1)

Figure 10-3 Basic timing of operation in interval timer mode

When the TPnCE bit is set to 1, the value of the 16-bit counter is cleared from
FFFFH to 0000H in synchronization with the count clock, and the counter
starts counting. At this time, the output of the TOPNO pin is inverted.
Additionally, the set value of the TPnCCRQO register is transferred to the CCRO
buffer register.

When the count value of the 16-bit counter matches the value of the CCRO
buffer register, the 16-bit counter is cleared to 0000H, the output of the TOPnO
pin is inverted, and a compare match interrupt request signal (INTTPnCCO) is
generated.

The interval can be calculated by the following expression.

Interval = (Set value of TPNnCCRO register + 1) x Count clock cycle

(1) Register setting for interval timer mode operation

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPnCKS2 TPnCKS1 TPNCKS0
TPnCTLO|0/1‘0‘0‘0‘0‘0/1‘0/1‘0/1'

Select count clock

0: Stop counting
1: Enable counting
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(b) TMPn control register 1 (TPnCTL1)

TPNCTLA | 0

TPnEST TPnEEE TPnMD2 TPnMD1 TPnMDO
| ol o oo of o] o]
0,0,0:

Interval timer mode

(c) TMPn I/O control register 0 (TPnlIOCO0)

TPnOL1 TPnOE1 TPnOLO TPnOEO

TPNIOCO |

0

0

\0\0\0/1\0/1\0/1\0/1|

Note

0: Disable TOPnO pin output
1: Enable TOPNO pin output

Setting of output level with
operation of TOPNO pin disabled
0: Low level

1: High level

0: Disable TOPn1 pin output
1: Enable TOPn1 pin output

Setting of output level with
operation of TOPn1 pin disabled
0: Low level

1: High level

(d) TMPn counter read buffer register (TPnCNT)

By reading the TPnCNT register, the count value of the 16-bit counter can be
read.

(e) TMPn capture/compare register 0 (TPnCCRO)
If the TPNCCRAO register is set to Do, the interval is as follows.

Interval = (Do + 1) x Count clock cycle

(f) TMPn capture/compare register 1 (TPnCCR1)

Usually, the TPNCCR1 register is not used in the interval timer mode. However,
the set value of the TPNnCCR1 register is transferred to the CCR1 buffer
register. A compare match interrupt request signal (INTTPnCC1) is generated
when the count value of the 16-bit counter matches the value of the CCR1
buffer register.

Therefore, mask the interrupt request by using the corresponding interrupt
mask flag (TPnCCMK1).

TMPn 1/O control register 1 (TPnlOC1), TMPn 1/O control register 2
(TPnIOC2), and TMPn option register 0 (TPnOPTO) are not used in the interval
timer mode.
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(2) Interval timer mode operation flow

FFFFH

16-bit counter Do—1— Do—r— Do———
0000H
TPnCE bit
TPnCCRO register :X Do

TOPNO pin output

INTTPnCCO signal

<1>

<1> Count operation start flow

C smr )

Register initial setting
TPnCTLO register
(TPNnCKSO0 to TPnCKS2 bits)
TPnCTL1 register,
TPnlOCO register,
TPnCCRO register

TPnCE bit =1

<2> Count operation stop flow

TPnCE bit=0

C=

<2>

Initial setting of these registers is performed
before setting the TPnCE bit to 1.

The TPNnCKSO to TPNnCKS2 bits can be
set at the same time when counting has
been started (TPnCE bit = 1).

The counter is initialized and counting is
stopped by clearing the TPnCE bit to 0.

Figure 10-4 Software processing flow in interval timer mode
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(3) Interval timer mode operation timing
(a) Operation if TPNCCRO register is set to 0000H
If the TPNCCRO register is set to 0000H, the INTTPnCCO signal is generated
at each count clock, and the output of the TOPNO pin is inverted.
The value of the 16-bit counter is always 0000H.
Count clock

16-bit counter FFFFH

0000H

0000H

0000H

0000H

TPnCE bit

TPnCCRO register

0000H

TOPNO pin output

INTTPNnCCO signal

Interval time
Count clock cycle

Interval time

Count clock cycle

Interval time

Count clock cycle

(b) Operation if TPNCCRO register is set to FFFFH

If the TPNnCCRO register is set to FFFFH, the 16-bit counter counts up to
FFFFH. The counter is cleared to 0000H in synchronization with the next
count-up timing. The INTTPnCCO signal is generated and the output of the
TOPNO pin is inverted. At this time, an overflow interrupt request signal
(INTTPnQV) is not generated, nor is the overflow flag (TPnOPTO.TPnOVF bit)

setto 1.

FFFFH

16-bit counter

0000H

TPnCE bit

TPnCCRO register

TOPNO pin output

INTTPnCCO signal

FFFFH
Interval time Interval time Interval time
10000H x 10000H x 10000H x

count clock cycle

count clock cycle

count clock cycle
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16-bit counter

TPnCE bit
TPnCCRO register D1 D2
TPnOLObit L

TOPNO pin output

INTTPNnCCO signal —| —| —|

Note

FFFFH

0000H

(c) Notes on rewriting TPnCCRO register

To change the value of the TPNCCRO register to a smaller value, stop counting
once and then change the set value.

If the value of the TPnCCRO register is rewritten to a smaller value during
counting, the 16-bit counter may overflow.

D1 — D1 —

D2 Do— D2——

Interval time (1) Interval time (NG) Interval
time (2)

1. Interval time (1): (D1 + 1) x Count clock cycle
2. Interval time (NG): (10000H + D2 + 1) x Count clock cycle

3. Interval time (2): (D2 + 1) x Count clock cycle

If the value of the TPnCCRO register is changed from D1 to D2 while the count
value is greater than D2 but less than D1, the count value is transferred to the
CCRO buffer register as soon as the TPNnCCRO register has been rewritten.
Consequently, the value of the 16-bit counter that is compared is D-.

Because the count value has already exceeded D2, however, the 16-bit counter
counts up to FFFFH, overflows, and then counts up again from 0000H. When
the count value matches Dz, the INTTPnCCO signal is generated and the
output of the TOPNO pin is inverted.

Therefore, the INTTPnCCO signal may not be generated at the interval time
“(D1 + 1) x Count clock cycle” or “(Dz + 1) x Count clock cycle” originally
expected, but may be generated at an interval of

“(10000H + D2 + 1) x Count clock period”.
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Count clock

(d) Operation of TPNCCR1 register

TPnCCR1 register

iy

selection

)

. Output .
CCR1 buffer register controller © TOPN1 pin
@ Match signal INTTPnCCH signal
Clear
. Output .
16-bit counter controller © TOPNO pin
# Match signal INTTPnCCO signal

TPnCE bit

CCRO buffer register

i

TPnCCRO register

Figure 10-5 Configuration of TPnCCR1 register

FFFFH

16-bit counter

0000H

TPnCE bit

TPnCCRO register

TOPNO pin output

INTTPnCCO signal

TPnCCR1 register

TOPN1 pin output

INTTPnCC1 signal

If the set value of the TPNCCR1 register is less than the set value of the

TPnCCRO register, the INTTPnCC1 signal is generated once per cycle. At the
same time, the output of the TOPn1 pin is inverted.

The TOPn1 pin outputs a square wave with the same cycle as that output by
the TOPNO pin.

Dot

Aif;;7 D

Dot ——

ACT;;7 D

Dot ——

Z Di

Dot ——

vd

Figure 10-6 Timing chart when Do1 > D11
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Chapter 10 16-bit Timer/Event Counter P (TMP)

If the set value of the TPNCCR1 register is greater than the set value of the
TPnCCRO register, the count value of the 16-bit counter does not match the
value of the TPNCCR1 register. Consequently, the INTTPnCC1 signal is not
generated, nor is the output of the TOPn1 pin changed.

FFFFH

16-bit counter

0000H

TPnCE bit

TPnCCRO register Dot

TOPNO pin output

INTTPnCCO signal —| —| —| —|

TPnCCR1 register D

TOPN1 pin output

INTTPnCC1 signal L

Figure 10-7 Timing chart when Do1 < D11
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10.5.2

TIPNO pin
(external event O—

count input)

Figure 10-8

External event count mode (TPnMD2 to TPnMDO = 001)

In the external event count mode, the valid edge of the external event count
input is counted when the TPnCTLO.TPnCE bit is set to 1, and an interrupt
request signal (INTTPnCCO) is generated each time the specified number of
edges have been counted. The TOPnNO pin cannot be used.

Usually, the TPnCCR1 register is not used in the external event count mode.

Clear

Edge .
detector >—‘ 16-bit counter

Match signal
{} 2ch Sgna INTTPnCCO signal

TPnCE bit CCRO buffer register

ﬁ

TPnCCRO register

Configuration in external event count mode

FFFFH

I )\//—\

Do Do ! \‘\ Do
16-bit counter ! '
0000H 16-bit counter Do — 1 X Do 0000 X0001
External event
TPnCE bit count input
! (TIPnO pin input)
TPNCCRO register X Dol'l‘ TPnCCRO register Do
INTTPRCCO signal INTTPnCCO signal
External | External 1 External
event event event
count count count
interval interval interval
(DO) (DO+1) (DO +1)
Figure 10-9 Basic timing in external event count mode
Caution This figure shows the basic timing when the rising edge is specified as the
valid edge of the external event count input.
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When the TPnCE bit is set to 1, the value of the 16-bit counter is cleared from
FFFFH to 0000H. The counter counts each time the valid edge of external
event count input is detected. Additionally, the set value of the TPnCCRO
register is transferred to the CCRO buffer register.

When the count value of the 16-bit counter matches the value of the CCRO
buffer register, the 16-bit counter is cleared to 0000H, and a compare maich
interrupt request signal (INTTPnCCO) is generated.

The INTTPnCCO signal is generated each time the valid edge of the external
event count input has been detected (set value of TPNnCCRO register + 1)
times.

(1) Register setting for operation in external event count mode

(a) TMPn control register 0 (TPnCTLO)

TPnGE TPnCKS2 TPRCKS1 TPRCKSO
TereTo [ o1 | o | o | o | o | o | o | o |

‘ 0: Stop counting
1: Enable counting

(b) TMPn control register 1 (TPnCTL1)

TPnEST TPnEEE TPnMD2 TPnMD1 TPnMDO
TPnCTL1 | 0 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 |

0,0, 1:
External event count mode

1: Count with external
event input signal

(c) TMPn I/O control register 0 (TPnlIOCO0)

TPnOL1 TPnOE1 TPnOLO TPnOEO
TPnIOCO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 01 ‘ 0 ‘ 0 |
L 0: Disable TOPNO pin output

0: Disable TOPn1 pin output
1: Enable TOPNn1 pin output

Setting of output level with
operation of TOPn1 pin

disabled

0: Low level

1: High level
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(d) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPnEESO TPnETS1 TPnETSO

TPnIOC2 | 0

‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 01 ‘ 0 ‘ 0 |

Note

Caution

Select valid edge
of external event
count input

(e) TMPn counter read buffer register (TPnCNT)

The count value of the 16-bit counter can be read by reading the TPnCNT
register.

(f) TMPn capture/compare register 0 (TPnCCRO0)

If Do is set to the TPNCCRO register, the counter is cleared and a compare
match interrupt request signal (INTTPnCCO) is generated when the number of
external event counts reaches (Do + 1).

(g) TMPn capture/compare register 1 (TPnCCR1)

Usually, the TPnCCR1 register is not used in the external event count mode.
However, the set value of the TPNnCCR1 register is transferred to the CCR1
buffer register. When the count value of the 16-bit counter matches the value of
the CCR1 buffer register, a compare match interrupt request signal
(INTTPnCC1) is generated.

Therefore, mask the interrupt signal by using the interrupt mask flag
(TPnCCMK1).

TMPn I/O control register 1 (TPnIOC1) and TMPn option register 0 (TPNOPTO)
are not used in the external event count mode.

When the compare register TPnCCRO (TPnCCRH1) is set to 00004 and the

external event counter mode is started the first interrupt INTTPnCCO
(INTTPnCC1) occurs upon the first timer overflow (TPNnCNT:

FFFFy — 00004), but not with the first external count event.

Afterwards the following interrupts INTTPnNCCO (INTTPnCC1) are generated
as specified, i.e. with each external count event.
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(2) External event count mode operation flow

FFFFH

. Do — Do — Do —
16-bit counter

0000H

TPnCE bit

TPnCCRO register x Do

INTTPnCCO signal —| —| —|

<1> <2>

<1> Count operation start flow

(o )

Register initial setting Initial setting of these registers
TPnCTLO register ] is performed before setting the
(TPNnCKSO0 to TPnCKS2 bits) TPnCE bit to 1.

TPnCTLA1 register,
TPnlIOCO register,
TPnlOC2 register,
TPnCCRO register,

The TPnCKSO0 to TPnCKS2 bits can
be set at the same time when counting
has been started (TPnCE bit = 1).

TPnCE bit =1

<2> Count operation stop flow

The counter is initialized and counting
TPnCE bit=0 is stopped by clearing the TPnCE bit to 0.

=

Figure 10-10 Flow of software processing in external event count mode
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(8) Operation timing in external event count mode

(a) Operation if TPNCCRO register is set to 0000H

If the TPNCCRO register is set to 0000H, the INTTPnCCO signal is generated
each time the valid signal of the external event count signal has been detected.

The 16-bit counter is always 0000H.

External event count signal

16-bit counter

FFFFH

0000H

0000H

0000H

0000H

TPnCE bit

TPnCCRO register

0000H

INTTPnCCO signal

External event
count signal
interval

External event
count signal
interval

External event
count signal
interval

(b) Operation if TPNCCRO register is set to FFFFH

If the TPNCCRO register is set to FFFFH, the 16-bit counter counts to FFFFH
each time the valid edge of the external event count signal has been detected.
The 16-bit counter is cleared to 0000H in synchronization with the next count-

up timing, and the INTTPnCCO signal is generated. At this time, the

TPnOPTO.TPnOVF bit is not set.

FFFFH

16-bit counter

0000H
TPnCE bit
TPnCCRO register FFFFH
INTTPnCCO signal —l —l
External event | External event | External event
count signal count signal count signal
interval interval interval
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(c) Notes on rewriting the TPnCCRO register
To change the value of the TPNnCCRO register to a smaller value, stop counting
once and then change the set value.
If the value of the TPnCCRO register is rewritten to a smaller value during
counting, the 16-bit counter may overflow.
FFFFH
D1 —— D1—
16-bit counter De Do Do
0000H
TPnCE bit
TPnCCRO register D1 D2
INTTPNnCCO signal
External event External event count signal |External event
count signal interval (NG) count signal
interval (1) (10000H + D2 + 1) interval (2)
(D1 +1) (D2 + 1)
If the value of the TPnCCRO register is changed from D1 to D2 while the count
value is greater than D2 but less than D1, the count value is transferred to the
CCRO buffer register as soon as the TPNnCCRO register has been rewritten.
Consequently, the value that is compared with the 16-bit counter is Da.
Because the count value has already exceeded D2, however, the 16-bit counter
counts up to FFFFH, overflows, and then counts up again from 0000H. When
the count value matches Dz, the INTTPnCCO signal is generated.
Therefore, the INTTPnCCO signal may not be generated at the valid edge
count of “(D1 + 1) times” or “(D2 + 1) times” originally expected, but may be
generated at the valid edge count of “(10000H + Dz + 1) times”.
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(d) Operation of TPNCCR1 register

TPnCCR1 register

iy

CCR1 buffer register

Output

™ controller ©T0Pn1 pin

{} Match signal INTTPnCC1 signal
Clear

TIPnO pin @— deﬁi%for )—* 16-bit counter

Match signal
{} alch signa INTTPNCCO signal

{}

TPnCE bit CCRO buffer register

i

TPnCCRO register

Figure 10-11 Configuration of TPnCCR1 register

If the set value of the TPNCCR1 register is smaller than the set value of the
TPnCCRO register, the INTTPnCC1 signal is generated once per cycle. At the
same time, the output signal of the TOPn1 pin is inverted.

FFFFH
Dot —— Dot —— Dot —— Dot o
16-bit counter Dt Z D11 Z D11 Z D11 Z

0000H

TPnCE bit

TPnCCRO register Dot

INTTPNnCCO signal —l —l —l —l

TPnCCRH1 register D11

TOPN1 pin output

INTTPnCC1 signal —| —| —| —|

Figure 10-12 Timing chart when Do1 > D11
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FFFFH

16-bit counter

0000H

TPnCE bit

TPnCCRO register

INTTPNCCO signal

TPnCCRH1 register

TOPN1 pin output

INTTPnCC1 signal

If the set value of the TPNCCR1 register is greater than the set value of the
TPnCCRO register, the INTTPnCC1 signal is not generated because the count
value of the 16-bit counter and the value of the TPnCCR1 register do not
match. Nor is the output signal of the TOPn1 pin changed.

Figure 10-13 Timing chart when Do1 < D11
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Chapter 10
10.5.3 External trigger pulse output mode
(TPnMD2 to TPnMDO = 010)
In the external trigger pulse output mode, 16-bit timer/event counter P waits for
a trigger when the TPNnCTLO.TPnCE bit is set to 1. When the valid edge of an
external trigger input signal is detected, 16-bit timer/event counter P starts
counting, and outputs a PWM waveform from the TOPn1 pin.
Pulses can also be output by generating a software trigger instead of using the
external trigger. When using a software trigger, a square wave that has one
cycle of the PWM waveform as half its cycle can also be output from the
TOPNO pin.
TPnCCRH1 register
) Edge T T I
TIPnO pin O— detector {} ransfer
| . |o Output
CCR1 buffer register controller |—=@©) TOPN1 pin
Software trigger ( iails)
O
generation {} Match signal | | INTTPRCCH signal
Clear
Count Count Output
clock start | 16-bit counter =1 @ TOPNO pin
selection } control ood controller
% Match signal INTTPNCCO signal
TPnCE bit CCRO buffer register
{} Transfer
TPnCCRO register

Figure 10-14 Configuration in external trigger pulse output mode
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FFFFH

16-bit counter

0000H

TPnCE bit

External trigger input
(TIPNO pin input)

TPnCCRO register x Do

INTTPnCCO signal

TOPNO pin output
(software trigger)

TPnCCR1 register x D1

INTTPnCC1 signal

TOPN1 pin output

Do Do

e

Do

T

Do

D+ Zi D+

Wait | Active level Active level Active level
for | width (D1) width (D1) width (D1)
trigger
Cycle (Do+ 1) = Cycle (Do + 1) Cycle (Do + 1)

Figure 10-15 Basic timing in external trigger pulse output mode

16-bit timer/event counter P waits for a trigger when the TPnCE bit is set to 1.
When the trigger is generated, the 16-bit counter is cleared from FFFFH to
0000H, starts counting at the same time, and outputs a PWM waveform from
the TOPn1 pin.

If the trigger is generated again while the counter is operating, the counter is
cleared to 0000H and restarted.

The active level width, cycle, and duty factor of the PWM waveform can be
calculated as follows.

Active level width = (Set value of TPNnCCR1 register) x Count clock cycle
Cycle = (Set value of TPnCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TPNnCCR1 register)/(Set value of TPnCCRO register + 1)

The compare match request signal INTTPnCCO is generated when the 16-bit

counter counts next time after its count value matches the value of the CCRO

buffer register, and the 16-bit counter is cleared to 0000H. The compare match
interrupt request signal INTTPNnCC1 is generated when the count value of the
16-bit counter matches the value of the CCR1 buffer register.

The value set to the TPNCCRm register is transferred to the CCRm buffer
register when the count value of the 16-bit counter matches the value of the
CCRm buffer register and the 16-bit counter is cleared to 0000H.

The valid edge of an external trigger input signal, or setting the software trigger
(TPNnCTL1.TPnEST bit) to 1 is used as the trigger.

RO1UH0027ED0420 Rev. 4.20

User Manual

RENESAS 217



Chapter 10 16-bit Timer/Event Counter P (TMP)

(1) Setting of registers in external trigger pulse output mode

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPnCKS2 TPnCKS1 TPRCKS0
TPnCTLO|0/1‘O ‘ 0 ‘ o‘o‘on‘on‘onl

Select count clock™°'®

0: Stop counting
1: Enable counting

Note The setting is invalid when the TPnCTL1.TPnEEE bit = 1.

(b) TMPn control register 1 (TPnCTL1)

TPnEST TPnEEE TPnMD2 TPnMD1 TPnMDO

TPnCTL1| 0 ‘ 0/1 ‘ 01 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 |
) e

External trigger pulse
output mode

0: Operate on count
clock selected by
TPnCKSO0 to TPNCKS2 bits
1: Count with external
event input signal

Generate software trigger
when 1 is written

(c) TMPn I/O control register 0 (TPnIOCO0)

TPnOL1 TPnOE1 TPnOLO TPnOEO
TPnIOCOlO ‘ o‘o‘o‘om‘on‘on‘onl

0: Disable TOPNO pin output
1: Enable TOPNO pin output

Settings of output level while
operation of TOPnO pin is disabled
0: Low level

1: High level

0: Disable TOPn1 pin output
1: Enable TOPn1 pin output

Specifies active level of TOPn1
pin output

0: Active-high

1: Active-low

e When TPnOL1 bit=0 e When TPnOL1 bit = 1

16-bit counter /I/l/l/l/ 16-bit counter /l/l/l/l/

TOPnN1 pin output TOPn1pinoutput —|__ [ L[ L I L

RO1UHO0027ED0420 Rev. 4.20 RENESAS 278
User Manual



Chapter 10 16-bit Timer/Event Counter P (TMP)

(d) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPnEESO TPnETS1 TPnETSO
TPnlOC2 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 01 |

Select valid edge of

external trigger input

Select valid edge of
external event count input

(e) TMPn counter read buffer register (TPnCNT)
The value of the 16-bit counter can be read by reading the TPnCNT register.

(f) TMPn capture/compare registers 0 and 1 (TPnCCRO and TPnCCR1)

If Do is set to the TPnCCRO register and D1 to the TPnCCR1 register, the cycle
and active level of the PWM waveform are as follows.

Cycle = (Do + 1) x Count clock cycle

Active level width = D1 x Count clock cycle

Note TMPn I/O control register 1 (TPnIOC1) and TMPn option register 0 (TPnOPTO)
are not used in the external trigger pulse output mode.

RO1UHO0027ED0420 Rev. 4.20 RENESAS 279
User Manual



Chapter 10

16-bit Timer/Event Counter P (TMP)

(2)

FFFFH
16-bit counter
0000H

TPnCE bit

External trigger input
(TIPNO pin input)

TPnCCRO register
CCRO buffer register

INTTPNnCCO signal

TOPNO pin output
(software trigger)

TPnCCR1 register
CCR1 buffer register
INTTPnCC1 signal

TOPN1 pin output

Operation flow in external trigger pulse output mode

Do+ Dot Dot
Doo Doo D11 D11 Doo
D1o D1o Dio D1o
X Doo Dot Doo
X X Dot Doo
X D1o D1o D11 X D1o
X X Do X D11 D1o

<1>

<2> <3>

<4>

<5>

Figure 10-16 Software processing flow in external trigger pulse output mode (1/2)
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<1> Count operation start flow <3> PnCCRO, TPnCCR1 register

setting change flow

Only writing of the TPNCCR1

(o )

Setting of TPNCCR1 register

register must be performed when
the set duty factor is changed.
When the counter is cleared after
setting, the value of the

TPnCCRm register is transferred
Register initial setting Initial setting of these ‘ to the CCRm buffer register.
TPnCTLO registers is performed !
(TPNCKSO0 to TPNCKS2 bits) before setting the 1
TPnCTLA1, TPnCE bit to 1.
TPnIOCO,
TPnIOC2,
TPnCCRO,
TPnCCR1 <4> PnCCRO, TPnCCR1 register
setting change flow
The TPnCKSO to |
TPNCKS2 bits can be !
. set at the same time ‘
TPnCE bit = 1 when counting is When the counter is

enabled (TPnCE bit = 1).
Trigger wait status

cleared after setting,

the value of the TPNCCRm
register is transferred to
the CCRm buffer register.

Setting of TPNCCRO register

Setting of TPNCCR1 register

<2> TPnCCRO and TPnCCR1 register
setting change flow

Setting of TPNCCRO register

<5> Count operation stop flow

TPnCCRH1 register write
processing is necessary
only when the set
cycle is changed.

TPnCE bit=0

STOP )

Counting is stopped.

When the counter is
cleared after setting,

the value of the TPNCCRm
‘ register is transferred to

Setting of TPNCCR1 register

the CCRm buffer register.

Figure 10-17 Software processing flow in external trigger pulse output mode (2/2)
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(3) External trigger pulse output mode operation timing
(a) Note on changing pulse width during operation
To change the PWM waveform while the counter is operating, write the
TPnCCR1 register last.
Rewrite the TPNnCCRm register after writing the TPnCCR1 register after the
INTTPnCCO signal is detected.
FFFFH
Dot —4— Dot ——
16-bit counter - — - / 4 /
D1|03002 D1|03002 DEOOZ D11 D1
0000H
TPnCE bit
External trigger input
(TIPnO pin input) —|

TPnCCRO register

CCRO buffer register Doo Dot

INTTPnCCO signal —| —| —| —| —|

TOPNO pin output
(software trigger)

TPnCCR1 register x D1o X D11

CCR1 buffer register
INTTPnCC1 signal

TOPN1 pin output

x Doo X Dot

In order to transfer data from the TPnCCRm register to the CCRm buffer
register, the TPnCCR1 register must be written.

To change both the cycle and active level width of the PWM waveform at this
time, first set the cycle to the TPnCCRO register and then set the active level
width to the TPNCCR1 register.

To change only the cycle of the PWM waveform, first set the cycle to the
TPnCCRO register, and then write the same value to the TPNnCCR1 register.

To change only the active level width (duty factor) of the PWM waveform, only
the TPnCCR1 register has to be set.

After data is written to the TPNnCCR1 register, the value written to the
TPnCCRm register is transferred to the CCRm buffer register in
synchronization with clearing of the 16-bit counter, and is used as the value
compared with the 16-bit counter.

To write the TPNCCRO or TPNnCCR1 register again after writing the TPnCCR1
register once, do so after the INTTPnCCO signal is generated. Otherwise, the
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value of the CCRm buffer register may become undefined because the timing
of transferring data from the TPnCCRm register to the CCRm buffer register
conflicts with writing the TPnCCRm register.

(b) 0%/100% output of PWM waveform

To output a 0% waveform, set the TPnCCR1 register to 0000H. If the set value
of the TPnCCRQO register is FFFFH, the INTTPnCC1 signal is generated
periodically.

Count clock | | | | | | | | | | | | | | | | | | |
16-bit counter ~ FFFF X 0000 ;:XDO -1 X Do 0000 X 0001 x :X Do-1 X Do 0000 x
)]

TPnCE bit

g {
)] )]

TPnCCRO register Do Do Do
{( {
| !

TPnCCR1 register 0000H B 0000H B 0000H
)] )]

INTTPnCCO signal

INTTPNCC1 signal

TOPN1 pin output

To output a 100% waveform, set a value of (set value of TPnCCRO register + 1)
to the TPNCCR1 register. If the set value of the TPnCCRO register is FFFFH,
100% output cannot be produced.

Count clock |||||||||||||||||||
16-bit counter FFFF 0000 ::XDO—1X Do 0000X0001x :XD0—1X Do 0000*
[
)]

{
)
TPnCE bit

{( {
)] )]

TPnCCRO register Do Do Do
! R
)] )]

TPnCCRH1 register Do + 1 Do + 1 Do + 1

INTTPnCCO signal ) |
)

INTTPnCC1 signal

TOPN1 pin output
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16-bit counter

External trigger input
(TIPNO pin input)

(c) Conflict between trigger detection and match with TPnCCR1 register

If the trigger is detected immediately after the INTTPnCC1 signal is generated,
the 16-bit counter is immediately cleared to 0000H, the output signal of the
TOPN1 pin is asserted, and the counter continues counting. Consequently, the
inactive period of the PWM waveform is shortened.

16-bit counter  FFFF .0000 XD1—1 0000 X

External trigger input
(TIPNO pin input)

TPnCCRH1 register D+

INTTPnCC1 signal _l

TOPN1 pin output

Shortened

If the trigger is detected immediately before the INTTPnCC1 signal is
generated, the INTTPnCC1 signal is not generated, and the 16-bit counter is
cleared to 0000H and continues counting. The output signal of the TOPn1 pin
remains active. Consequently, the active period of the PWM waveform is
extended.

FFFF 0000 x D1 - 2X X OOOOX 0001 x XD1—1

TPnCCR1 register ) D1 B
INTTPnCC1 signal N M _l
TOPN1 pin output
Extended
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(d) Conflict between trigger detection and match with TPnCCRO register

If the trigger is detected immediately after the INTTPnCCO signal is generated,
the 16-bit counter is cleared to 0000H and continues counting up. Therefore,
the active period of the TOPn1 pin is extended by time from generation of the

INTTPNnCCO signal to trigger detection.

16-bit counter ~ FFFF .OOOO x Do — 1X Do

0000 |[X 0000 X:

External trigger input
(TIPNO pin input) )

g

TPnCCRO register Do

INTTPNCCO signal

=

TOPN1 pin output

Extended

If the trigger is detected immediately before the INTTPnCCO signal is
generated, the INTTPnCCO signal is not generated. The 16-bit counter is
cleared to 0000H, the TOPn1 pin is asserted, and the counter continues

counting. Consequently, the inactive period of the PWM
shortened.

waveform is

|
0000 X 0001 X:

16-bit counter ~ FFFF .0000 x Do—1X Do

External trigger input
(TIPNO pin input)

:

TPnCCRO register B Do
T
INTTPNCCO signal N
)T
TOPN1 pin output
Shc?rgned
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Count clock

16-bit counter

TPnCCRT1 register

TOPN1 pin output

INTTPnCC1 signal

(e) Generation timing of compare match interrupt request signal
(INTTPnCC1)

The timing of generation of the INTTPnCC1 signal in the external trigger pulse
output mode differs from the timing of other INTTPnNCC1 signals; the
INTTPNnCC1 signal is generated when the count value of the 16-bit counter
matches the value of the TPNCCR1 register.

Di-1 X Di-1 D1 X Di+1 X D1+2

D1

Usually, the INTTPnCC1 signal is generated in synchronization with the next
count up, after the count value of the 16-bit counter matches the value of the
TPnCCR1 register.

In the external trigger pulse output mode, however, it is generated one clock
earlier. This is because the timing is changed to match the timing of changing
the output signal of the TOPn1 pin.
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10.5.4 One-shot pulse output mode (TPnMD2 to TPnMDO = 011)

In the one-shot pulse output mode, 16-bit timer/event counter P waits for a
trigger when the TPnCTLO.TPnCE bit is set to 1. When the valid edge of an
external trigger input is detected, 16-bit timer/event counter P starts counting,
and outputs a one-shot pulse from the TOPn1 pin.

Instead of the external trigger, a software trigger can also be generated to

output the pulse. When the software trigger is used, the TOPnO pin outputs the
active level while the 16-bit counter is counting, and the inactive level when the
counter is stopped (waiting for a trigger).

TIPno pin ©——| 998

detector

Software trigger

TPnCCRH1 register

L

Transfer

CCR1 buffer register

L

{} Match signal

Output
F‘controller
(RS-FF)

O TOPn1 pin

generation INTTPRCC1 signal
Clear
Output
Count clock ) Count start =S
’ 16-bit counter controller |—©) TOPRO pin
selection control R (Rs-FF)
% Match signal INTTPRCCO signal
TPnCE bit CCRO buffer register
{ ¥ Transfer
|
TPnCCRO register
Figure 10-18 Configuration in one-shot pulse output mode
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FFFFH

16-bit counter

0000H

TPnCE bit

External trigger input
(TIPNO pin input)

TPnCCRO register

INTTPnCCO signal

TOPNO pin output

TPnCCRA1 register

INTTPnCC1 signal

TOPN1 pin output

:X Do

:X— D1

Delay | Active Delay | Active Delay | Active
(D1) level width (Do) level width  (D1) level width
(Do—D1+1) (Do—D1+1) (Do—D1+1)

Figure 10-19 Basic timing in one-shot pulse output mode

When the TPnCE bit is set to 1, 16-bit timer/event counter P waits for a trigger.
When the trigger is generated, the 16-bit counter is cleared from FFFFH to
0000H, starts counting, and outputs a one-shot pulse from the TOPn1 pin.
After the one-shot pulse is output, the 16-bit counter is set to FFFFH, stops
counting, and waits for a trigger. If a trigger is generated again while the one-
shot pulse is being output, it is ignored.

The output delay period and active level width of the one-shot pulse can be
calculated as follows.

Output delay period = (Set value of TPnCCR1 register) x Count clock cycle

Active level width =
(Set value of TPNnCCRO register — Set value of TPNnCCR1 register + 1) x Count clock cycle

The compare match interrupt request signal INTTPnCCO is generated when
the 16-bit counter counts after its count value matches the value of the CCRO
buffer register. The compare match interrupt request signal INTTPnCC1 is
generated when the count value of the 16-bit counter matches the value of the
CCR1 buffer register.

The valid edge of an external trigger input or setting the software trigger
(TPnCTL1.TPNnEST bit) to 1 is used as the trigger.
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(1) Setting of registers in one-shot pulse output mode

(a) TMPn control register 0 (TPnCTLO)

TPnCE

TPnCKS2 TPnCKS1 TPnCKS0
TPnCTLO | o/ ‘ 0 ‘ 0 ‘

0 ‘ 0 ‘ 01 ‘ 01 ‘ 0/1 |

Select count clock™°'®

0: Stop counting
1: Enable counting

Note The setting is invalid when the TPnCTL1.TPnEEE bit = 1.

(b) TMPn control register 1 (TPnCTL1)

TPnEST TPnEEE TPnMD2 TPnMD1 TPnMDO
TPnCTL1 | 0 ‘ 0/1 ‘ 01 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 1 |

]

0,1, 1:
One-shot pulse output mode

0: Operate on count clock
selected by TPnCKSO0 to
TPnCKS2 bits

1: Count external event
input signal

Generate software trigger
when 1 is written
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(c) TMPn I/O control register 0 (TPnlIOCO0)

TPnOL1 TPnOE1 TPnOLO TPnOEO
TPnIOCOl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 01 ‘ 01 |

0: Disable TOPNO pin output
1: Enable TOPNO pin output

Setting of output level while
operation of TOPnO pin is disabled
0: Low level

1: High level

0: Disable TOPn1 pin output
1: Enable TOPN1 pin output

Specifies active level of
TOPN1 pin output

0: Active-high
1: Active-low
e When TPnOL1 bit=0 e When TPnOL1 bit = 1
16-bit counter M 16-bit counter d d
TOPN1 pin output 1 L TOPN1 pin output L1 I

(d) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPnEESO TPnETS1 TPRETSO
TPnIOCZl 0 ‘ o‘o‘o‘on‘on‘on‘onl

Select valid edge of

external trigger input

Select valid edge of
external event count input

(e) TMPn counter read buffer register (TPnCNT)
The value of the 16-bit counter can be read by reading the TPnCNT register.

(f) TMPn capture/compare registers 0 and 1 (TPnCCRO and TPnCCR1)

If Do is set to the TPnCCRO register and D1 to the TPNnCCR1 register, the active
level width and output delay period of the one-shot pulse are as follows.

Active level width = (D1 - Do + 1) x Count clock cycle

Output delay period = D1 x Count clock cycle

Note TMPn I/O control register 1 (TPnIOC1) and TMPn option register 0 (TPNOPTO)
are not used in the one-shot pulse output mode.
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(2) Operation flow in one-shot pulse output mode

FFFFH
Do —— Do ——
16-bit counte Z Z
I unter D1 D1
0000H
TPnCE bit

External trigger input _| _|
(TIPNO pin input)
TPnCCRO register x Do

INTTPNnCCO signal —| —|

TPnCCR1 register x Dr

INTTPnCC1 signal —| —|

TOPN1 pin output

T

<1> <2>

<1> Count operation start flow

(o )

Register initial setting Initial setting of these registers is

TPnCTLO performed before setting the TPnCE bit to 1.
(TPNCKSO to TPRCKS2 bits)

TPnCTLA,
TPnIOCO,
TPnIOC2,
TPnCCRO,
TPnCCR1

The TPNCKSO0 to TPnCKS2 bits

can be set at the same time when
counting has been started (TPnCE bit = 1).
Trigger wait status

TPnCE bit =1

<2> Count operation stop flow

TPnCE bit=0 Count operation is stopped

C=

Figure 10-20 Software processing flow in one-shot pulse output mode
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)

FFFFH
16-bit counter

0000H

Operation timing in one-shot pulse output mode

(a) Note on rewriting TPNCCRm register

To change the set value of the TPnCCRm register to a smaller value, stop
counting once, and then change the set value.

If the value of the TPNnCCRm register is rewritten to a smaller value during
counting, the 16-bit counter may overflow.

Doo

Doo —r— _
D1o / D1o Z D1o / Dot ———
D11 Z

TPnCE bit

External trigger input
(TIPNO pin input)

TPnCCRO register

INTTPnCCO signal

TOPNO pin output

TPnCCR1 register

INTTPnCC1 signal

TOPN1 pin output

x Doo X Dot

x D1o X D11

Delay Delay Delay

(D10) (D10) (10000H + D11) .
Active level width Active level width Active level width
(Doo — D10 + 1) (Doo — D10 + 1) (Dot — D11+ 1)

When the TPnCCRO register is rewritten from Doo to Dor and the TPnCCR1
register from D1o to D11 where Doo > Dor and D10 > D11, if the TPNCCR1 register
is rewritten when the count value of the 16-bit counter is greater than D11 and
less than Do and if the TPNCCRO register is rewritten when the count value is
greater than Dos and less than Doo, each set value is reflected as soon as the
register has been rewritten and compared with the count value. The counter
counts up to FFFFH and then counts up again from 0000H. When the count
value matches D11, the counter generates the INTTPNCC1 signal and asserts
the TOPn1 pin. When the count value matches Do1, the counter generates the
INTTPnCCO signal, deasserts the TOPn1 pin, and stops counting.

Therefore, the counter may output a pulse with a delay period or active period
different from that of the one-shot pulse that is originally expected.
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(b) Generation timing of compare match interrupt request signal
(INTTPnCC1)

The generation timing of the INTTPnCC1 signal in the one-shot pulse output
mode is different from other INTTPnCC1 signals; the INTTPnCC1 signal is
generated when the count value of the 16-bit counter matches the value of the
TPnCCR1 register.

Count clock
16-bit counter Di-2 X Di-1 D1 X D1 +1 X Di+2
TPnCCRH1 register D1

TOPN1 pin output

INTTPnCC1 signal

Usually, the INTTPnCC1 signal is generated when the 16-bit counter counts up
next time after its count value matches the value of the TPnCCR1 register.

In the one-shot pulse output mode, however, it is generated one clock earlier.
This is because the timing is changed to match the change timing of the
TOPN1 pin.
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Chapter 10
10.5.5 PWM output mode (TPnMD2 to TPnMDO = 100)
In the PWM output mode, a PWM waveform is output from the TOPn1 pin
when the TPNnCTLO.TPnCE bit is setto 1.
In addition, a pulse with one cycle of the PWM waveform as half its cycle is
output from the TOPnNO pin.
TPnCCR1 register
\ Transfer
15
| .|o Output
CCR1 buffer register F‘controller O TOPnN1 pin
( (RS-FF)
& Match signal | | INTTPNCC1 signal
Clear
Count Count Output
clock start 16-bit counter = —=(O TOPNO pin
selection } control controller
# Match signal INTTPNCCO signal
TPnCE bit CCRO buffer register
{} Transfer
TPnCCRO register
Figure 10-21 Configuration in PWM output mode
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FFFFH

— D D11

16-bit counter Doo
10

Z*DDOOZ*DDOOZ

10 10

0000H

TPnCE bit

TPnCCRO register

>
o

>
o

CCRO buffer register Doo Do+

NTTPnCCO signal _l —l —l —l —l

TOPNO pin output

>
o

>
o

TPnCCRH1 register

CCR1 buffer register Do D11

INTTPnCC1 signal _| —| —| —| —|

TOPN1 pin output

Active period  Cycle Inactive period
(D10) (Doo + 1) (Doo — D1o + 1)

Figure 10-22 Basic timing in PWM output mode

When the TPnCE bit is set to 1, the 16-bit counter is cleared from FFFFH to
0000H, starts counting, and outputs a PWM waveform from the TOPn1 pin.

The active level width, cycle, and duty factor of the PWM waveform can be
calculated as follows.

Active level width = (Set value of TPnCCR1 register) x Count clock cycle
Cycle = (Set value of TPNCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TPnCCR1 register)/(Set value of TPnCCRO register + 1)

The PWM waveform can be changed by rewriting the TPnCCRm register while
the counter is operating. The newly written value is reflected when the count
value of the 16-bit counter matches the value of the CCRO buffer register and
the 16-bit counter is cleared to 0000H.

The compare match interrupt request signal INTTPNCCO is generated when
the 16-bit counter counts next time after its count value matches the value of
the CCRO buffer register, and the 16-bit counter is cleared to 0000H. The
compare match interrupt request signal INTTPnCC1 is generated when the
count value of the 16-bit counter matches the value of the CCR1 buffer
register.

The value set to the TPNCCRm register is transferred to the CCRm buffer
register when the count value of the 16-bit counter matches the value of the
CCRm buffer register and the 16-bit counter is cleared to 0000H.
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(1) Setting of registers in PWM output mode

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPnCKS2 TPnCKS1 TPRCKS0
TPnCTLOl 0/ ‘ 0 0 ‘ 0/ ‘ 0/1 ‘ 0/1 |

Select count clock™°'®

0: Stop counting
1: Enable counting

Note The setting is invalid when the TPnCTL1.TPnEEE bit = 1.

(b) TMPn control register 1 (TPnCTL1)

TPnEST TPnEEE TPnMD2 TPnMD1 TPnMDO
TPnCTL1 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 0 |
1,0,0:

PWM output mode

(c) TMPn I/O control register 0 (TPnIOCO0)

TPnOL1 TPnOE1 TPnOLO TPnOEO
TPnIOCOlO ‘ o‘o‘o‘on‘on‘on‘onl

0: Disable TOPNO pin output
1: Enable TOPNO pin output

Setting of output level while
operation of TOPnO pin is disabled
0: Low level

1: High level

0: Disable TOPn1 pin output
1: Enable TOPn1 pin output

Specifies active level of TOPn1

pin output
0: Active-high
1: Active-low
e When TPnOL1 bit=0 e When TPnOL1 bit = 1
16-bit counter /l/l/l/l/ 16-bit counter /l/l/l/l/
TOPn1pinoutput _ [ LI LI L I TOPnipinoutput —1__ [~ L L I L
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(d) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPnEESO TPnETS1 TPnETSO

TPnlOC2 | 0

‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 01 ‘ 0 ‘ 0 |

Note

Select valid edge
of external event
count input.

(e) TMPn counter read buffer register (TPnCNT)
The value of the 16-bit counter can be read by reading the TPnCNT register.

(f) TMPn capture/compare registers 0 and 1 (TPnCCRO and TPnCCR1)

If Do is set to the TPNnCCRO register and D1 to the TPNnCCR1 register, the cycle
and active level of the PWM waveform are as follows.

Cycle = (Do + 1) x Count clock cycle

Active level width = D1 x Count clock cycle

TMPn I/O control register 1 (TPnIOC1) and TMPn option register 0 (TPNOPTO)
are not used in the PWM output mode.
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(2) Operation flow in PWM output mode

FFFFH

16-bit counter

0000H

TPnCE bit

TPnCCRO register

CCRO buffer register

INTTPNnCCO signal

TOPNO pin output

TPnCCRT1 register

CCR1 buffer register

INTTPnCC1 signal

TOPN1 pin output

Dot Dot Dot
Doo Doo D11 D11 Doo
Do Do Dro D1o
x Doo X Dot X Doo
Doo X Dot X Doo
x D1o Do D11 Do
D1o X D1o X D11 X D1o

|

<1>

|

<2>

<3>

<4>

Figure 10-23 Software processing flow in PWM output mode (1/2)
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<1> Count operation start flow <3> TPnCCRO, TPnCCR1 register
setting change flow

| Only writing of the TPNCCR1
( START ) | register must be performed
‘ when the set duty factor is
changed. When the counter is
Setting of TPnCCR1 register cleared after setting, the
value of compare register m
Register initial setting Initial setting of these ‘ is transferred to the CCRm
TPnCTLO registers is performed ! buffer register.
(TPNCKSO0 to TPnCKS2 bits) before setting the |
TPnCTLA, TPnCE bitto 1.
TPnIOCO,
TPnlOC2,
TPnCCRO,
TPnCCR1 <4> TPnCCRO, TPnCCR1 register
setting change flow
The TPnCKSO to

TPNCKS2 bits can be !

set at the same time ‘

when counting is When the counter is
enabled (TPnCE bit = 1). Setting of TPNCCRO register cleared after setting,

the value of the TPNCCRm
register is transferred to the
CCRm buffer register.

TPnCE bit = 1

Setting of TPNCCR1 register

<2> TPnCCRO, TPnCCR1 register
setting change flow

TPnCCR1 write i
. ) TPnCE bit=0
Setting of TPNCCRO register processing is necessary

only when the set cycle
is changed.

When the counter is STOP
Setting of TPNCCR1 register cleared after setting,

the value of the TPNCCRm
‘ register is transferred to the

<5> Count operation stop flow

Counting is stopped.

CCRm buffer register.

Figure 10-24 Software processing flow in PWM output mode (1/2)
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TPnCCRQO register

CCRO buffer register Doo Do1
TPnCCRH1 register X D1o X D11
CCR1 buffer register D1o D11

TOPN1 pin output

INTTPNnCCO signal

(3) PWM output mode operation timing
(a) Changing pulse width during operation
To change the PWM waveform while the counter is operating, write the
TPnCCR1 register last.
Rewrite the TPNnCCRm register after writing the TPnCCR1 register after the
INTTPnCC1 signal is detected.
FFFFH
Dot —7— Dot —4—
16-bit counter _ - - 4 / 4 /
D1IODOOZ D10DOOZ DEOOZ D11 D+
0000H
TPnCE bit

>

Doo| X Dot

To transfer data from the TPnCCRm register to the CCRm buffer register, the
TPnCCR1 register must be written.

To change both the cycle and active level of the PWM waveform at this time,
first set the cycle to the TPnCCRO register and then set the active level to the
TPnCCR1 register.

To change only the cycle of the PWM waveform, first set the cycle to the
TPnCCRO register, and then write the same value to the TPNnCCR1 register.

To change only the active level width (duty factor) of the PWM waveform, only
the TPnCCR1 register has to be set.

After data is written to the TPNnCCR1 register, the value written to the
TPnCCRm register is transferred to the CCRm buffer register in
synchronization with clearing of the 16-bit counter, and is used as the value
compared with the 16-bit counter.

To write the TPnCCRO or TPNCCR1 register again after writing the TPnCCR1
register once, do so after the INTTPnCCO signal is generated. Otherwise, the
value of the CCRm buffer register may become undefined because the timing
of transferring data from the TPnCCRm register to the CCRm buffer register
conflicts with writing the TPnCCRm register.
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(b) 0%/100% output of PWM waveform

To output a 0% waveform, set the TPnCCR1 register to 0000H. If the set value
of the TPnCCRO register is FFFFH, the INTTPnCC1 signal is generated
periodically.

Count clock | | | | | | | | | | | | | | | | | |
16-bit counter ~ FFFF X 0000 ::XDoo—1X Doo OOOOX 0001 x :XDoo—1X Doo 0000 x
3

)
TPnCE bit

{( {
)] )]

TPnCCRO register Doo Doo Doo
! R
)] )]

TPnCCR1 register 0000H 0000H 0000H
g {
)] )]

INTTPNCCO signal

INTTPnCC1 signal

TOPN1 pin output

To output a 100% waveform, set a value of (set value of TPnCCRO register + 1)
to the TPNCCR1 register. If the set value of the TPnCCRO register is FFFFH,
100% output cannot be produced.

Count clock | | | | | | | | | | | | | | | | | | |
16-bit counter  FFFF X 0000 ::XDOO_1X Doo OOOOXOOO1 x :XD°°_1X Doo 0000*
( [
) )T

{
)
TPnCE bit

4 )

TPnCCRO register Doo Doo Doo
{( {
)) )]
5 95

TPnCCR1 register Doo + 1 Doo + 1 Doo + 1

INTTPnCCO signal |

INTTPnCC1 signal

TOPN1 pin output
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Count clock

16-bit counter

TPnCCRH1 register

TOPN1 pin output

INTTPnCC1 signal

(c) Generation timing of compare match interrupt request signal
(INTTPnCC1)

The timing of generation of the INTTPnCC1 signal in the PWM output mode
differs from the timing of other INTTPnCC1 signals; the INTTPnCC1 signal is
generated when the count value of the 16-bit counter matches the value of the
TPnCCR1 register.

Di1-2 X Di—-1 D X D1 +1 X Di+2

D

Usually, the INTTPnCC1 signal is generated in synchronization with the next
counting up after the count value of the 16-bit counter matches the value of the
TPnCCR1 register.

In the PWM output mode, however, it is generated one clock earlier. This is
because the timing is changed to match the change timing of the output signal
of the TOPn1 pin.
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10.5.6 Free-running timer mode (TPnMD2 to TPnMDO = 101)

Internal count clock —=

In the free-running timer mode, 16-bit timer/event counter P starts counting
when the TPnCTLO.TPnCE bit is set to 1. At this time, the TPnCCRm register
can be used as a compare register or a capture register, depending on the
setting of the TPNOPTO0.TPNCCS0 and TPnOPTO0.TPnCCS1 bits.

TIPnO pin
(external event

Edge
detector

TPnCCR1 register — cc?nlitgﬁ;r O TOPn1 pin output
(compare)
%, Output .
. controller ——@©) TOPNO pin output
TPnCCRO register
(capture)
{} TPnCCSO0, TPNCCS1 bits
(capture/compare selection)

ﬁ

Count
clock

16-bit counter

)-

™| selection (

count input/

capture

TPnCE bit

trigger input) Edge
detector

TIPn1 pin ©—{ Edge
(capture detector

trigger input)

TPnCCRO register
(capture)

TPnCCR1 register
(compare)

Figure 10-25 Configuration in free-running timer mode

INTTPNnOV signal

N~
0
— INTTPnCC1 signal
1
I~
0

INTTPnCCO signal
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When the TPnCE bit is set to 1, 16-bit timer/event counter P starts counting,
and the output signals of the TOPnO and TOPnN1 pins are inverted. When the
count value of the 16-bit counter later matches the set value of the TPNCCRm
register, a compare match interrupt request signal (INTTPnCCm) is generated,
and the output signal of the TOPnm pin is inverted.

The 16-bit counter continues counting in synchronization with the count clock.
When it counts up to FFFFH, it generates an overflow interrupt request signal
(INTTPnQV) at the next clock, is cleared to 0000H, and continues counting. At
this time, the overflow flag (TPNOPTO.TPNOVF bit) is also set to 1. Clear the
overflow flag to 0 by executing the CLR instruction by software.

The TPNCCRm register can be rewritten while the counter is operating. If it is
rewritten, the new value is reflected at that time, and compared with the count

value.
FFFFH
Doo Doo
. Do1 Dot
16-bit counter
Dro Do D11 D11 D11/
0000H
TPnCE bit
TPnCCRO register :X Doo Dot

INTTPNCCO signal —l —l —l —l

TOPNO pin output

TPnCCR1 register :X Do X D

INTTPnCC1 signal |

TOPN1 pin output

INTTPNnOV signal —| —| —| —|

TPnOVF bit L

Clearedto Oby Clearedto 0by ClearedtoOby Cleared to 0 by
CLR instruction CLR instruction CLR instruction CLR instruction

Figure 10-26 Basic timing in free-running timer mode (compare function)
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When the TPnCE bit is set to 1, the 16-bit counter starts counting. When the
valid edge input to the TIPnm pin is detected, the count value of the 16-bit
counter is stored in the TPNCCRm register, and a capture interrupt request
signal (INTTPnCCm) is generated.

The 16-bit counter continues counting in synchronization with the count clock.
When it counts up to FFFFH, it generates an overflow interrupt request signal
(INTTPnQV) at the next clock, is cleared to 0000H, and continues counting. At
this time, the overflow flag (TPNOPTO.TPNOVF bit) is also set to 1. Clear the

overflow flag to 0 by executing the CLR instruction by software.

FFFFH

16-bit counter

0000H

TPnCE bit

TIPnO pin input

TPnCCRO register

INTTPnCCO signal

TIPn1 pin input

TPnCCR1 register

INTTPNCC1 signal

INTTPNnOV signal

TPnOVF bit

D1o
Doo /|

D
Dot 1Z

D13
Dos /

Doo

Dos

D1o

Clearedto O by Clearedto 0 by Cleared to 0 by

CLR instruction

CLR instruction CLR instruction

Figure 10-27 Basic timing in free-running timer mode (capture function)
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(1) Register setting in free-running timer mode

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPnCKS2 TPnCKS1 TPRCKS0
TPnCTLO|0/1‘O ‘ 0 ‘ o‘o‘on‘on‘onl

Select count clockN°*®

0: Stop counting
1: Enable counting

Note The setting is invalid when the TPnCTL1.TPnEEE bit = 1

(b) TMPn control register 1 (TPnCTL1)

TPnEST TPnEEE TPnMD2 TPnMD1 TPnMDO
0 ‘ 01 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 1 |

]

TPNCTL1 | 0

1,0, 1:
Free-running mode

0: Operate with count
clock selected by
TPnCKSO0 to TPNCKS2 bits
1: Count on external
event count input signal

(c) TMPn I/O control register 0 (TPnlIOCO0)

TPnOL1 TPnOE1 TPnOLO TPnOEO
TPnIOCOl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 01 ‘ 0/1 ‘ 01 |

0: Disable TOPNO pin output
1: Enable TOPNO pin output

Setting of output level with
operation of TOPnO pin disabled
0: Low level

1: High level

0: Disable TOPn1 pin output
1: Enable TOPn1 pin output

Setting of output level with
operation of TOPn1 pin disabled
0: Low level

1: High level
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TPnIOCH |

TPnlOC2 |

(d) TMPn I/O control register 1 (TPnlOC1)

TPnIS3  TPnIS2 TPnIS1  TPnISO

‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 01 ‘ 01 |

L]
Select valid edge

of TIPnO pin input

Select valid edge
of TIPn1 pin input

(e) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPnEESO TPnETS1 TPnETSO

0

0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 01 ‘ 0 ‘ 0 |

Select valid edge of
external event count input

(f) TMPn option register 0 (TPnOPTO0)

TPnCCS1 TPnCCSO0 TPnOVF

TPROPTO |

0

0 ‘ 01 ‘ 0/1 ‘ 0 ‘ 0 ‘ 0 ‘ 01 |

L Overflow flag

Specifies if TPNCCRO
register functions as
capture or compare register

Specifies if TPNCCR1
register functions as
capture or compare register

(g) TMPn counter read buffer register (TPnCNT)
The value of the 16-bit counter can be read by reading the TPnCNT register.

(h) TMPn capture/compare registers 0 and 1 (TPnCCRO and TPnCCR1)

These registers function as capture registers or compare registers depending
on the setting of the TPNnOPTO0.TPnCCSm bit.

When the registers function as capture registers, they store the count value of
the 16-bit counter when the valid edge input to the TIPnm pin is detected.

When the registers function as compare registers and when Dm is set to the
TPnCCRm register, the INTTPnCCm signal is generated when the counter
reaches (Dm + 1), and the output signal of the TOPnm pin is inverted.
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()

FFFFH

16-bit counter
0000H

TPnCE bit
TPnCCRO register
INTTPnCCO signal
TOPNO pin output
TPnCCRH1 register
INTTPnCC1 signal
TOPN1 pin output
INTTPNnOV signal

TPnOVF bit

Figure 10-28

Operation flow in free-running timer mode

(a) When using capture/compare register as compare register

Doo
/ Dot
Dro Dnl////7

DHZ///7 D11/

-l

-l

<1>

Clearedto O by Clearedto Oby Cleared to 0 by <3>
CLR instruction CLR instruction CLR instruction

i i

<2> <2>

!

<2>

Software processing flow in free-running timer mode (compare function)

(112)
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<1> Count operation start flow

Co

Register initial setting Initial setting of these registers
TPnCTLO is performed before setting the
(TPnCKSO0 to TPNCKS2 bits) TPnCE bit to 1.
TPnCTLA1,
TPnIOCO,
TPnlOC2,
TPnOPTO,
TPnCCRO,
TPnCCR1

The TPnCKSO0 to TPnCKS2 bits
TPnCE bit = 1 can be set at the same time
when counting has been started
(TPNCE bit = 1).

<2> Overflow flag clear flow

Read TPnOPTO register
(check overflow flag).

TPnOVF bit = 1

Execute instruction to clear
TPnOVF bit (CLR TPnOVF).

<3> Count operation stop flow

Counter is initialized and
TPnCE bit=0 counting is stopped by

clearing TPnCE bit to 0.
C sTop )

Figure 10-29 Software processing flow in free-running timer mode (compare function)
(2/2)
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(b) When using capture/compare register as capture register

FFFFH

16-bit counter

0000H

TPnCE bit

TIPNO pin input

TPnCCRO register

INTTPNnCCO signal

TIPn1 pin input

TPnCCRH1 register

INTTPnCC1 signal

INTTPNnOV signal

TPnOVF bit

Dio
Doo /| D1 Di2
Dot Z Z
Doz Do /
0000 Doo Dot Doz DosX 0000
0000 Do D11 D12 0000
Clearedto O by Cleared to 0 by
<1> CLR instruction CLR instruction <8>
<2> <2>

Figure 10-30 Software processing flow in free-running timer mode (capture function)

(1/2)
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<1> Count operation start flow

(o)

Register initial setting Initial setting of these registers
TPnCTLO is performed before setting the
(TPnCKSO0 to TPNCKS2 bits) TPnCE bit to 1.
TPnCTLA1,
TPnlOCH1,
TPnOPTO

The TPnCKSO0 to TPnCKS2 bits can
TPnCE bit = 1 be set at the same time when counting
has been started (TPnCE bit = 1).

<2> Overflow flag clear flow

Read TPnOPTO register
(check overflow flag).

TPnOVF bit = 1

Execute instruction to clear
TPnOVF bit (CLR TPnOVF).

<3> Count operation stop flow

Counter is initialized and
TPnCE bit=0 counting is stopped by

clearing TPnCE bit to 0.
C STOP >

Figure 10-31 Software processing flow in free-running timer mode (capture function)
(2/2)
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(3) Operation timing in free-running timer mode

(a) Interval operation with compare register

When 16-bit timer/event counter P is used as an interval timer with the
TPnCCRm register used as a compare register, software processing is
necessary for setting a comparison value to generate the next interrupt request
signal each time the INTTPnCCm signal has been detected.

FFFFH

D Doz

Doo10 / /

16-bit counter Dn D03Z
Do1 / D12

Dos
0000H D1
TPnCE bit
TPnCCRO register Doo Dot X Doz X Dos X Do X Dos

INTTPnCCO signal _| —| —| —| —|

TOPnN pin output

Interval period Interval period Interval period Interval period Interval period
(Doo + 1) (10000H + (Doz — Do1) (10000H + (10000H +
Dot — Doo) Dos — De2) Dos — Dus)

TPnCCR1 register D1o X D11 X D12 X Dis X D1a

INTTPnCCH signal _| _| _| _|

TOPN1 pin output

Interval period Interval period Interval period Interval period
(Dro+ 1) (10000H + (10000H + (10000H +
D11 - Do) D12-D11) D13 - D12)

When performing an interval operation in the free-running timer mode, two
intervals can be set with one channel.

To perform the interval operation, the value of the corresponding TPNCCRm
register must be re-set in the interrupt servicing that is executed when the
INTTPnCCm signal is detected.

The set value for re-setting the TPNCCRm register can be calculated by the
following expression, where “Dm” is the interval period.

Compare register default value: Dm — 1

Value set to compare register second and subsequent time:
Previous set value + Dm

(If the calculation result is greater than FFFFH, subtract 10000H from the
result and set this value to the register.)

(b) Pulse width measurement with capture register

When pulse width measurement is performed with the TPNnCCRm register
used as a capture register, software processing is necessary for reading the
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capture register each time the INTTPnCCm signal has been detected and for
calculating an interval.

FFFFH
D Doz
Doo10 /] /
16-bit counter D11 DOSZ‘
Do+ / D12
D Dos
0000H
TPnCE bit
TIPNO pin input —| —| —| —|
TPnCCRO register 0000H Doo Dot Doz Dos Do
INTTPnCCO signal —l —l —l —l
Pulse interval Pulse interval Pulse interval Pulse interval Pulse interval
(D) (10000H+  (Doz—Der)  (10000H+  (10000H +
Dot — Doo) Dos — Doz) Dos — Dog)
TIPn1 pin input [ i [ [
TPnCCR1 register 0000H Dro D1 Dr2 X D1s
INTTPNCC1 signal

Pulse interval Pulse interval Pulse interval Pulse intervg
(D10) (10000H + (10000H + (10000H +
D11 — D1o) D12 — D11) D1s — D12)

INTTPnOV signal

TPnOVF bit

Clearedto 0 by Clearedto 0 by Cleared to 0 by
CLR instruction CLR instruction CLR instruction

When executing pulse width measurement in the free-running timer mode, two
pulse widths can be measured with one channel.

To measure a pulse width, the pulse width can be calculated by reading the
value of the TPnCCRm register in synchronization with the INTTPnCCm
signal, and calculating the difference between the read value and the
previously read value.

(c) Processing of overflow when two capture registers are used

Care must be exercised in processing the overflow flag when two capture
registers are used. First, an example of incorrect processing is shown below.
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FFFFH

D11
16-bit counter Df /
Doo Do1

0000H

TPnCE bit

TIPNO pin input -| -|

TPnCCRO register Doo Dot

TIPn1 pin input _| _|

TPnCCR1 register Do D

INTTPnOV signal -| -|

TPnOVF bit

<1> <2> <3> <4>

Figure 10-32 Example of incorrect processing when two capture registers are used

The following problem may occur when two pulse widths are measured in the
free-running timer mode.

<1> Read the TPnCCRAO register (setting of the default value of the TIPnO
pin input).

<2> Read the TPNCCRT1 register (setting of the default value of the TIPn1
pin input).

<3> Read the TPnCCRO register.
Read the overflow flag. If the overflow flag is 1, clear it to 0.

Because the overflow flag is 1, the pulse width can be calculated by
(10000H + Dot - Doo).

<4> Read the TPnCCRT1 register.
Read the overflow flag. Because the flag is cleared in <3>, 0 is read.

Because the overflow flag is 0, the pulse width can be calculated by
(D11 - D1o) (incorrect).

When two capture registers are used, and if the overflow flag is cleared to 0 by
one capture register, the other capture register may not obtain the correct
pulse width.

Use software when using two capture registers. An example of how to use
software is shown below.
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FFFFH

D11
16-bit counter Df /
Do1

Doo

0000H

TPnCE bit

INTTPnOV signal

TPnOVF bit —| —|

TPnOVFO flag"t®

—
—

TIPNO pin input

TPnCCRO register Doo Do+

TPnOVF1 flag°t

TIPn1 pin input

TPnCCRH1 register Dio D11

<1> <2> <3> <4> <5> <6>

Figure 10-33 Example when two capture registers are used (using overflow interrupt)

Note The TPnOVFO and TPnOVF1 flags are set on the internal RAM by software.

<1> Read the TPNnCCRO register (setting of the default value of the TIPnO
pin input).

<2> Read the TPnCCR1 register (setting of the default value of the TIPn1
pin input).

<3> An overflow occurs. Set the TPnOVF0 and TPnOVF1 flags to 1 in the
overflow interrupt servicing, and clear the overflow flag to 0.

<4> Read the TPnCCRO register.
Read the TPnOVFO flag. If the TPnOVFO flag is 1, clear it to O.

Because the TPnOVFO flag is 1, the pulse width can be calculated by
(10000H + Do1 - Doo).

<5> Read the TPnCCR1 register.

Read the TPnOVF1 flag. If the TPnOVF1 flag is 1, clear it to O (the
TPnOVFO flag is cleared in <4>, and the TPNnOVF1 flag remains 1).

Because the TPnOVF1 flag is 1, the pulse width can be calculated by
(10000H + D11 - D10) (correct).

<6> Same as <3>
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FFFFH

16-bit counter
0000H

TPnCE bit
INTTPnOV signal
TPnOVF bit
TPnOVFO flag°t
TIPNO pin input
TPnCCRO register
TPnOVF1 flagh*'*
TIPn1 pin input

TPnCCRH1 register

}

Doo

D1o

<1> <2> <3> <4> <5> <6>

Figure 10-34 Example when two capture registers are used (without using overflow
interrupt)

Note The TPnOVFO and TPnOVF1 flags are set on the internal RAM by software.

<1>

<2>

<3>

<4>

<5>

<6>

Read the TPnCCRO register (setting of the default value of the TIPn0
pin input).

Read the TPnCCR1 register (setting of the default value of the TIPn1
pin input).

An overflow occurs. Nothing is done by software.
Read the TPnCCRO register.

Read the overflow flag. If the overflow flag is 1, set only the TPnOVF1
flag to 1, and clear the overflow flag to 0.

Because the overflow flag is 1, the pulse width can be calculated by
(10000H + Do1 - Doo).

Read the TPnCCRH1 register.

Read the overflow flag. Because the overflow flag is cleared in <4>, 0
is read.

Read the TPnOVF1 flag. If the TPnOVF1 flag is 1, clear it to 0.

Because the TPnOVF1 flag is 1, the pulse width can be calculated by
(10000H + D11 - D1o) (correct).

Same as <3>
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(d) Processing of overflow if capture trigger interval is long

If the pulse width is greater than one cycle of the 16-bit counter, care must be
exercised because an overflow may occur more than once from the first
capture trigger to the next. First, an example of incorrect processing is shown
below.

FFFFH o

16-bit counter

Dm/

0000H

TPnCE bit

TIPnm pin input

TPNCCRm register Dmo Dm1

INTTPnOV signal -| -|

TPnOVF bit

1 cycle of 16-bit counter

Pulse width

<1> <2> <3> <4>

Figure 10-35 Example of incorrect processing when capture trigger interval is long

The following problem may occur when long pulse width is measured in the
free-running timer mode.

<1> Read the TPnCCRm register (setting of the default value of the
TIPnm pin input).

<2> An overflow occurs. Nothing is done by software.
<3> An overflow occurs a second time. Nothing is done by software.
<4> Read the TPnCCRm register.

Read the overflow flag. If the overflow flag is 1, clear it to 0.

Because the overflow flag is 1, the pulse width can be calculated by
(10000H + Dm1 - Dmo) (incorrect).

Actually, the pulse width must be (20000H + Dm1 - Dmo) because an
overflow occurs twice.

If an overflow occurs twice or more when the capture trigger interval is long,
the correct pulse width may not be obtained.

If the capture trigger interval is long, slow the count clock to lengthen one cycle
of the 16-bit counter, or use software. An example of how to use software is
shown next.
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FFFFH

16-bit counter

0000H

TPnCE bit

TIPnm pin input

TPNCCRm register

INTTPNnOV signal

TPnOVF bit

Overflow
countere®

DmO
Dm/
Dmo Dmi
OH X 1H X2H x OH
1 cycle of 16-bit counter
Pulse width
<1> <2> <3> <4>

Figure 10-36 Example when capture trigger interval is long

Note The overflow counter is set arbitrarily by software on the internal RAM.

<1>

<2>

<3>

<4>

Read the TPnCCRm register (setting of the default value of the
TIPnm pin input).

An overflow occurs. Increment the overflow counter and clear the
overflow flag to O in the overflow interrupt servicing.

An overflow occurs a second time. Increment (+1) the overflow
counter and clear the overflow flag to 0 in the overflow interrupt
servicing.

Read the TPnCCRm register.
Read the overflow counter.

When the overflow counter is “N”, the pulse width can be calculated
by (N x 10000H + Dm1 — Dmo).

In this example, the pulse width is (20000H + Dm1 — Dmo) because an
overflow occurs twice.

Clear the overflow counter (OH).
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(e) Clearing overflow flag

The overflow flag can be cleared to 0 by clearing the TPnOVF bit to 0 with the
CLR instruction and by writing 8-bit data (bit O is 0) to the TPnOPTO register.
To accurately detect an overflow, read the TPnOVF bit when it is 1, and then
clear the overflow flag by using a bit manipulation instruction.

(i) Operation to write 0 (without conflict with setting) (iii) Operation to clear to 0 (without conflict with setting)
Overflow Overflow
set signal set signal

0 write signal 0 write signal
Register .
Overflow flag \ 4
(TPROVF bit) access signal Read Write
Overflow flag —\—
(TPnOVF bit)

(i) Operation to write 0 (conflict with setting) (iv) Operation to clear to 0 (conflict with setting)

Overflow Overflow ’_|
set signal set signal
0 write signal 0 write signal
Overflow flag Register -
(TPROVF bit) \ access signal Read Write

Overflow flag  H
(TPNOVF bit)

To clear the overflow flag to 0, read the overflow flag to check if it is set to 1,
and clear it with the CLR instruction. If O is written to the overflow flag without
checking if the flag is 1, the set information of overflow may be erased by
writing O ((ii) in the above chart). Therefore, software may judge that no
overflow has occurred even when an overflow actually has occurred.

If execution of the CLR instruction conflicts with occurrence of an overflow
when the overflow flag is cleared to 0 with the CLR instruction, the overflow
flag remains set even after execution of the clear instruction.
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10.5.7 Pulse width measurement mode (TPnMD2 to TPnMDO = 110)

In the pulse width measurement mode, 16-bit timer/event counter P starts
counting when the TPnCTLO.TPnCE bit is set to 1. Each time the valid edge
input to the TIPnm pin has been detected, the count value of the 16-bit counter
is stored in the TPNCCRm register, and the 16-bit counter is cleared to 0000H.

The interval of the valid edge can be measured by reading the TPNCCRm
register after a capture interrupt request signal (INTTPnCCm) occurs.

Select either the TIPnO or TIPn1 pin as the capture trigger input pin. Specify
“No edge detected” by using the TPnlOC1 register for the unused pins.

When an external clock is used as the count clock, measure the pulse width of
the TIPn1 pin because the external clock is fixed to the TIPnO pin. At this time,
clear the TPnlOC1.TPnIS1 and TPnIOC1.TPnISO0 bits to 00 (capture trigger
input (TIPNnO pin): No edge detected).

Clear
Internal count clock —| Count ]
|| clock ] 16-bit counter INTTPnQV signal
. Edge selection
TIPNO pin (
(external detector INTTPnCCO signal
n signa
~event count TPNCE bit
input/capture
trigger input) Edge +—=INTTPnCC1 signal
detector
TPnCCRO register
(capture)
TIPn1 pin ©—{ Edge
(capture detector
trigger input) TPnCCR1 register
(capture)

Figure 10-37 Configuration in pulse width measurement mode

RO1UHO0027ED0420 Rev. 4.20 RENESAS 320
User Manual



Chapter 10

16-bit Timer/Event Counter P (TMP)

FFFFH

16-bit counter
0000H

TPnCE bit

TIPnm pin input
TPnCCRm register
INTTPNCCm signal
INTTPNnOV signal

TPnOVF bit

Figure 10-38

0000H Do D1 D2 Ds

Cleared to 0 by
CLR instruction

Basic timing in pulse width measurement mode

When the TPnCE bit is set to 1, the 16-bit counter starts counting. When the
valid edge input to the TIPnm pin is later detected, the count value of the 16-bit
counter is stored in the TPNCCRm register, the 16-bit counter is cleared to
0000H, and a capture interrupt request signal (INTTPnCCm) is generated.

The pulse width is calculated as follows.
First pulse width = (Do + 1) x Count clock cycle
Second and subsequent pulse width = (Dn - Dn-1) x Count clock cycle

If the valid edge is not input to the TIPnm pin even when the 16-bit counter
counted up to FFFFH, an overflow interrupt request signal (INTTPnQV) is
generated at the next count clock, and the counter is cleared to 0000H and
continues counting. At this time, the overflow flag (TPNOPTO.TPnOVF bit) is
also set to 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.

First pulse width = (Do + 10001H) x Count clock cycle
Second pulse width and on = (10000H + Dn - Dn- 1) x Count clock cycle
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(1) Register setting in pulse width measurement mode

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPnCKS2 TPnCKS1 TPRCKS0
TPnCTLO|0/1‘O ‘ 0 ‘ o‘o‘on‘on‘onl

Select count clock™°'®

0: Stop counting
1: Enable counting

Note Setting is invalid when the TPnEEE bit = 1.

(b) TMPn control register 1 (TPnCTL1)

TPREST TPnEEE TPnMD2 TPAMD1 TPnMDO
TPnCTL1|0‘O‘O/1‘O‘O‘1‘1‘0'

1,1,0:

0: Operate with count
clock selected by

1: Count external event
count input signal

(c) TMPn I/O control register 1 (TPnlIOC1)

TPnIS3  TPnIS2 TPnIS1  TPnISO
TPnIOC1| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 01 ‘ 01 ‘ 01 |

T T
Select valid edge

of TIPnO pin input

Select valid edge
of TIPn1 pin input

(d) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPnEESO TPnETS1 TPnETSO

TPnIOCZlO‘O‘O‘0‘0/1‘0/1‘0‘0|

Select valid edge of
external event count input

TPnCKSO0 to TPNnCKS2 bits

Pulse width measurement mode
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(e) TMPn option register 0 (TPnOPTO0)

TPnCCS1 TPNCCSO TPROVF
TPnOPTOlO‘O‘O‘O‘O‘O‘0‘0/1'

L

Overflow flag

(f) TMPn counter read buffer register (TPnCNT)
The value of the 16-bit counter can be read by reading the TPnCNT register.

(g) TMPn capture/compare registers 0 and 1 (TPnCCRO and TPnCCR1)
These registers store the count value of the 16-bit counter when the valid edge
input to the TIPnm pin is detected.

Note TMPn I/O control register 0 (TPnIOCO) is not used in the pulse width
measurement mode.
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(2) Operation flow in pulse width measurement mode

FFFFH

16-bit counter

0000H

TPnCE bit

TIPNO pin input

TPnCCRO register 0000H Do D1 DzX 0000H

INTTPNnCCO signal —| —| —|

<1> <2>

<1> Count operation start flow

D)

Register initial setting Initial setting of these registers
TPnCTLO is performed before setting the
(TPNCKSO0 to TPNCKS2 bits), TPnCE bit to 1.
TPnCTLA,
TPnlIOCH,
TPnlOC2,
TPnOPTO
Set TPnCTLO register The TPnCKSO to TPnCKS2 bits can
(TPnCE bit=1) be set at the same time when counting

has been started (TPnCE bit = 1).

<2> Count operation stop flow

The counter is initialized and counting
TPnCE bit=0 is stopped by clearing the TPnCE bit to 0.

=

Figure 10-39 Software processing flow in pulse width measurement mode
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(8) Operation timing in pulse width measurement mode

(a) Clearing overflow flag

The overflow flag can be cleared to 0 by clearing the TPnOVF bit to 0 with the
CLR instruction and by writing 8-bit data (bit 0 is 0) to the TPnOPTO register.
To accurately detect an overflow, read the TPnOVF bit when it is 1, and then
clear the overflow flag by using a bit manipulation instruction.

(i) Operation to write 0 (without conflict with setting) (iii) Operation to clear to 0 (without conflict with setting)

Overflow
set signal

Overflow

set signal L

0 write signal 0 write signal

Overflow flag
(TPNOVF bit)

\ Register )
access signal Read Write

Overflow flag —\—
(TPNOVF bit)

(i) Operation to write 0 (conflict with setting) (iv) Operation to clear to 0 (conflict with setting)
Overflow Overflow
set signal set signal

0 write signal 0 write signal

Overflow flag
(TPnOVF bit)

\ Register )
access signal Read Write

Overflow flag  H
(TPnOVF bit)

To clear the overflow flag to 0, read the overflow flag to check if it is set to 1,
and clear it with the CLR instruction. If 0 is written to the overflow flag without
checking if the flag is 1, the set information of overflow may be erased by
writing O ((ii) in the above chart). Therefore, software may judge that no
overflow has occurred even when an overflow actually has occurred.

If execution of the CLR instruction conflicts with occurrence of an overflow
when the overflow flag is cleared to 0 with the CLR instruction, the overflow
flag remains set even after execution of the clear instruction.
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10.5.8

Table 10-11

Timer output operations

The following table shows the operations and output levels of the TOPnO and

TOPN1 pins.

Timer output control in each mode

Operation Mode

TOPn1 Pin

TOPNO Pin

Interval timer mode

Square wave output

External event count mode

Square wave output

External trigger pulse output mode

External trigger pulse output

Square wave output

One-shot pulse output m

ode One-shot pulse output

PWM output mode

PWM output

Free-running timer mode

Square wave output (only when compare function is used)

Pulse width measurement mode

Table 10-12 Truth table of TOPn0 and TOPn1 pins under control of timer output

control bits

TPnlOCO0.TPnOLm Bit

TPnlOCO0.TPnOEm Bit

TPnCTLO.TPnCE Bit

Level of TOPnm Pin

0

0

X

Low-level output

1

0

Low-level output

1

Low level immediately before counting,
high level after counting is started

High-level output

High-level output

High level immediately before counting,
low level after counting is started
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10.6 Operating Precautions

10.6.1 Capture operation in pulse width measurement and free-
running mode

When the capture operation is used in pulse width measurement or free-run-
ning mode the first captured counter value of the capture registers TPnCCRO0/
TPnCCR, i.e. after the timer is enabled (TPnCTLO.TPnCE = 1), may be FFFFy

instead of 0000y if the chosen count clock of the TMP is not the maximum, i.e.
if TPNCTLO.TPnCKSJ[2:0] # 0.

10.6.2 Count jitter for PCLK4 to PCLK7 count clocks

When specifying PCLK4 to PCLK7 as the count clock, a jitter of maximum
+ 1 period of PCLKO may be applied to the counter’s count clock input.
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Timer Z (TMZ) is a general purpose 16-bit timer/counter.

The V850E/Dx3 - DG3 microcontrollers have following instances of the general
purpose Timer Z:

TMZ All devices
Instances 6
Names TMZO0 to TMZ5

Throughout this chapter, the individual instances of Timer Z are identified by
“n”, for example TMZn, or TZnCTL for the TMZn control register.

11.1 Overview

Each Timer Z has one down-counter. When the counter reaches zero, the
timer generates the maskable interrupt INTTZnUV.

Features summary The TMZ can be used as:
¢ Interval timer

* Free running timer

Special features of the TMZ are:

* One of six peripheral clocks can be selected

¢ One reload register

¢ Two readable counter registers

¢ When the device is in debug mode, the timer can be stopped at breakpoint

e TMZ5 can be used for triggering the A/D Converter.
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11.1.1 Description
The TMZ has no external connections. It is built up as illustrated in the
following figure.
8 Internal bus 8
TZnCTL @
[TzcKs2[TzCKS1[TZCKS0 | [ T20R |
I S U
TZnCNT1 TZnCNTO Reload buffer
PCLK2 (4 MHz) —=] CNTCLK , M
( 2) 16-bit down counter INTTZnUV

PCLK4 (1 MHz) —»,
PCLK5 (0.5 MHz) —»
PCLK7 (125 KHz) —=|

PCLK9 (31.250 KHz) —»

Selector

TZnCNT

TZnCTL.TZCE —~

Figure 11-1

11.1.2

Block diagram of Timer Z (TMZn)

The control register TZnCTL allows you to choose the count clock CNTCLK
and to enable the timer. The latter is done by setting TZnCTL.TZCE to 1.

As soon as the timer is enabled, it is possible to write a start value to the reload
register TZnR.

Principle of operation

When it is enabled, the counter starts as soon as a non-zero value is written to
the reload register TZnR and copied to the reload buffer.

When the counter reaches zero, it generates an INTTZnUV interrupt, reloads
its start value from the reload buffer, and continues counting.

Two read-only registers (TZNnCNTO and TZnCNT1) provide the updated
counter value. For details about these registers please refer to “TZnCNTO -
TMZn synchronized counter register” on page 332 and “TZnCNT1 - TMZn
non-synchronized counter register” on page 333.
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11.2 TMZ Registers

Each Timer Z is controlled and operated by means of the following four
registers:

Table 11-1 Timer Z registers overview

Register name Shortcut Address
Timer Z synchronized read register TZnCNTO <base>
Timer Z non-synchronized read register TZnCNT1 <base> + 2y
Timer Z reload register TZnR <base> + 4y
Timer Z control register TZnCTL <base> + 6

Table 11-2 Base addresses of Timer Z

Timer Base address
T™ZO FFFF F600,,
T™ZI FFFF F608,;
T™MZ2 FFFF F610,,
T™MZ3 FFFF F618y
T™MZ4 FFFF F620,,
TMZ5 FFFF F628y
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(1) TZnCTL - TMZn timer control register
The 8-bit TZnCTL register controls the operation of the Timer Z.

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

Address <base> + 6

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

7 6 5 4 3 2 1 0
| TZCE \ 0 \ 0 \ 0 \ 0 | TZCKS2 | TZCKSf TZCKSO
R/W R R R R R/W R/W R/W

Table 11-3 TZnCTL register contents

Bit position Bit name Function

7 TZCE Timer Z counter enable:

0: Disable count operation (the timer stops immediately with the count value
00004 and does not operate).

1: Enable count operation (the timer starts when a non-zero start value is written
to the register TZnR after TZnCTL.TZCE=1).

2100 TZCKS[2:0] | Selects the counter clock CNTCLK:
TZCKS2 | TZCKS1 TZCKSO0 | Counter clock selection

0 0 0 PCLK2 (4 MHz)

0 1 0 PCLK4 (1 MHz)

0 1 1 PCLKS5 (0.5 MHz)

1 0 0 PCLK7 (0.125 MHz)

1 0 1 PCLK9 (31.250 KHz)
Others than above Setting prohibited

Note Change bits TZnCTL.TZCKS[2:0] only when TZnCTL.TZCE = 0.

When TZnCTL.TZCE = 0, it is possible to select the clock and enable the
counter with one write operation.
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(2) TZnCNTO - TMZn synchronized counter register
The TZnCNTO register is the synchronized register that can be used to read
the present value of the 16-bit counter.
“Synchronized” means that the read access via the internal bus is
synchronized with the maximum counter clock (PCLK2). The synchronization
process may cause a delay, but the resulting value is reliable.
Access This register is read-only, in 16-bit units.
Address <base> of TMZn
Initial Value 0000y. This register is cleared by any reset and when TZnCTL.TZCE = 0.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Updated counter value (synchronized)
R
Caution Reading TZnCNTO immediately after start of the counter by setting TZnR > 0
may return 0000y instead of the correct counter value. Refer to (4) “TZnR -
Reload register” for details.
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(3) TZnCNT1 - TMZn non-synchronized counter register

The TZnCNT1 register is the non-synchronized register that can be used to
read the present value of the corresponding 16-bit counter.

“Non-synchronized” means that the read access via the internal bus is not
synchronized with the counter clock. It returns the instantaneous value
immediately, with the risk that this value is just being updated by the counter
and therefore in doubt.

Access This register is read-only, in 16-bit units.

Address <base> + 2

Initial Value 0000y. This register is cleared by any reset and when TZnCTL.TZCE = 0.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Instantaneous counter value (non-synchronized)
R

Note The value read from this register can be incorrect, because the read access is
not synchronized with the counter clock.

Therefore, this register shall be read multiple times within one period of the
counter clock cycle.

If the difference between the first and the second value is not greater than one,
you can consider the second value to be correct. If the difference between the
two values is greater than one, you have to read the register a third time and
compare the third value with the second. Again, the difference must not be
greater than one.

If the read accesses do not happen within one period of the counter clock
cycle, the difference between the last two values will usually be greater than
one. In this case, you can only repeat the procedure or estimate the updated
counter value.

Caution Reading TZnCNT1 immediately after start of the counter by setting TZnR > 0
may return 0000y instead of the correct counter value. Refer to (4) “TZnR -

Reload register” for details.
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4)

Access
Address

Initial Value

Note

Table 11-4

TZnR - Reload register

The TZnR register is a dedicated register for setting the reload value of the
corresponding counter.

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

<base> + 4y

0000y. This register is cleared by any reset and when TZnCTL.TZCE = 0.

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Down-counter load value
R/W

TZnR can only be written when TZnCTL.TZCE = 1.

The load value must be non-zero (0001 ... FFFFy).

To operate the timer in free running mode, set TZnR to FFFF.

A

The first interval after starting the counter can require additional clock
cycles. For details refer to “Timer start and stop” on page 336.

5. Transfer of the TZnR content after writing to TZnR requires additional clock
cycles, until the value is set to the counter register TZnCNT. Thus during
that transfer time T+,5,5 reading of TZNCNTO respectively TZnCNT1

returns 0000y instead of the correct value.
The transfer time T4, depends on the chosen count clock and are given
in Table 11-4.

Transfer times Ty,ans Of TZNR to TZNCNT

. TznR to TZnCNT transfer time Trans
TZnCTL.TZCKS TCNTCLK perlOd — =

minimum maximum
000g TpcLke TrcLke TpcLke2
010g 4 x TpcLko 5 x TpcLke 9 x TpcLko
011p 8 X TpcLka 9 x TpcLk2 17 X Tperkeo
100g 32 x TpcLk2 33 x TpcLk2 65 x TpoLk2
101 B 128 x TPCLK2 128 x TPCLKZ 257 x TPCLK2
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11.3 Timing

The contents of the reload register TZnR can be changed at any time, provided
the timer is enabled. The contents is then copied to the reload buffer. However,
the counter reloads its start value from the buffer when the counter reaches 0.

Caution When specifying PCLK4, PLCK5, PCLK7 or PCLK9 as the count clock, a jitter
of maximum =+ 1 period of PCLK2 may be applied to the TZnCNT counter’s
count clock input.

11.3.1 Steady operation

Steady operation is illustrated in the following figure.

DO DO DO
16-bit down D1 D1
counter value
0000+ < < < (
Reload buffer Do A D1 C( DO
TZnR DO | X [ D1 X DO

PR VO P

Figure 11-2 Reload timing and interrupt generation

DO and D1 are two different reload values.

Note that there is a delay between writing to TZnR and making the data
available in the reload buffer, depending on the previous reload value and the
chosen count clock.
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11.3.2

1)

TACmin’ TACmax

Timer start and stop

Timer Z start
The Timer TZn is enabled by setting TZnCTL.TZCE to 1.

The subsequent write access to register TZnR with non-zero data starts the
timer. After that, it is prepared to load the value written to register TZnR into the
reload buffer and the counter.

The interval time, i.e. the time between the INTTZnUV interrupts, depends on
the chosen count clock TenToLk (Selected by TZnCTL.TZCKS) and calculates

to

Tinterval = ([TZNR] + 1) x TonToLK

However the time of the first interval after starting the counter by setting
TZnR > 0 may be longer than the steady intervals afterwards.

The length of the first interval also depends on whether the counter has
already been enabled a certain time before it’s started.

In the following the interval times for both cases are given as a multiple of
TpcLko, the period of the PCLK2 input clock.

Since the access time to the TZnR register adds also to the uncertainty of the
first interval duration, the below tables contain two values, which are calculated
as follows:

M TACmin = (SUWL + VSWL + 3) X 1/fVBCLK
b TACmax = [2 X (SUWL + VSWL) + 45] X 1/fVBCLK

The values SUWL and VSWL depend on the chosen CPU system clock
VBCLK and are set up in the VSWC register (refer to “Bus and Memory
Control (BCU, MEMC)*” on page 255).

Note that the above access times assume that the NPB bus is not occupied
and the write access to TZnR is immediately passed to the Timer Z.
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Timer enabled

Table 11-5 shows the interval times under following conditions:
e timeris enabled by TZnCTL.TZCE = 1
* timer is started by setting TZnR > 0 after at least 2 PCLK2 clock periods

after timer enable

Table 11-5 TMZ interval times (timer enabled since minimum 2 PCLK2 clocks)
TZnCTL | Tentek 1stinterval Following intervals
.TZCKS period minimum maximum
000g TrcLk2 Tacmin + Tacmax + ([TZnR]+1) X Tpgikeo
([TZnR]+2) x TpcLk2 ([TZnR]+3) x Tpcrka
010g 4xTpcike | Tacmin + Tacmax + 4 x ([TZnR]+1) x Tpci k2
(4[TZn R]+6) X TPCLK2 (4[TZn R]+1 1) X TPCLKZ
011g 8x Tpcike | Tacmin + Tacmax + 8 x ([TZnR]+1) X Tpg k2
(8[TZn R]+1 0) X TPCLK2 (8[TZn R]+1 9) X TPCLK2
100g | 32xTpcikz | Tacmin + Tacmax + 32 x ([TZnR]+1) x Tpg ke
(32[TZnR]+34) x TPCLK2 (32[TZnR]+67) x TPCLK2
101 | 128 X Tpciko | Tacmin + Tacmax + 128 x ([TZnR]+1) X TpoLk2
(128[TZnR1+130) x TpoLie | (128[TZnRI+259) X Tpoika

Timer disabled

Table 11-6 shows the interval times under following conditions:
* timer disabled: TZnCTL.TZCE =0
* timer is enabled by TZnCTL.TZCE = 1

* timer is started by setting TZnR > 0 immediately after enable, i.e. within 2
PCLK2 clock periods after timer enable

Table 11-6 TMZ interval times (timer started within 2 PCLK2 clocks after enable)
TZnCTL | Tentek 1stinterval Following intervals
.TZCKS period minimum maximum
000g Tecik2 | Tacmin + Tacmax + ([TZnR]+1) X Tpg k2
([TZnR]+45) X TPCLK2 ([TZnR]+65) X TPCLKZ
010g 4xTpcrkz | Tacmin + Tacmax + 4 x ([TZnR]+1) X Tpgi k2
(4[TZnR]+75) X TPCLK2 (4[TZnR]+1 35) X TPCLK2
011g 8x Tpcika |Tacmin + Tacmax + 8 x ([TZnR]+1) X TpgL k2
(8[TZnR]+1 1 5) X TPCLK2 (8[TZnR]+21 5) X TPCLK2
100g | 32X Tpcike |Tacmin + Tacmax + 32 x ([TZnR]+1) X Tpg k2
(32[TZnR]+35.5) x TPCLK2 (32[TZnR]+69.5) x TPCLK2
1015 | 128 X Tpcik2 | Tacmin + Tacmax + 128 x ([TZnR]+1) x TpgLk2

(128[TZnR}+131.5) X TpoL ko

(128[TZnR}+261.5) X TpoLka

()

Timer Z stop

The timer stops when TZnCTL.TZCE is cleared. This write access is not
synchronized. The timer is immediately stopped, and its registers are reset.
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Chapter 12 16-bit Multi-Purpose Timer G (TMG)

The V850E/Dx3 - DG3 microcontrollers have following instances of the 16-bit
multi-purpose Timer G:

TMG All devices
Instances 2
Names TMGO to TMG1

Throughout this chapter, the individual instances of Timer G are identified by
“n”, for example TMGn, or TMGMn for the TMGn mode register.

Note Throughout this chapter, the following indexes are used:

e n: for each of the Timer G
instances
e m=1to4: for the free assignable

Input/Output-channels

e x=0,1: for bit-index, i.e. one of the
2 counters of each Timer Gn

e y=0to5: for all of the 6 capture/
compare-channels

12.1 Features of Timer G

Features summary The timers Gn operate as:
¢ Pulse interval and frequency measurement counter
¢ Interval timer
e Programmable pulse output
* PWM output timer

One capture input of Timer GO is connected to the time stamp output of the
CANO module and can therefore be used for CAN time stamp functions.
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12.2

Note

Function Overview of Each Timer Gn

¢ 16-bit timer/counter (TMGnO, TMGn1): 2 channels
¢ Bit length
— Timer Gn registers (TMGnO, TMGn1): 16 bits
e Capture/compare register (GCCny): 6
— 16-bit
— 2 registers are assigned fix to the corresponding one of the 2 counters
— 4 free assignable registers to one of the 2 counters

¢ Count clock division selectable by prescaler (frequency of peripheral clock:
fspcLko = 16 MHz)

— In 8 steps from fgpc ko/2 t0 fspoLko/256
* |Interrupt request sources

— Edge detection circuit with noise elimination.

— Compare-match interrupt requests: 6 types
Perform comparison of capture/compare register with one of the 2
counters (TMGnO, TMGn1) and generate the INTCCGny (y = 0 to 5)
interrupt upon compare match.

— Timer counter overflow interrupt requests: 2 types
In free run mode the INTTMGnNO (INTTMGn1) interrupt is generated when
the count value of TMGnO (TMGn1) toggles from FFFFH to 0000H.

— In match and clear mode the INTTMGnNO (INTTMGn1) interrupt is
generated when the count value of TMGnO (TMGn1) matches the GCCO
(GCC1) value.

¢ PWM output function

— Control of the outputs of TOGn1 through TOGn4 pin in the compare
mode. PWM output can be performed using the compare match timing of
the GCCn1 to GCCn4 register and the corresponding timebase (TMGnO,
TMGn1).

¢ Qutput delay operation

— A clock-synchronized output delay can be added to the output signal of
pins TOGn1 to TOGn4.

— This is effective as an EMI counter measure.
¢ Edge detection and noise elimination filter
— External signals shorter than 1 count clock (fcounTn, Not fspoLko) are
eliminated as noise.

The TIGn1 to TIGn4 and TOGn1 to TOGn4 are each alternative function pins.

The following figure shows the block diagram of Timer Gn.
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fSCF‘LK0/1
fSCPLKO/2
fscpLko/4 ; INTTGnOVO
fspoiko fscrico/8 COUNTO _hi
(16 WT2) foom/16 > TMGNO (16-bit) Cloar
fscpLro/32 (Note 1)
fSCPLK(}/64
fsopiio/128 l INTTGnCCO
TIGNO Noise Elimination GCCnO (16-bit)
(Note 2)C Edge Detection capture/compare
INTTGnCCAH
Noise Elimination GCCn1 (16-bit) TO TOGn1
TIGN1©— Edge Detection capture/compare q Control ©
INTTGnCC2
TIGn2 Noise Elimination GCCn2 (16-bit) TO TOGn2
n2@ Edge Detection capture/compare > Control
. INTTGNnCC3|
- Noise Elimination GCCn3 (16-bit) TO TOGn3
TIGn3 Edge Detection capture/compare [ Control ©
INTTGNCC4| ¢~
o Noise Elimination GCCn4 (16-bit) TO TOGn4
TiGn4 Edge Detection capture/compare - Control
INTTGNnCC5
TIGn5 ® Noise Elimination GCCnb5 (16-bit)
(Note 3) Edge Detection capture/compare
fSCF’LKO/‘I (
fSCPLK0/2
fscpLio/4 . (Note 1) INTTGNOV1
f fsopLko/8 COUNT! . Clear
(ﬂsﬁ\%ﬁoz) fscpiko/ 16 > TMGn1 (16-blt)
fSCPLKO/SZ
fSCPLKO/64
fsoriko/128
Figure 12-1 Block Diagram of Timer Gn
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Note 1. TMGnO/TMGn1 are cleared by GCCnO/GCCn5 register compare match.
2. TIGNnO is not connected

3. TIGnb5 differs:
—n = 0: CANO time stamp TSOUTCANO -> TIG05
—n=1:TIG15 is not connected

12.3 Basic Configuration

The basic configuration is shown below.

Table 12-1 Timer Gn configuration list

. Generated Capture | Timer output
S e = interrupt signal trigger PWM
TMGnO | R INTTMGnO - -
fSPCLKO T™MGn1 | R INTTMGn?1 - -
fspciko/2, [ Geeno | RW | INTCCGNO TIGnO -
fspcLko /4,
fspcLko /8, GCCn1 R/W INTCCGn1 TIGn1 TOGN1
fspciko /16, | Gcen2 | RwW INTCCGn2 TIGN2 TOGn2
fspcLko /32,
fapoLKo /64, | GCCn3 | RW | INTCCGn3 TIGn3 TOGn3
fspcLko/128| GCCn4 | RW INTCCGn4 TIGn4 TOGn4
GCCn5 | R/W INTCCGn5 TIGn5 -
Note fgpciko: Internal peripheral clock
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12.4 TMG Registers

The Timers Gn are controlled and operated by means of the following
registers:

Table 12-2 TMGn registers overview

Register name Shortcut Address
Timer Gn mode register TMGMn <base>
Timer Gn channel mode register TMGCMn <base> + 24
Timer Gn output control register OCTLGn <base> + 4y
Timer Gn time base status register TMGSTn <base> + 6y
Timer Gn count register 0 TMGO00 <base> + 8y
Timer Gn count register 1 TMGO1 <base> + Ay
Timer Gn capture/compare register 0 GCCo00 <base> + Cy
Timer Gn capture/compare register 1 GCCo1 <base> + Ey
Timer Gn capture/compare register 2 GCCo02 <base> + 10y
Timer Gn capture/compare register 3 GCCo3 <base> + 12
Timer Gn capture/compare register 4 GCCo04 <base> + 14y
Timer Gn capture/compare register 5 GCCO05 <base> + 16y

Table 12-3 TMGn register base address

Timer Base address
TMGO FFFF F6AO0H
TMG1 FFFF F6COy4
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(1) TMGMn - Timer Gn mode register

Access This register can be read/written in 16-bit, 8-bit or 1-bit units.
The low byte TMGMn.bit[7:0] is accessible separately under the name
TMGMnL, the high byte TMGMn.bit[15:8] under the name TMGMnH.

Address TMGMn, TMGMnL:<base>
TMGMnH:<base> + 1y

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

15 14 13 12 11 10 9 8
POWERn | OLDEn CSEn12 | CSEnt1 CSEn10 | CSE002 | CSEn01 CSEn0o
R/W R/W R/W R/W R/W R/W R/W R/W

7 6 5 4 3 2 1 0
CCSGn5 | CCSGno \ 0 \ 0 \ CLRGn1 | TMGniE | CLRGn0 | TMGnOE
R/W R/W R/W R/W R/W R/W R/W R/W

Table 12-4 TMGMn register contents (1/2)

Bit

ies Bit name Function
position

Timer Gn Operation control.
0: operation Stop
the capture registers and TMGSTn register are cleared
the TOGnm pins are inactive all the time
1: operation enable

Note: At least 7 peripheral clocks (fspc| ko) are needed to start the timer function

15 POWERN

Set Output Delay Operation.
0: Don’t perform output delay operation
1: Set output delay to n count-clocks

14 OLDEnN Caution: When the POWERRN bit is set, the rewriting of this bit is prohibited!
Simultaneously writing with the POWERN bit is allowed.

Note: The delay operation is used for EMI counter measures.

Selects internal count clock of TMG

CSEnx2 | CSEnx1 | CSEnx0 Count clock
0 0 0 fspcLko
0 0 1 fspcLko/2
0 1 0 |fspcLko/4
0 1 1 fspcLko/8
13t08 | CSEnx[2:0] ! 0 0 |fspcLko/16
! 0 1 fspcLko/32
! 1 0 | fspcLko/64
! 1 1 fspcLko/128

Caution: When the POWERRN bit is set, the rewriting of this bits are prohibited!
Simultaneously writing with the POWERN bit is allowed.
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Table 12-4 TMGMn register contents (2/2)

Bit

. Bit name Function
position

Specifies the mode of the TMGn0 (TMGn1)(CCSGn5 for TMGn1, CCSGnO for
TMGnO):

0: Free-run mode for TMGn1 (TMGnQ), GCCn5 (GCCn0) in capture mode (an
detected edge at pin TIGn5 (TIGnO) stores the value of TMGn1 (TMGnO) in
GCCn5 (GCCnO0) and an interrupt INTCCGn5 (INTCCGnO) is output)

1: Match and Clear mode of the TMGn1 (TMGn0), GCCn5 (GCCn0) in compare

CCSGn5 mode (when the data of GCCn5 (GCCn0) match the count value of the TMGn1

CCSGno (TMGnNO0), the counter is cleared and the interrupt INTCCGn5 (INTCCGnO)
occurs)

7,6

Caution: When the POWERRN bit is set, the rewriting of this bits are prohibited!
Simultaneously writing with the POWERN bit is allowed.

Specifies software clear for TMGnx
0: Continue TMGnx operation
3,1 CLRGnx 1: Clears (0) the count value of TMGnx, the corresponding TOGnx is deactivated.

Note: TMGnx starts 1 peripheral-clock after this bit is set this bit is not readable
(always read 0)

Specifies TMGnx count operation enable/disable
0: Stop count operation the counter holds the immediate preceding value the
corresponding TOGnx is deactivated
2,0 TMGnxE 1: Enable count operation

Note: 1. the counter needs at least 1 peripheral-clock (fgpc ko) to stop

2. the counter needs at least 4 peripheral-clocks (fspc| ko) to start
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(2) TMGCMn - Timer Gn channel mode register

This register specifies the assigned counter (TMGnO or TMGn1) for the
GCCnm register.
Furthermore it specifies the edge detection for the TIGny input pins.

Access This register can be read/written in 16-bit, 8-bit or 1-bit units.
The low byte TMGCMn.bit[7:0] is accessible separately under the name
TMGCMnL, the high byte TMGCMn.bit[15:8] under the name TMGCMnH.
Address TMGCMn, TMGCMnL:<base> + 2
TMGCMnH:<base> + 3

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

15 14 13 12 11 10 9 8
TBGn4 TBGn3 TBGn2 TBGn1 [EGn51 IEGn50 I[EGn41 I[EGn40
R/W R/W R/W R/W R/W R/W R/W R/W

7 6 5 4 3 2 1 0
I[EGn31 I[EGn30 [EGn21 I[EGn20 [EGn11 IEGn10 IEGn01 I[EGn00
R/W R/W R/W R/W R/W R/W R/W R/W

Table 12-5 TMGCMn register contents

Bit position | Bit nhame Function

Assigns Capture/Compare registers GCCn1 to GCCn4 to one of the 2 counters
TMGnNO or TMGn1:
0: Set TMGnO as the corresponding counter to GCCnm register and TIGnm/
TOGNnm pin
1: Set TMGn1 as the corresponding counter to GCCnm register and TIGnm/
TOGNnm pin

Specifies the valid edge of external capture signal input pin (TIGnm) for the capture
register performing capture-match with the assigned counter TMGnO or TMGn1:

15to 12 TBGnm

IEGny1 IEGny0 | Valid edge
Falling edge

IEGny1,

11to 0 IEGny0

Rising edge

No edge detection performed

- | a2l O| O

- O = O

Both rising and falling edges
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(83) OCTLGn - Timer Gn output control register

This register controls the timer output from the TOGnm pin and the capture or
compare modus for the GCCnm register.

Access This register can be read/written in 16-bit, 8-bit or 1-bit units.
The low byte OCTLGnN.bit[7:0] is accessible separately under the name
OCTLGNL, the high byte OCTLGn.bit[15:8] under the name OCTLGnH.

Address OCTLGn, OCTLGnL:<base> + 4y
OCTLGnNH:<base> + 54

Initial Value 4444,. This register is cleared by any reset.

15 14 13 12 11 10 9 8
SWFGn4 \ ALVGnd | CCSGnd 0 SWFGn3 | ALVGn3 | CCSGn3 | 0
R/W R/W R/W R/W R/W R/W R/W R/W

7 6 5 4 3 2 1 0
SWFGn2 | ALVGn2 | CCSGn2 0 SWFGn1 | ALVGn1 | CCSGn1 0
R/W R/W R/wW R/W R/W R/W R/W R/W

Caution 1. When the POWERN bit is set, the rewriting of CCSGnm is prohibited

2. When the POWERRN bit and TMGnOE bit (TMGn1E bit) are set at the same
time, the rewriting of the ALVGnm bits is prohibited.

Table 12-6 OCTLGN register contents

Bit position | Bit name Function

Fixes the TOGnm pin output level according to the setting of ALVGnm bit.
15,11,7,3 | SWFGnm 0: disable TOGnm to inactive level
1: enable TOGnm

Specifies the active level of the TGOnm pin output.
0: Active level is O
1: Active level is 1

14,10, 6, 2 ALVGnm | Caution: Don’t write this bit, before ENFGNnO or ENFGn1 of TMGSTn is 0, so first
clear TMGnOE or TMGn1E bit of the TMGMn register and check
ENFGNO or ENFGN1 bit before writing.

Specifies Capture/Compare mode selection:
0: Capture mode:
if external edge is detected the INTCCGnm interrupt occurs, the
corresponding counter value is written to GCCnm
1: Compare mode:
13,9, 5, 1 CCSGnm if GCCnm matches with corresponding timebase the INTCCGnm interrupt
occurs, if SWFGm is set the PWM output mode is set

Caution: Don’t write this bit, before POWERN bit of TMGMnH is 0.

RO1UHO0027ED0420 Rev. 4.20 RENESAS 346
User Manual



Chapter 12 16-bit Multi-Purpose Timer G (TMG)

(4) TMGSTn - Time base status register

The TMGSTn register indicates the status of TMGnO and TMGn1. For the
CCFGny bit see “Operation in Free-Run Mode* on page 353.

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

Address <base> + 6y

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

7 6 5 4 3 2 1 0
ENFGn1 | ENFGNnO | CCFGn5 | CCFGn4 | CCFGn3 | CCFGn2 | CCFGn1 | CCFGnO
R R R R R R R R

Table 12-7 TMGSTn register contents

Bit position Bit name Function

Indicates TMGnO or TMGn1 overflow status.
0: No overflow
1: Overflow

5100 CCFGny Caution: The CCFGny bit is set if a TMGnx overflow has occurred between

two capture input signals. This flag is only updated if the
corresponding GCCny register was read, so first read the GCCny
register and then read this flag if necessary

Indicates TMGnx operation.
7106 ENFGnx 0: indicates operation stopped
1: indicates operation

(5) TMGnNO, TMGn1 - Timer Gn 16-bit counter registers

The features of the counters TMGnO and TMGn1 are listed below:

¢ Free-running counter that enables counter clearing by compare match of
registers GCCn0/GCCn5

* Counter clear can be set by software.
¢ Counter stop can be set by software.

Access These registers can be read in 16-bit units.

Address TMGnO:<base> + 8y
TMGn1:<base> + Ay

Initial Value 0000y. This register is cleared by any reset.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMGNO/TMGn1 value
R
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(6)

Capture mode

Compare mode

Caution

Access

Address

Initial Value

GCCn0, GCCn5 - Timer Gn capture/compare registers of the 2 counters

The GCCn0, GCCnb registers are 16-bit capture/compare registers of Timer
Gn. These registers are fixed assigned to the counter registers:

e GCCnO is fixed assigned to timebase TMGnO
e GCCn5 is fixed assigned to timebase TMGn1

In the capture register mode, GCCnO (GCCn5) captures the TMGnO (TMGn1)
count value if an edge is detected at pin TIGnO (TIGn5).

In the compare register mode, GCCn0 (GCCn5) detects match with TMGnO
(TMGn1) and clears the assigned Timebase. So this “match and clear mode”
is used to reduce the number of valid bits of the counter TMGnO (TMGn1).

If in Compare Mode write to this registers before POWERN and ENFGnx bit
are "1" at the same time.

In capture mode, these registers can be read in 16-bit units.
In compare mode, these registers can be read/written in 16-bit units.

GCCnO0:<base> + Cy
GCCn5:<base> + 16

0000y. These registers are cleared by any reset.

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

GGCN0/GGCnb5 value

R/W
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(7) GCCn1to GCCn4 - Timer G capture/compare registers with external
PWW-output function

The GCCn1 to GCCn4 registers are 16-bit capture/compare registers of Timer
Gn. They can be assigned to one of the two counters either TMGnO or TMGn1.

Capture mode Inthe capture register mode, these registers capture the value of TMGnO when
the TBGnm bit (m = 1 to 4) of the TMGCMnH register = 0. When the TBGnm
bit = 1, these registers hold the value of TMGn1.

Compare mode In compare mode, these registers represent the actual compare value and the
TOGNnm-Output (m = 1 to 4) can generate a PWW if they are activated.

Access In capture mode, these registers can be read in 16-bit units.
In compare mode, these registers can be read/written in 16-bit units.
Address GCCn1:<base> + Ey
GCCn2:<base> + 104
GCCn3:<base> + 12
GCCn4:<base> + 14y

Initial Value 0000y. These registers are cleared by any reset.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

GGCn1 to GGCn4 value
R/W
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12.5 Output Delay Operation

When the OLDER bit is set, different delays of count clock period are added to
the TOGnm pins:

Output pin LEIEY
1ffcount
TOGn1 0
TOGnNn2 1
TOGn3 2
TOGn4 3

The figure below shows the timing for the case where the count clock is set to
fspcLko/2. However, OFFFH is set in GCCnO.

Similar delays are added also when a transition is made from the active to
inactive level. So, a relative pulse width is guaranteed.

fCOUNT | | , | I | ,

TMGCn0__X_FFFEH_Y_FFFFH_X_ 0000H X 0001H X 0002H X" 0003H X_0004H X

TOGnN1

TOGNn2

TOGNn3

TOGn4

Figure 12-2 Timing of Output delay operation

In this case the count clock is set to fgpcy ko/2-
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12.6 Explanation of Basic Operation

(1) Overview of the mode settings

The Timer Gn includes 2 channels of 16-bit counters (TMGnO/TMGn1), which
can operate as independently timebases. TMGnO (TMGn1) can be set by
CCSGNO bit (CCSGN5 bit) in the following modes:

¢ free-run mode

* match and clear mode
When a timer output (TOGnm) or INTCCGnm interrupt is used, one of the two

counters can be selected by setting the TBGnm bit (m = 1 to 4) of the
TMGCMHNn register.

The tables below indicate the interrupt output and timer output states
dependent on the register setting values.

Table 12-8 Interrupt output and timer output states dependent on the register
setting values

Register setting value State of each output pin
CCSGnO | TBGnm | SWFGnm | CCSGnm | INTTMGnO INTCCGnO INTCCGnm TOGnm
0 TIm edge
0 detection
0 1 GCCnm match Tied to inactive
Free-run Overflow TIO edge level
0 interrupt detection Tim edge
mode 1 detection
1 CMPGmM match PWM
0 (free run)
0 TIm edge
0 detection
! 1 GCCnm match Tied to inactive
Match and Overflow GCCn0 level
clear 0 interruptNote 1 | matchNote 2 TIm nge
mode 1 detection
PWM
1 CMPGm match (match and clear)

Note 1. Aninterruptis generated only when the value of the GCCnO register is
FFFFH.

2. Aninterrupt is generated only when the value of the GCCnO register is not
FFFFH.

3. The setting of the CCSGnm bit in combination with the SWFGnm bit sets
the mode for the timing of the actualization of new compare values.
¢ In compare mode the new compare value will be immediately active.

* In PWM mode the new compare value will be active first after the next
overflow or match & clear of the assigned counter (TMGnO, TMGn1).
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Table 12-9 Interrupt output and timer output states dependent on the register

setting values

Register setting value State of each output pin
CCSGn5 | TBGnm | SWFGnm | CCSGnm INTTMGn1 INTCCGn5 INTCCGnm TOGnm
0 TIm edge
0 detection
0 1 GCCnm match Tied to inactive
Free-run Overflow TI5 edge level
0 interrupt detection Tim edge
mode ] detection
1 CMPGm match PWM
] (free run)
0 TIm edge
0 detection
1 ] GCCnm match Tied to inactive
Match and Overflow GCCn5 level
clear 0 interruptNote 1 | matchNote 2 Tim edge
mode 1 detection
PWM
1 CMPGm match (match and clear)
Note 1. Aninterruptis generated only when the value of the GCCnb5 register is
FFFFH.
2. Aninterrupt is generated only when the value of the GCCn5 register is not
FFFFH.
3. The setting of the CCSGnm bit in combination with the SWFGnm bit sets
the mode for the timing of the actualization of new compare values.
* In compare mode the new compare value will be immediately active.
¢ In PWM mode the new compare value will be active first after the next
overflow or match & clear of the assigned counter (TMGnO, TMGn1).
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12.7 Operation in Free-Run Mode

This operation mode is the standard mode for Timer Gn operations. In this
mode the 2 counter TMGnO and TMGn1 are counting up from 0000H to
FFFFH, generates an overflow and start again. In the match and clear mode,
which is described in Chapter 12.8 on page 363 the fixed assigned register
GCCn0 (GCCnb5) is used to reduce the bit-size of the counter TMGnO
(TMGn1).

(1) Capture operation (free run)
Basic settings:

Bit Value Remark
CCSGn0 0 free run mode
CCSGn5 0
SWFGnm 0 disable TOGnm

assign counter
1: TMGn1

(a) Example: Pulse width or period measurement of the TIGny input
signal (free run)

Capture setting method:

(1) When using one of the TOGn1 to TOGn4 pins, select the corresponding
counter with the TBGnm bit. When TIGnO is used, the corresponding
counter is TMGnO. When TIGn5 is used, the corresponding counter is
TMGn1.

(2) Select a count clock cycle with the CSE12 to CSE10 bits (TMGn1) or
CSEO02 to CSEO02 bits (TMGnO).

(8) Select a valid TIGny edge with the IEGny1 and IEGny0 bits. A rising
edge, falling edge, or both edges can be selected.

(4) Start timer operation by setting POWERnN bit and TMGnOE bit for TMGnO
or TMGn1E bit for TMGn1.

Capture operation:

(1) When a specified edge is detected, the value of the counter is stored in
GCCny and an edge detection interrupt (INTCCGny) is output.

(2) When the counter overflows, an overflow interrupt (INTTMGnO or
INTTMGn1) is generated.

(3) If an overflow has occurred between capture operations, the CCFGny flag
is set when GCChny is read. Correct capture data by checking the value of
CCFGny.
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Using CCFGny:

When using GCCny as a capture register, use the procedure below.

<1> After INTCCGny (edge detection interrupt) generation, read the
corresponding GCCny register.

<2> Check if the corresponding CCFGny bit of the TMGSTn register is set.

<3> If the CCFGny bit is set, the counter was cleared from the previous
captured value.

CCFGny is set when GCCny is read. So, after GCCny is read, the value of
CCFGny should be read. Using the procedure above, the value of CCFGny
corresponding to GCCny can be read normally.

Caution If two or more overflows occur between captures, a software-based measure
needs to be taken to count overflow interrupts (INTTMGNO, INTTMGn1).

R
feoure LML LML LU PLT LT LT L
A i

Countstart Clear

TiGno | "

D T o )

INTTGnCCO !_l_e !_LE !_I_{> !—L
INTGnOVO 3 3 |_| 3 3

CCFGNO 1 i !—1——

No overflow Overf low N o overflow

Figure 12-3 Timing when both edges of TIGn0 are valid (free run)

Note The figure above shows an image. In actual circuitry, 3 to 4 periods of the
count-up signal are required from the input of a waveform to TIGnO until a
capture interrupt is output.
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(b) Timing of capture trigger edge detection

The Tin inputs are fitted with an edge-detection and noise-elimination circuit.

Because of this circuit, 3 periods to less than 4 periods of the count clock are

required from edge input until an interrupt signal is output and capture

operation is performed. The timing chart is shown below.

Basic settings (x=0, 1 andy =0 to 5):

Bit Value Remark
CSEx2 0 Count clock = fgpg ko/4
CSEx1 1
CSEx0 0
IEGny1 1 detection of both edges
IEGny0 1
o [ 1 1L T1L Tl 71 Tl T
TMGNO/TMGn1 :X v Xt X w2 X w3 X 4 ws X w6 X w7 X u8
TIGno [ |
INTTGNCCy |_|
GCCny t+4 * t+7

3 count clock periods

Figure 12-4 Timing of capture trigger edge detection (free run)
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(c) Timing of starting capture trigger edge detection

A capture trigger input signal (TIGny) is synchronized in the noise eliminator
for internal use.

Edge detection starts when 1 count clock period (fcoynT) has been input after

timer count operation starts. (This is because masking is performed to prevent
the initial TIGny level from being recognized as an edge by mistake.). The
timing chart for starting edge detection is shown below.

Basic settings (x=0,1 andy = 0 to 5):

Bit Value Remark
CSEx2 0 Count clock = fgpc ko/4
CSEx1 1
CSEx0 0
IEGny1 1 detection of both edges
IEGnyO 1

Invalid ed ge input i
Edge detection s tart

VS I I I O e I e A AN o AN o B
TMGOE (TMG1E) |

ENFG O(ENFG1) | !
count_upO(count_up) M M M M M M
TMGNO/TMGn1 X ;ooom X 0002+ X" 0003H X 000aH X o00sH X ooosH X
TiGny l_—|
INTTGNnCCy [
GCCny X 0005H

Figure 12-5 Timing of starting capture trigger edge detection
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(2) Compare operation (free run)
Basic settings (m =1 to 4):

Bit Value Remark
CCSGnoO 0 free run mode
CCSGn5 0
SWFGnm 0 disable TOGnm
Compare mode for
CCSGnm 1 GCCnm
assign counter
for GCCnm
TBGNm X 0: TMGnO
1: TMGn1

(a) Example: Interval timer (free run)

Setting method interval timer:

(1) An usable compare register is one of GCCn1 to GCCn4, and the
corresponding counter (TMGnO or TMGn1) must be selected with the
TBGnm bit.

(2) Select a count clock cycle with the CSE12 to CSE10 bits (TMGn1
register) or CSE02 to CSEOQO bits (TMGnNO register).

(8) Write data to GCCnm.
(4) Start timer operation by setting POWERNn and TMGnOE (or TMGn1E).

Compare Operation:

(1) When the value of the counter matches the value of GCCnm (m = 0 to 4),
a match interrupt (INTCCGnm) is output.

(2) When the counter overflows, an overflow interrupt (INTTMGnO/
INTTMGn1) is generated.

ENFGO J I—

FFFFH FFFFH ——  FFFFH —
Match / —5=r T

TMGnO /

GCCni N
INTTGNCCT |‘| |‘| ﬂ

INTTGNOVO H ﬂ H

Figure 12-6 Timing of compare mode (free run)

Data N is set in GCCn1, and the counter TMGnO is selected.
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(b) When the value 0000H is set in GCCnm
INTCCGnm is activated when the value of the counter becomes 0001H.

INTTMGnO/INTTMGn1 is activated when the value of the counter changes
from FFFFH to 0000H.

Note, however, that even if no data is set in GCCnm, INTCCGnm is activated
immediately after the counter starts.

(c) When the value FFFFH is set in GCCnm

INTCCGnm and INTTMGnO/INTTMGn1 are activated when the value of the
counter changes from FFFFH to 0000H.

(d) When GCCnm is rewritten during operation

When GCCn1 is rewritten from 5555H to AAAAH. TMGNO is selected as the
counter.

The following operation is performed:

ENFGO _j

Match
TMGnO
» Reload in 5 periods
GCCn1 Slave register 15555H EAAAAH
GCCn1 Master register 5555H X AAAAH

INTTGnCC1

Figure 12-7 Timing when GCCn1 is rewritten during operation (free run)

Caution To perform successive write access during operation, for rewriting the GCCny
register (n = 1 to 4), you have to wait for minimum 7 peripheral clocks periods

(fspcLko)-
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(3) PWM output (free run)
Basic settings (m = 1 to 4):

Bit Value Remark
CCSGnoO 0 free run mode
CCSGn5 0
SWFGnm 1Note enable TOGnm
Note Compare mode for
CCSGnm 1 &eCnm
assign counter
for GCCnm
TBGnm X 0: TMGnO
1: TMGn1

Note The PWM mode is activated by setting the SWFGnm and the CCSGnm bit to

||1||.

PWM setting method:

(1)

()

@)

(4)

(5)
(6)

An usable compare register is one of GCCn1 to GCCn4, and the
corresponding counter must be selected with the TBGnm bit.

Select a count clock cycle with the CSE12 to CSE10 bits (TMGn1
register) or CSE02 to CSEQO bits (TMGnO register).

Specify the active level of a timer output (TOGnm pin) with the ALVGnm
bit.

When using multiple timer outputs, the user can prevent TOGnm from
becoming active simultaneously by setting the OLDEnR bit of TMGMHnN
register to provide step-by-step delays for TOGnm. (This capability is
useful for reducing noise and current.)

Write data to GCCnm.

Start timer operation by setting POWERnN bit and TMGnOE bit (or
TMGN1E bit).

PWM operation:

(1)

)

@)

(4)

When the value of the counter matches the value of GCCnm, a match
interrupt (INTCCGnm) is output.

When the counter overflows, an overflow interrupt (INTTMGNO or
INTTMGn1) is generated.

TOGnNnm does not make a transition until the first overflow occurs. (Even if
the counter is cleared by software, TOGnm does not make a transition
until the next overflow occurs. After the first overflow occurs, TOGnm is
activated.

When the value of the counter matches the value of GCCnm, TOGnm is
deactivated, and a match interrupt INTCCGnm) is output. The counter is
not cleared, but continues count-up operation.

The counter overflows, and INTTMGnNO or INTTMGn1 is output to activate
TOGnNm. The counter resumes count-up operation starting with 0000H.

RO1UH0027ED0420 Rev. 4.20 RENESAS 359

User Manual




Chapter 12 16-bit Multi-Purpose Timer G (TMG)

ENFGO | | -

FFFFH FFFFH FFFFH

GCCn1 i N

TMGnO

INTTGnCC1 |_| I_I H

INTTGnOVO ["| |‘|

|
] [ —
TOGn1 (ALVG1=0) | —|__] U

TOGN1 (ALVG1=1)

Figure 12-8 Timing of PWM operation (free run)

Data N is set in GCCn1, counter TMGnO is selected.

(a) When 0000H is set in GCCnm (m =1 to 4)
When 0000H is set in GCCnm, TOGnm is tied to the inactive level.

The figure below shows the state of TOGn1 when 0000H is set in GCCn1, and
TMGNO is selected.

ENFGO |
FFFFH FFFFH . FFFFH
Match
TMGnO
GCCn1 0000H

INTTGNCC1 [ [ I H
INTTGnOVO [ I 1

TOGN1(AL VG 1=1) Low

TOGNn1(AL VG 1=0) High

Figure 12-9 Timing when 0000H is set in GCCnm (free run)

GCCn1 and TMGNO are selected.
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(b) When FFFFH is set in GCCnm (m =1 to 4)

When FFFFH is set in GCCnm, TOGnm outputs the inactive level for one clock
period immediately after each counter overflow (except the first overflow).

The figure shows the state of TOGn1 when FFFFH is set in GCCn1, and
TMGNO is selected.

ENFGO |
Match
FFFFH FFFFH FFFFH
TMGnO
GCCn1 FFFFH
INTTGnCC1
INTTGNOVO

TOGN1(AL VG 1=1)

TOGN1(ALVG 1=0)

Figure 12-10 Timing when FFFFH is set in GCCnm (free run)

B I —

— 1 17

L
i
1 E—
S

GCCn1 and TMGNO are selected.
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ENFGOJ

TMGnO

GCCn1 Slave register

GCCn1 Master register

INTTGnCC1

INTTGnOVO [ |_| ]
TOGN1(AL VG 1=1) :

TOGN1(AL VG 1=0)

Figure 12-11

(c) When GCCnm is rewritten during operation (m =1 to 4)

When GCCn1 is rewritten from 5555H to AAAAH, the operation shown below
is performed.

The figure below shows a case where TMGnO is selected for GCCn1.

FFFFH —— FFFFH FFFH —
Matc/ Match —
Match/—y: — : !
5555H | X\ AAAAH |
| 5555H X AAAAH

i i i

5555H l_
||

==l
U

Timing when GCCnm is rewritten during operation (free run)

GCCn1 and TMGNO are selected.

If GCCn1 is rewritten to AAAAH after the second INTCCGn1 is generated as
shown in the figure above, AAAAH is reloaded to the GCCn1 register when the
next overflow occurs.

The next match interrupt (INTCCGn1) is generated when the value of the
counter is AAAAH. The pulse width also matches accordingly.
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12.8 Match and Clear Mode

The match and clear mode is mainly used reduce the number of valid bits of
the counters (TMGnO, TMGn1).

Therefore the fixed assigned register GCCn0 (GCCn1) is used to compare its
value with the counter TMGnO (TMGn1). If the values match, than an interrupt
is generated and the counter is cleared. Than the counter starts up counting
again.

(1) Capture operation (match and clear)
Basic settings (m = 1 to 4):

Bit Value Remark
CCSGn0 1 match and clear mode
CCSGn5 1
SWFGnm 0 disable TOGnm
CCSGnm 0 Capture mode for GCCnm
assign counter
1: TMGn1

(a) Example: Pulse width measurement or period measurement of the
TIGnm input signal
Setting method:

(1) When using one of TOGn1 to TOGn4 pin, select the corresponding
counter with the TBGnm bit. When CCSGn0 = 1, TIO cannot be used.
When CCSGn5 = 1, TIGn5 cannot be used.

(2) Select a count clock cycle with the CSE12 to CSE10 (TMGn1) bits or
CSEO02 to CSE00 (TMGnNO) bits.

(8) Select a valid TIGnm edge with the IEGnm1 and IEGnmO bit. A rising
edge, falling edge, or both edges can be selected.

(4) Set an upper limit on the value of the counter in GCCn0 or GCCn5.

(5) Start timer operation by setting POWERN bit and TMGnOE bit (or
TMGnN1E bit).

Operation:

(1) When a specified edge is detected, the value of the counter is stored in
GCCnm, and an edge detection interrupt (INTCCGnm) is output.

(2) When the value of GCCn0 or GCCn5 matches the value of the counter,
INTCCGNO (INTCCGnS) is output, and the counter is cleared. This
operation is referred to as "match and clear".

(8) If a match and clear event has occurred between capture operations, the
CCFGny flag is set when GCCny is read. Correct capture data by
checking the value of CCFGny.
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(b) Example: Capture where both edges of TIGnm are valid (match and
clear)

For the timing chart TMGnO is selected as the counter corresponding to
TOGn1, and OFFFH is set in GCCnO.

feone | L LT LML LT L ML L L LT LT L LT
TMGnO X DO X: X D1 X_: XOFFFHXOOOOHX: YDZ X: YDB X:
A A

C ount start Clear

TIGn1 - 8_‘ L
GCCn1 X: DO X: D1 E D2 E
[ 1 [ |

INTTGnCC1

C | | C
i
INTTGNCCO | | | |
i i
| |
CCFG1 N | |
T T d

No "match and cl ear" "Match and c lear" No "match and cl ear"

Figure 12-12 Timing when both edges of TIGnm are valid (match and clear)

Note The figure above shows an image. In actual circuitry, 3 to 4 periods of the
count-up signal (fcounT) a@re required from the input of a waveform to TOGn1

until a capture interrupt is output. (See Figure 12-4 on page 355.)

Caution If two or more match and clear events occur between captures, a software-
based measure needs to be taken to count INTCCGnO or INTCCGnN5.

(¢) When 0000H is set in GCCnO or GCCn5 (match and clear)

When 0000H is set in GCCn0 (GCCnb5), the value of the counter is fixed at
0000H, and does not operate. Moreover, INTCCGnO (INTCCGn5) continues to
be active.

(d) When FFFFH is set in GCCn0 or GCCn5 (match and clear)

When FFFFH is set in GCCn0 (GCCn5), operation equivalent to the free-run
mode is performed. When an overflow occurs, INTTMGNO (INTTMGn1) is
generated, but INTCCGnO (INTCCGnN5) is not generated.

RO1UHO0027ED0420 Rev. 4.20 RENESAS 364
User Manual



Chapter 12

16-bit Multi-Purpose Timer G (TMG)

(2) Compare operation (match and clear)
Basic settings (m = 1 to 4):

Bit Value Remark
CCSGnoO 1 match and clear mode
CCSGn5 1
SWFGnm 0 disable TOGnm
Compare mode for
CCSGnm 1 GCCnm
assign counter
for GCCnm
TBGNm X 0: TMGnO
1: TMGn1

(a) Example: Interval timer (match and clear)

Setting Method

(1)

)

@)
(4)
(5)

An usable compare register is one of GCCn1 to GCCn4, and the
corresponding counter must be selected with the TBGnm bit.

Select a count clock cycle with the CSE12 to CSE10 bits (TMGn1) or
CSEO02 to CSEO0O bits (TMGnO).

Set an upper limit on the value of the counter in GCCn0 or GCCn5.
Write data to GCCnm.
Start timer operation by setting the POWERRN bit and TMGXE bit (x =0, 1).

Operation:

(1)

()

@)

When the value of the counter matches the value of GCCnm, a match
interrupt (INTCCGnm) is output.

When the value of GCCn0 or GCCn5 matches the value of the counter,
INTCCGNO (or INTCCGN5) is output, and the counter is cleared. This
operation is referred to as "match and clear".

The counter resumes count-up operation starting with 0000H.
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ENFGO |

TMGnO

GCCn1

INTTGnCC1

INTTGNnCCO

I

OFFFH OFFFH —— OFFFH ——
Match / —]= —

—t

| | |

Figure 12-13 Timing of compare operation (match and clear)

In this example, the data N is set in GCCn1, and TMGnO is selected.
OFFFH is set in GCCnO. Here, N < OFFFH.

(b) When 0000H is set in GCCn0 or GCCn5 (match and clear)

When 0000H is set in GCCnO0 or GCCn5, the value of the counter is fixed at
0000H, and does not operate. Moreover, INTCCGnNO (or INTCCGn5) continues
to be active.

(c) When FFFFH is set in GCCn0 or GCCn5 (match and clear)

When FFFFH is set in GCCn0 or GCCn5, operation equivalent to the free-run
mode is performed. When an overflow occurs, INTTMGNO (or INTTMGn1) is
generated, but INTCCGnO (or INTCCGnb) is not generated.

(d) When 0000H is set in GCCnm (m = 1 to 4) (match and clear)
INTCCGnm is activated when the value of the counter becomes 0001H.

Note, however, that even if no data is set in GCCnm, INTCCGnm is activated
immediately after the counter starts.

(e) When a value exceeding the value of GCCnO0 or GCCn5 is set in
GCCnm (m = 1 to 4) (match and clear)

INTCCGnm is not generated.
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(f) When GCCnm (m = 1 to 4) is rewritten during operation (match and
clear)

When the value of GCCn1 is changed from 0555H to OAAAH, the operation
described below is performed.

TMGNO is selected as the counter, and OFFFH is set in GCCnO.

ENFGO |

Mach
TMGnO %
i : Reload in 5 clock periods : / i
GCCn1 Slave register 0555H / OAAAH
GCCn1 Master register 0555H X 0AAAH /l \’

INTTGNCC1 ’—‘ \ \ ,—‘

Figure 12-14 Timing when GCCnm is rewritten during operation (match and clear)

Caution To perform successive write access during operation, for rewriting the GCCny
register, you have to wait for minimum 7 peripheral clocks periods (fspci ko)-

(3) PMW output (match and clear)
Basic settings (m = 1 to 4):

Bit Value Remark
CCSGnoO 1 match and clear mode
CCSGn5 1
SWFGnm 1Note enable TOGnm
Note Compare mode for
CCSGnm 1 SCChm
assign counter
for GCCnm
TBGnm X 0: TMGnO
1: TMGn1

Note The PWM mode is activated by setting the SWFGnm and the CCSGnm bit to
II1 II.
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Setting Method:

(1)

)

@)

(4)

(5)

(6)
@)

An usable compare register is one of GCCn1 to GCCn4, and the
corresponding counters TMGnO or TMGn1 must be selected with the
TBGnm bit (m = 1 to 4).

Select a count clock cycle with the CSE12 to CSE10 (TMGn1) bits or
CSEO02 to CSE00 (TMGnO) bits.

Specify the active level of a timer output (TOGnm) with the ALVGnm bit.

When using multiple timer outputs, the user can prevent TOGnm from
making transitions simultaneously by setting the OLDEnN bit of TMGMHnN
register. (This capability is useful for reducing noise and current.)

Set an upper limit on the value of the counter in GCCnO0 or GCCn5.
(Timer Dn 0000H is forbidden)

Write data to GCCnm.

Start count operation by setting POWERN bit and TMGnOE bit (or
TMGn1E bit).

Operation of PWM (match and clear):

(1)

When the value of the counter matches the value of GCCnm, a match
interrupt (INTCCGnm) is output.

Caution Do not set 0000H in GCCnO or GCCn5 in match and clear modus.

()

@)
(4)

(5)

(6)

When the value of GCCnO0 (GCCn5) matches the value of the counter,
INTCCGNO (INTCCGnS) is output, and the counter is cleared. This
operation is referred to as "match and clear".

TOGNm does not make a transition until the first match and clear event.

TOGNnm makes a transition to the active level after the first match and
clear event.

When the value of the counter matches the value of GCCnm, TOGnm
makes a transition to the inactive level, and a match interrupt
(INTCCGnm) is output.

When the next match and clear event occurs, INTCCGnO (INTCCGn5) is
output, and the counter is cleared. The counter resumes count-up
operation starting with 0O000H.
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Example

Data N is set, and the counter TMGnNO is selected.
OFFFH is set in GCCnO and N < OFFFH.

ENFGO J | _

TMGnO

GCCn1

INTTGnCC1
INTTGnCCO

TOGNn1(ALVG1=1)

TOGN1(ALVG1=0)

Figure 12-15

OFFFH — OFFFH — OFFFH —

Match — 5= —

(I I |
T 1 7

[ [
L - i

Timing of PWM operation (match and clear)

When 0000H is set in GCCn0 (GCCn5), the value of the counter is fixed at
0000H, and the counter does not operate. The waveform of INTCCGnO
(INTCCGnb5) varies, depending on whether the count clock is the reference
clock or the sampling clock.

(a) When FFFFH is set in GCCn0 or GCCn5 (match and clear)

When FFFFH is set in GCCn0 (GCCnb5), operation equivalent to the free-run
mode is performed. When an overflow occurs, INTTMGNO (INTTMGn1) is
generated, but INTCCGnO (INTCCGn5) is not generated.

(b) When 0000H is set in GCCnm (match and clear)
When 0000H is set in GCCnm, TOGnm is tied to the inactive level.

The figure below shows the state of TOGn1 when 0000H is set in GCCn1, and
TMGNO is selected.

Note, however, that OFFFH is set in GCCnO.
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ENFGO | |

OFFFH —— OFFFH —— OFFFH ———
Match

TMGnO I

GCCn1 0000H

N i i i
INTGnCCO [ [ I

TOGN1(ALVG1=1) Low

TOGNn1(ALVG1=0) High

Figure 12-16 Timing when 0000H is set in GCCnm (match and clear)

(c) When the same value as set in GCCn0 or GCCn5 is set in GCChm
(match and clear)

When the same value as set in GCCn0 (GCCnb5) is set in GCCnm, TOGnm
outputs the inactive level for only one clock period immediately after each
match and clear event (excluding the first match and clear event).

The figure below shows the state of TOGn1 when OFFFH is set in GCCnO0 and
GCCn1, and TMGNO is selected.

ENFGO_| |

Match
OFFFH —— OFFFH —— OFFFH ——
TMGnO
GCCn1 OFFFH
INTTGNCC1
INTTGNCCO

TOGNn1(ALVG1=1)

R I I R
— 1 /17

L
L
1| E—
[

TOGNn1(ALVG1=0)

Figure 12-17 Timing when the same value as set in GCCn0/GCCn5 is set in GCCnhm
(match and clear)
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(d) When a value exceeding the value set in GCCn0 or GCCn5 is set in

GCCnm (match and clear)

When a value exceeding the value set in GCCn0 (GCCn5) is set in GCCnm,
TOGnm starts and continues outputting the active level immediately after the

first match and clear event (until count operation stops.)

The figure shows the state of TOGn1 when OFFFH is set in GCCnO0, 1FFFH is

set in GCCn1, and TMGNO is selected.

ENFGO J
OFFFH OFFFH OFFFH
TMGNO
GCCn1 1FFFH
INTTGnCC1 Low
INTTGNCCO H

TOGN1(ALVG1=1) |

TOGNn1(ALVG1=0) |

|:

Figure 12-18 Timing when the value of GCCnm exceeding GCCn0 or GCCn5

(match and clear)
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(e) When GCCnm is rewritten during operation (match and clear)

When GCCn1 is rewritten from 0555H to 0AAAH, the operation shown below is
performed.

The figure below shows a case where OFFFH is set in GCCn0, and TMGnO is
selected for GCCn1.

ENFGO | |

OFFFH —— OFFFH OFFFH —
Match —
Match |
Match/—Vr P |

GCCn1 Slave register 0555H | X \ OAAAH !

TMGnO

GCCn1 Master register 1 0555H X OAAAH

INTTGNCC1 H |_| |_|
INTTGnCCO [ [ -
TOGN1(ALVG1=1) 0sssH [ ] [‘oaAAH | |_|
TOGN1(ALVG1=0) L U

Figure 12-19 Timing when GCCnm is rewritten during operation (match and clear)

If GCCn1 is rewritten to OAAAH after the second INTCCGn1 is generated as
shown in the figure above, 0AAAH is reloaded to the GCCn1 register when the
next overflow occurs.

The next match interrupt (INTCCGn1) is generated when the value of the
counter is 0OAAAH. The pulse width also matches accordingly.
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12.9 Edge Noise Elimination

The edge detection circuit has a noise elimination function. This function
regards:

¢ apulse not wider than 1 count clock period as a noise, and does not
detect it as an edge.

¢ a pulse not shorter than 2 count clock periods is detected normally as an
edge.

¢ apulse wider than 1 count clock period but shorter than 2 count clock
periods may be detected as an edge or may be eliminated as noise,
depending on the timing.

(This is because the count-up signal of the counter is used for sampling
timing.) The upper figure below shows the timing chart for performing edge
detection. The lower figure below shows the timing chart for not performing
edge detection.

Basic settings (x=0, 1 andy = 0 to 5):

Bit Value Remark
CSEx2 0 Count clock = fgpc ko/4
CSEXx1 1
CSEx0 0
IEGny1 1 detection of both edges
IEGnyO 1

<Timing chart for performing edge detection>

founre [ ] [] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
TMGNO/TMGn 1 Xt X wm X w2 Xw3 X wa X w5 X w6} wr

TIGny
INTTGnCCy [] [ ]
GCCny X 4 X t+6

<Timing chart for noise el imination>

foounme [ ] [ ] [1 [1 [1 [1 [ ] [ ] [ ]
TMGNO/TMGnNT X ¢ X X w2 X w3 X wa X ws X ws X wr X

TIGny

INTTGnCCy

GCCny

Figure 12-20 Timing of edge detection noise elimination
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12.10 Precautions Timer Gn

(1) When POWERN bit of TMGMHnN register is set
The rewriting of the CSEn2 to CSENO bits of TMGMHDN register is prohibited.
These bits set the prescaler for the Timer Gn counter.
The rewriting of the CCSGny bits (y = 0 to 5) is prohibited.
This bits (OCTLGnL and OCTLGnNH registers) set the capture mode or the
compare mode to the GCCy register. For the GCCnO register and the GCCn5
register these bits (TMGMLn register) set the “free run” or “match and clear”
mode of the TMGnO and TMGn1 counter.
The rewriting of the TMGCMnL and the TMGCMHN register is prohibited.
These registers configure the counter (TMGnO or TMGn1) for the GCCnm
register (m = 1 to 4) and define the edge detection for the TIGnm input pins
(falling, rising, both).
Even when POWERRN bit is set, TOGnm output is switched by switching the
ALVGnm bit of OCTLGNL and OCTLGnH registers.
These bits configure the active level of the TOGnm pins (m = 1 to 4).

(2) When POWERN bit and TMGXE bit are set (x =0, 1)
The rewriting of ALVGnm is prohibited (m = 1 to 4).
These bits configure the active level of the TOGnm pins (m = 1 to 4).
When in compare-mode the rewriting of the GCCn0 or GCCnb5 register is
prohibited.
In compare mode these registers set the value for the “match and clear” mode
of the TMGnO and TMGn1 counter.

(3) Functionality
When the POWERN bit is set to “0”, regardless of the SWFGnm bit (OCTLGnL
and OCTLGnNH registers), the TOGnm pins are tied to the inactive level.
The SWFGnm bit enables or disables the output of the TOGnm pins. This bit
can be rewritten during timer operation.
The CLRGx bit (x =0, 1) is a flag. If this bit is read, a "0" is read at all times.
This bit clears the corresponding counter (TMGnNO or TMGn1)
When GCCnm register (m = 1 to 4) are used in capture operation:
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4

If two or more overflows of TMGnO or TMGn1 occur between captures, a
software-based measure needs to be taken to count overflow interrupts
(INTTMGnO or INTTMGn1).

If only one overflow is necessary, the CCFGny bits (y = 0 to 5) can be used for
overflow detection.

Only the overflow of the TMGnO or TMGn1counter clears the CCFGny bit
(TMGSTNn register). The software-based clearing via CLRGnO or CLRGn1 bit
(TMGMLn register) doesn’t affect these bits.

The CCFGny bit is set if a TMGnO (TMGn1) overflow occurs. This flag is only
updated if the corresponding GCCny register was read, so first read the
GCChny register and then read this flag if necessary.

Timing
The delay of each timer output TOGnm (m = 1 to 4) varies according to the
setting of the count clock with the CSEx2 to CSEXO0 bits (x = 0, 1).

In capture operation 3 to 4 periods of the count-clock (fcounT) Signal are
required from the TIGny pin (y = 0 to 5) until a capture interrupt is output.

When TMGXE (x = 0, 1) is set earlier or simultaneously with POWERN bit, than
the Timer Gn needs 7 peripheral clock periods (fspci ko) to start counting.

When TMGXE (x = 0, 1) is set later than POWERRN bit, than the Timer Gn
needs 4 peripheral clock periods (fgpc ko) to start counting.

When a capture register (GCCny) is read, the capturing is disable during read
operation. This is intended to prevent undefined data during reading. So, if a
contention occurs between an external trigger signal and the read operation,
capture operation may be cancelled, and old data may be read.

GCCnm register (m = 1 to 4) in Compare mode:

After setting the POWERnN bit you have to wait for 10 peripheral clock periods
(fspcLko) to perform write access to the GCCnm register (m = 1 to 4).

To perform successive write access during operation, for rewriting the GCCnm
register, you have to wait for minimum 7 peripheral clock periods (fspciko)-
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The Watch Timer (WT) generates interrupts at regular time intervals. These
interrupts are generally used as ticks for updating the internal daytime and
calendar.

The Watch Timer includes two identical counters. Throughout this chapter, the
counters are identified as WTn, wheren=01o0 1.

13.1 Overview

The Watch Timer consists of two 16-bit down-counters, WTO and WT1, and
includes the Watch Calibration Timer WCT.

WTO0 The load value that must be set for WTO depends on the chosen clock
frequency and the desired time interval between two interrupts.

For example, WTO can be set up to generate an interrupt every second
(INTWTOUV).

During normal operation, the clock of WTO (WTCLK) is directly derived from
the precision main oscillator. It bypasses the PLL and SSCG.

However, the WTCLK can also be derived from the sub or internal oscillator.
This is useful if the main oscillator is switched off in order to save power.

WT1 WT1 is clocked by the interrupts generated by WTO. It can, for example,
generate an interrupt every hour (or whatever wake-up time is required).

This interrupt (INTWT1UV) can be used to escape from Sub-WATCH mode
and hence to revive the main oscillator if necessary.

WCT The sub or internal oscillators used in Sub_WATCH mode are not as stable as
the main oscillator. The time between two WTO interrupts may be slightly
shorter or longer than desired.

Therefore a third timer - the Watch Calibration Timer (WCT) - can be used
occasionally to measure the time between two interrupts INTWTOUV.

WCT requires the main oscillator clock for this measurement. Its clock,
WCTCLK, always stops if the main oscillator stops, that means if STOP mode
or Sub-WATCH mode are entered.

Based on the measurement result, a new load value for WTO can be
calculated. This is the solution to regain precise intervals between WTO
interrupts. After the adjustment of WTO, the system can return to Sub-WATCH
mode where the main oscillator is stopped.
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Features summary

Special features of the Watch Timer are:

Periodic interrupts (clock ticks) generated by two down-counters

Two reload registers, one for each counter

Choice of oscillators to reduce power consumption in stand-by mode

Can operate in all power save modes

Clock correction in stand-by mode by means of the Watch Calibration Timer

In debug mode, the counters WTO and WT1 can be stopped at breakpoint

Special features of the Watch Calibration Timer are:

16-bit capture / compare register CR001

Capture / trigger input for INTWTOUV with edge specification for INTWTOUV
interval measurement

Capture / match interrupt request signal INTTMO1

RO1UH0027ED0420 Rev. 4.20 RENESAS 377

User Manual



Chapter 13 Watch Timer (WT)

13.1.1 Description

The following figure shows the structure of the Watch Timer and its connection
to the Watch Calibration Timer.

2 Internal bus
T * ;
e I
| WTOCNT1 | | WTOCNTO | | Reload buffer | WT1CNT1 | | WT1CNTO | | Reload buffer
Reload Reload
WTCLK 16-bit down-counter 16-bit down-counter INTWT1U
WT1 (long interval)
WTOCTL.CE 41 WT1CTL.CE 41
INTWTOU
(short interval)
INTWTOU
Watch Calibration _
Timer = 2
~ ge Q@
| detector cRoot | 8 INTTMO1
| on match %
PRMO00.ES00[1:0] ‘ =
16-bit up-counter
WCTCLK ‘ Tl\aoo TMC00.TMC00[3:2]
2 Internal bus 3

Figure 13-1 Watch Timer configuration

As shown in the figure, WTO is clocked by WTCLK, a clock generated by the
Clock Generator. When WTO counts down to zero, it generates the INTWTOUV
interrupt.

WT1 is clocked by the interrupts INTWTOUV. When WT1 reaches zero, it
generates the interrupt INTWT1UV.

Two control registers WTnCTL are used to enable the counters. This is done
by setting WTnCTL.WTCE to 1.

As soon as the counters are enabled, it is possible to write a start value to the
reload registers WTOR and WT1R.

WCT is a capture/compare timer. In this application, it measures the time
between two INTWTOUV interrupts. It is clocked by WCTCLK, another clock
generated by the Clock Generator.
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13.1.2

Table

M

Note

13-1

Principle of operation

In order to generate an interrupt every one or two seconds, WTCLK is usually

set to a frequency around 30 KHz. Then, a load value around 215 will yield a
running time of about 1 s.

Operation control of WTO

The source and frequency of WTCLK are specified in the Clock Generator
register TCC.

The Clock Generator contains a programmable frequency divider that makes it
possible to scale down the selected clock source.

WTCLK uses the same clock source and clock divider as the LCD Controller/
Driver clock LCDCLK. The frequency fytcLk can be the same as f_ cpcLk of

fLcpcLk / 2. For details refer to “Clock Generator” on page 100.

Typical settings and the resulting maximum time interval between two
interrupts are listed in the table below.

Typical Settings of WTCLK

Clock source

Clock divider setting WTCLK Frequency Max. period of INTWTOUV?

4 MHz main osc.

1/128 31.25 KHz 2.097 s

32 kHz sub osc.

1 32.768 KHz (typ.) 20s

240 kHz internal osc.

1/8 30 KHz (typ.) 2.184533 s

a)

()

The maximum period corresponds to a counter load value of 216 _1,

Note that you can double the maximum period by setting TCC.WTSEL1 to 1.

The clock input can be disabled (WTOCTL.WTCE = 0). This stops the Watch
Timer. After reset, the timer is also stopped.

When WTO is enabled and a non-zero reload value is specified, the counter
decreases with every rising edge of WTCLK. When the counter reaches zero,
the interrupt INTWTOUV is active high for one clock cycle. Upon undeflow, i.e.
with the next clock, the timer reloads its start value and resumes down-
counting. The load value can be freely chosen

Operation of WT1

Once WT1 is enabled and a non-zero reload value is specified, its counter
decreases with every interrupt INTWTOUV.

When WT1 reaches zero, it generates the interrupt INTWT1UV. Upon
undeflow, i.e. with the next clock, the timer reloads its load value and restarts
down-counting. The load value can be freely chosen.

Starting WT1 requires some attention. For further details refer to “Watch Timer
start-up“ on page 386.
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)

Note

Operation of WCT

The third counter WCT is used for clock correction. This counter is connected
to PCLK1 (8 MHZz) or directly to the 4 MHz main oscillator. It is used to
measure the time between two INTWTOUV requests.

For this measurement, WCT is configured as a capture timer.
Once it is enabled, the WCT counter is increased with every rising edge of its

clock. When the value FFFF is reached, the counter sets a flag and restarts
with 0000,.

The interrupt INTWTOUYV from counter WTO triggers the capture operation. At
every INTWTOUV, the count value is captured, and the interrupt INTTMO1 is
generated. From the counter difference between two consecutive capture
events, the accuracy of the WTCLK can be measured, and WTO or WT1,
respectively, can be corrected.

The WCT can be programmed to restart counting after the capture operation.
The WCT detects the valid edge of INTWTOUV by sampling its input signal

(the INTWTOUV interrupt line) with WCTCLK. The capture operation is only
performed if the same level after a valid edge is detected two times in series.

As a consequence, the time interval measurement will only work correctly if
fwreik < fwercik / 2.
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13.2 Watch Timer Registers

The Watch Timer counters WTO and WT1 are controlled and operated by
means of the following registers:

Table 13-2 WTn registers overview

Register name Shortcut Address
Watch timer synchronized read register WTnCNTO <base>
Watch timer non-synchronized read register WTnCNT1 <base> + 2
Watch timer reload register WTnR <base> + 4y
Watch timer control register WTnCTL <base> + 6

Table 13-3 WTn register base addresses

Timer Base address
WTO FFFF F5604
WT1 FFFF F570y

(1) WTnCTL - WTn timer control register
The 8-bit WTnCTL register controls the operation of the timer WTn.

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

Address <base> + 6y

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

7 6
[wice| o [ o [ o | o | o 0
RIW

Table 13-4 WTnCTL register contents

Bit position Bit name Function

7 WTCE Watch timer counter enable:

0: Disable count operation (the timer stops immediately with the count value
0000y and does not operate).

1: Enable count operation.

Note 1. IfWTnCTL.WTCE is 1, the counter starts after the counter's load value has
been written to the reload register WTnR. As long as WTnR is zero, no
counting is performed, and no interrupts INTWTnUV are generated.

2. The first interval from counter start to the first underflow takes at least four
clock cycles more than the following intervals. For details refer to “Watch
Timer start-up” on page 386.
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(2) WTNnCNTO - WTn synchronized counter register
The WTnCNTO register is the synchronized register that can be used to read
the present value of the 16-bit counter.
“Synchronized” means that the read access via the internal bus is
synchronized with the counter clock. The synchronization process causes a
delay, but the resulting value is reliable.
Access This register is read-only, in 16-bit units.
Address <base> of WTn
Initial Value 0000y. This register is cleared by any reset and if WTnCTL.WTCE = 0.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Updated counter value (synchronized)
R
Note Due to the low frequencies of the counter clocks, the synchronization can take
about up to two WTCLK. For a quick response, it is recommended to read the
non-synchronized counter register WTnCNT1.
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(3) WTnCNT1 - WTn non-synchronized counter read register

The WTnCNT1 register is the non-synchronized register that can be used to
read the present value of the corresponding 16-bit counter.

“Non-synchronized” means that the read access via the internal bus is not
synchronized with the counter clock. It returns the instantaneous value
immediately, with the risk that this value is just being updated by the counter
and therefore in doubt.

Access This register is read-only, in 16-bit units.

Address <base> + 2y

Initial Value 0000y. This register is cleared by any reset and if WTnCTL.WTCE = 0.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Instantaneous counter value (non-synchronized)
R

Note The value read from this register can be incorrect, because the read access is
not synchronized with the counter clock.

Therefore, this register shall be read multiple times within one period of the
counter clock cycle.

If the difference between the first and the second value is not greater than one,
you can consider the second value to be correct. If the difference between the
two values is greater than one, you have to read the register a third time and
compare the third value with the second. Again, the difference must not be
greater than one.

If the read accesses do not happen within one period of the counter clock
cycle, the difference between the last two values will be greater than one. In
this case, you can only repeat the procedure or estimate the updated counter
value.

Reading the counter value via WTnCNT1 instead of WTnCNTO is only
reasonable if the CPU clock is remarkably higher than WTCLK and the
overhead of multiple reading WTnCNT1 is justifiable.
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(4) WTnR - WTn reload register
The WTnR register is a dedicated register for setting the reload value of the
corresponding counter.
Access This register can be read/written in 16-bit units.
Address <base> + 4y
Initial Value 0000y. This register is cleared by any reset and if WTnCTL.WTCE = 0.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Down-counter load value |
R/W
Note 1. WTnR can only be written if WTnCTL.WTCE = 1 (counter enabled).

2. The load value must be non-zero (0001, ...FFFFy).

3. The contents of this register is automatically copied to the reload buffer.
The counters load their values from the respective buffers at underflow.
To ensure correct operation, this register shall not be written twice within
three cycles of the counter clock. A second write attempt within that time
span is ignored.

This time span of three cycles of the counter clock is stalled and not
cleared if WTnCTL.WTCE is cleared to 0. After restarting the counter by
setting WTnCTL.WTCE back to 1, the time span will continue to elapse,
but the counter will not be started automatically.

4. The value read from WTnR is the target start value. It is not necessarily
identical with the current start value that is stored in the reload buffer. The
buffer may not yet be updated.
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13.3 Watch Timer Operation
This section describes the operation of the Watch Timer counters in detail.
13.3.1 Timing of steady operation
The contents of the reload registers WTnR can be changed at any time,
provided the corresponding counter is enabled. The contents is then copied to
the reload buffer. The counters WTn reload their start value from the buffer
upon underflow.
This is illustrated in the following figure.
DO DO DO
16-bit down D1 D1
counter value
00004
Reload buffer DO <( /D1 N ?( ~ /DO
WTnR Do | X [ D1 [ X [ DO
INTWThUV \/—\ \/_\ \/—\ \/—\
Figure 13-2 Reload timing and interrupt generation

DO and D1 are two different reload values.

Note also that there is a delay between writing to WTnR and making the data
available in the reload buffer, depending on the previous reload value and the

chosen count clock.
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13.3.2

Start-up timing

INTWTOUV ||

Watch Timer start-up

The first interval after starting WTO and WT1 until their first underflow takes at
least four additional input clock cycles. At this point in time, the values of the
counter registers WTnCNT are not correct.

After the first automatic reload of the WTnR value, the counter registers
WTnCNT hold the correct number of clock cycles since the last underflow.

In the following, the start-up procedure of WT1 is described, because of its
higher relevance from an application point of view. However, all statements
refer also to WTO.

Starting WT1 correctly requires some attention in order to avoid wrong
calculation of the watch time.

If WT1 is used as an extended Watch Timer counter, two steps in the following
order are required:

¢ The counter has to be enabled by setting WT1CTL.WTCE = 1.

* The counter's reload register WT1R has to be set to a non-zero value.

Both actions consume a different amount of input clock cycles to become
effective, as shown in the following diagram.

T

INTWTOUV
S/W counter

WTICTLWTCE _ |

WT1R

N Id—

e

WT1 start

|

\ \

i i

} J

WT1R =0 i
t { }

\

1
2
\
|
\
\
\
! |
stopped \

41 1 -
+ L &
| _ 1 o

—T1
1———F—F-o-1o

1 1
7 8

J

i

|

i

|

|

|

started
f |

Figure 13-3

T

WTCE validation

T T
| WT1R validation |

WT1 start-up timing

To start the counter in a deterministic way, the above actions have to be
synchronized to the WT1 input clock, which is INTWTOUV. For that purpose it
is recommended to maintain a software counter that is increased inside the
INTWTOUYV interrupt service routine. By this means, it is ensured that the
actions are performed at the correct point in time.

Setting WT1CTL.WTCE to 1 enables WT1. The write access can happen at
any time. Due to internal clock synchronization, it takes at least five complete
input clock cycles, that means four INTWTOUV intervals (WTCE validation time
0—>1—>2— 3 — 4) to become effective. After that, WT1 is prepared to
acknowledge the reload value.

S/W counter state “4” indicates that the reload value can be written now
(WT1R > 0). This time, at least three complete input clock cycles (WTR1
validation time 5 —> 6 —> 7 —>8) are required to take over the reload value from
WT1R to the reload buffer and to start counting. At S/W counter state “8” the
counter WT1CNT is preloaded with the WT1R contents.
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As a consequence, register WT1CNT does not show the correct number of
INTWTOUV events after WT1R > 0, but a value of four less:

— 1 INTWTOUV cycle 4 —> 5 taken for the cycle WT1R is written
— 3 INTWTOUV cycles 5 — 6 —> 7 — 8 for WT1R validation time

The above calculation assumes that WT1R is written within one INTWTOUV
cycle, which is highly probable, considering INTWTOUV to be the "one second
tick".

However, it may happen that the write to WT1R is delayed because of other

circumstances (nested interrupts, etc.) and may happen after S/W counter
state 3.

Thus, WT1 would start later, since the 3 clock WTR1 validation time is
maintained.

In order to recognize that situation, read the WT1CNT1 register and compare
its contents with the value written to WT1R. If both are equal, WTR1 has been
written before S/W counter state 3, add four when reading WT1CNT. If they are
not equal check again at next INTWTOUV and add the proper number of
correction cycles.
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13.4 Watch Calibration Timer Registers

The Watch Calibration Timer is controlled by means of the following registers:

Table 13-5 WCT registers overview

Register name Shortcut Address

WCT capture / compare register CRo0O01 <base> + 4y
WCT mode control register TMCO0 <base> + 6
WCT prescaler mode register PRMOQO <base> + 7
WCT capture / compare control register CRCO00 <base> + 8y

Table 13-6 WCT register base address

Timer Base address
WCT FFFF F5EOH
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Initial Value

Access
Address

(1) TMCO00 - WCT mode control register
The 8-bit TMCOO register controls the operation of the WCT.

<base> + 6

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

00y. This register is cleared by any reset.

6 5 4 3 2 1 0
| 0 \ 0 \ 0 | 0 \ TMCO003 | TMC002 0 OVF00
R/W R/W R/W

Table 13-7 TMCOO register contents

Bit position

Bit name

Function

3to2

TMCO0[3:2]

Operation mode selection:

TMCO003

TMCO002 | Operating mode

0

0 Stop mode

0

Free-running mode. Generates interrupt on match

1 between TMO00 and CRO001.

1

X Setting prohibited.

OVF00

Counter overflow indicator:
0: No overflow
1: Overflow occurred

Note 1.

If an attempt is made to change the setting of TMCO00[3:2] while the timer is
running, these bits are cleared and the timer is stopped. If the timer is
stopped, you can change the operation mode.

The OVFO0O bit is set if the counter reaches FFFF and once more if the
counter continues with 0000y. Clearing OVF00 within that time has no

effect.
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(2) PRMO0O - WCT prescaler mode register

The 8-bit PRMOO register is used to select the “valid edge” of INTWTOUYV for

interval measurements.

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

Address <base> + 74

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

7 6 5 4 3
| 0 \ 0 | ES001 | ES000 \ 0 0 0
RW  RW

Table 13-8 PRMO0O register contents

Bit position | Bit name | Function
5t04 ES00[1:0] | Edge selection:
ES001 | ES000 | Valid edge
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges

All other bits are initialized as zero and must not be changed.

Note 1. If both edges of INTWTOUYV are specified as valid, INTWTOUYV interval

measurement is not possible.

2. Stop the timer before changing ES00[1:0].
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)

Access
Address

Initial Value

CRCO00 - WCT capture / compare control register

The 8-bit CRCOO register controls the operation of the capture/compare
register CROO1.

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

<base> + 8

00y. This register is cleared by any reset.

7 6 5 4 3 2 1
| 0 \ 0 \ 0 | 0 \ 0 CRC002 0
R/W R/W R/W

Table 13-9 CRCO0O0 register contents

Bit position

Bit name Function

2

CRCO002

Selects the operation mode of CR001:
0: Operates as a compare register.
1: Operates as capture register.

Note

1. Stop the timer before changing the contents of this register.

2. If both the rising edge and falling edge are specified as valid for the
INTWTOUV signal, the interval measurement does not work.

3. Be sureto setbits 7to3and 1to 0to 0.
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(4) CRO001 - WCT capture / compare register 1

The 16-bit CR001 register can be used as a capture register or as a compare

register. Whether it is used as a capture register or compare register is

specified in bit CRC00.CRC002.

e Compare mode:
In compare mode, the value written to CR001 is continually compared with
the count value of TMOO. If the two values match, the interrupt request
INTTMO1 is generated.

¢ Capture mode:
In capture mode, the count value of TMOO is copied to CR001 upon a valid
edge of INTWTOUV. Then, the interrupt INTTMO1 is generated.
The valid edge of INTWTOUYV can be selected as a capture trigger. The valid
edge is specified in PRM00.ES00[1:0].
In capture mode, a read access to register CR001 is not synchronized with
the counter operation. Read access and register update can occur
simultaneously. If that happens, CR001 holds the correct value, but the
value read is undefined.

Access In compare mode, this register can be read/written in 16-bit units. In capture
mode, it cannot be written.
Address <base> + 4y
Initial Value 0000y. This register is cleared by any reset.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Compare or captured value (captured from TMOO)
R(W)
Note Stop the timer before changing the contents of this register.
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13.5

Setup example

T

Watch Calibration Timer Operation

The Watch Calibration Timer WCT is used to measure the time between two
successive occurrences of the Watch Timer WTO underflow interrupt
INTWTOUV.

The WCT is supplied with the stable clock WCTCLK:
¢ WCTCLK = 4 MHz main oscillator, if PSM.CMODE = 1
¢ WCTCLK =8 MHz PCLK1, if PSM.CMODE =0

For further details refer to “Clock Generator” on page 100.

The measured INTWTOUV interval time gives an indication about the accuracy
of the sub or internal oscillator. A correction value can be calculated to
calibrate WT0O and WT1 by changing their reload values.

The interval measurement can be performed in the WCT free-running
operating mode.

If a timer overflow can occur during the interval measurement, take care for
regarding also the overflow flag TMC00.OVFO0O for calculating the interval
correctly.

The timer operating as a free-running counter performs following actions upon
detection of a the valid edge of INTWTOUV:

* it copies the present counter value of register TM0O to CR001,
¢ it generates the interrupt request INTTMO1.

The valid edge (rising edge, falling edge) is specified in register PRMOO. If both
edges are specified, CR001 cannot perform a capture operation.

TMCO00 = 0000 0100g: Free running mode

CRCO00 = 0000 0100g: CRO001 as capture register with
INTWTOUV as capture signal

PRMO00.ES00[1:0] = 015: Rising edge

The following figure is not to scale but illustrates the operation.

T™M00  Jo000 {00014 ) 1 Do Joo+1) |} D1 Jbo1+1) X FFFF, £ 00004 § 1 D2 | I D3 |

INTWTOUV T 11 I [ T 1 I
CRO001 DO | D1 ’ D2 D3
INTTMO1 [ 1 . , 1 . [

OVF00
(D1 -DO) X Tyyer (10000, - D1+ D2) X Tyoroe (D3 —=D2) X Tyeroin
Figure 13-4 Timing in free-running mode
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As shown in the figure, the interrupt INTTMO1 can be used as a trigger for
reading the register CR001.

The interval duration must be calculated from the difference between the
present and the previous value of CR001.

Note If TMOO overflows between two occurrences of INTWTOUV, that means
between two capture triggers, the overflow flag TMC00.OVFQO is set.
Therefore, check also TMC00.OVF00 when reading the second capture value
in order to calculate the interval correctly, because an overflow may happen
during the measurement.

Consider the chosen periods for INTWTOUV and of WCTCLK.
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The Watchdog Timer is used to escape from a system deadlock or program
runaway. If it is not restarted within a certain time, the Watchdog Timer flows
over and interrupts or even resets the microcontroller.

14.1 Overview

The Watchdog Timer contains an up-counter that is driven by the Watchdog
Timer clock WDTCLK. This clock can be derived from the main oscillator, the
internal oscillator, or the sub oscillator. It’s frequency can be identical with the
frequency of the source clock or a fraction thereof.

Features summary The Watchdog Timer
¢ can generate the non-maskable interrupt NMIWDT

* can generate a hardware reset by means of the internal signal RESWDT

* has a programmable running time (set in terms of 2" multiples of WDTCLK
periods)

* is specially protected against inadvertent setup changes

14.1.1 Description

The following figure shows a simplified block diagram.

Internal bus 2

SYSRES @ @

reset
ﬁ—»wms |WDCSZ|WDCS1|WDCSO| WDTM| RUN |WDTMODE|<LS‘at SYSRESWDT
SYSRESWDT ——

clear l 220/ WDTCLK

WDTCLK —= Counter/Timer

219/ WDTCLK

218/ WDTCLK

217/ WDTCLK Output

control
circuit

NMIWDT

overflow

216/ WDTCLK

RESWDT

Runtime selector

215/ WDTCLK

214/ WDTCLK

213/ WDTCLK

Figure 14-1 Block diagram of the Watchdog Timer
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As shown in the figure, the WDCS register controls the running time and the
WDTM register the operating mode.

The running time can be chosen between 212 and 229 times the period of the
Watchdog Timer clock WDTCLK.

The figure shows also, that the run and mode settings of the WDTM register
are only cleared by SYSRESWDT.

14.1.2 Principle of operation

Before the Watchdog Timer is started, its running time and mode have to be
configured.

The Watchdog Timer has two operating modes:

* Mode 0 (generate non-maskable interrupt NMIWDT)

* Mode 1 (generate reset request RESWDT)

The mode is defined by the bit WDTM.WDTMODE. The mode can only be

changed after SYSRESWDT, that means, after external RESET or Power-On
Clear.

(1) Watchdog Timer mode 0 (generate non-maskable interrupt NMIWDT)

If WDTM.WDTMODE is 0, the Watchdog Timer is in interrupt-request mode.
This is the default after initialization.

Setting bit WDTM.RUN to 1 starts the counter. Without intervention, the timer
will now run until the specified time has elapsed and then generate the non-
maskable interrupt NMIWDT. After that, the counter is reset to zero and starts
counting again.

(2) Watchdog Timer mode 1 (generate reset request RESWDT)
If WDTM.WDTMODE is 1, the Watchdog Timer is in reset-request mode.

Setting bit WDTM.RUN to 1 starts the counter. Without intervention, the timer
will now run until the specified time has elapsed and then generate the internal
RESWDT signal. After that, the counter operation is stopped until the system

reset SYSRES or SYSRESWDT occurs.

(3) Watchdog Timer running

Once it is running, the Watchdog Timer cannot be stopped by software. It can
only be stopped by the reset signal SYSRESWDT. This signal is generated by
the Reset module at power-on and external RESET.

The way to prevent the timer from flowing over is writing to the register WDTM
before the specified time has elapsed. The write access resets the counter to
zero.

14.1.3 Watchdog Timer clock

The Watchdog Timer clock WDTCLK is generated by the Clock Generator. It
can be derived from the main, internal or sub oscillator.

The generation of WDTCLK is controlled by the WCC register of the Clock
Generator.
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Note

14.1.4

SYSRESWDT

SYSRES

Note

In this register, it is possible to choose the main, sub, or internal oscillator as
the clock source (WCC.SOSCW, WCC.WDTSELDO).

You can also choose a suitable frequency divider between 1 and 128
(WCC.WPSJ[2:0]).

WDTCLK is subject to a stand-by mode control. WDTCLK can optionally be
stopped in IDLE, WATCH, Sub-WATCH and STOP mode (WCC.WDTSEL1).

Please refer to “Clock Generator” on page 100 for further details.

Once the timer has been started, do not switch off the selected clock source of
WDTCLK.

When the microcontroller is in HALT mode, the Watchdog Timer remains
active.

The activity in the other power save modes can be specified by the
WCC.WDTSEL1 control bit. By default (WCC.WDTSEL1 = 0), WDTCLK stops
during IDLE, WATCH, Sub-WATCH and STOP mode.

With WCC.WDTSEL1 = 1 WDTCLK operates as long as the selected clock
source operates.

When the WDTCLK resumes operation, the Watchdog Timer is not reset but
continues counting. To prevent a quick and unexpected overflow, it is
recommended to write to WDTM and thus clear the Watchdog Timer counter
before entering one of these power save modes.

Reset behavior

The reset of the Watchdog Timer is controlled by the two reset inputs SYSRES
and SYSRESWDT. The respective signals are generated by the Reset module.
Every reset sets the WDCS register to the longest possible running time.

The watchdog reset SYSRESWDT is used to initialize the Watchdog Timer.
This signal is generated at power-on and after external RESET.

After SYSRESWODT, all registers are set to their reset values, and the timer is
stopped. You have to write the required settings to the WDCS register and may
start the counter. Once the counter has been started, it cannot be
reprogrammed or stopped unless the next reset (SYSRES or SYSRESWDT)
occurs.

SYSRES is generated by all reset sources.

SYSRES does not reset the register WDTM. That means, the timer status
(running or stopped) and mode (generate interrupt or reset request) remain
unchanged.

If the Watchdog Timer was running before SYSRES was released, the counter
is automatically cleared and restarts with the new timing.

1. Every reset clears also the WCC register. That means, the WDTCLK has
the frequency of the 240 kHz internal oscillator. In combination with the

largest time factor (220), this yields a running time of 4.37 s.
2. After any reset, the write protection for WDCS is disabled. WDCS can be

written once to specify a shorter time interval. After that, the WDCS
register is write-protected.
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14.2 Watchdog Timer Registers
The Watchdog Timer is controlled by means of the following registers:
Table 14-1 Watchdog Timer registers overview
Register name Shortcut Address
Watchdog Timer clock selection register WDCS <base>
Watchdog Timer command protection register WCMD <base> + 2y
Watchdog Timer mode register WDTM <base> + 4y
Watchdog Timer command status register WPHS <base> + 6y
The registers WDCS and WDTM are protected against accidental changes. A
special write procedure, employing the WCMD register, ensures that these
registers are not easily rewritten in case of a program hang-up.
Their contents can only be changed after a reset.
In addition, the registers are write-protected when the timer is running. Their
protection status is indicated in the WDTM register.
Table 14-2 WDT register base address
Timer Base address
WDT FFFF F590y
Note Only byte access is supported for the registers WDCS, WCMD and WDTM.
The registers are allocated at even addresses. Thus, they cannot be written by
a consecutive byte write sequence or a consecutive half word or word write
sequence.
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(1) WDCS - WDT clock selection register
The 8-bit WDCS register is used to specify the running time of the Watchdog
Timer.
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 “WCMD - WDT command protection register” on page 402 for

details.

Address <base>
Initial Value 07y. This register is initialized by SYSRESWDT and SYSRES.

7 6 5 4 3 2 1 0

| | | | WDCS2 | WDCS1 | WDCS0
R R R R R R/W R/W R/W

Table 14-3 WDCS register contents

Bit Position Bit Name Function
2t00 WDCS[2:0] | Specifies the running time of the Watchdog Timer
WDCS2 WDCS1 WDCSO0 Running time calculation
0 0 0 213/ fwpTcLk
0 0 1 2%/ fwpTcLk
0 1 0 25/ fworeLk
0 1 1 2'8 / fwoToLk
1 0 0 217 / fwpTcLk
1 0 1 2'8 /fworoLk
1 1 0 2"/ fwoTeLk
1 1 1 220 / fiwpTCLK

Note The WDCS register must be considered in conjunction with the WCC register
of the Clock Generator. The source and frequency of WDTCLK are defined in
the WCC register.

The running time depends on the frequency of the chosen clock. The following
table shows two examples for 4 MHz and 32 KHz.

Table 14-4 Running time examples

Time until overflow
WDCS2 | WDCS1 | WDCSO Calculation | . . . =4 MHz (main | fyprcLk = 32 KHz (sub
oscillator) oscillator)
0 0 0 213/ fWDTCLK 2ms 256 ms
0 0 1 2%/ fwpToLK 41ms 512 ms
0 1 0 2%/ fwoTCLK 8.2 ms 1.02's
0 1 1 218/ fwoTCLK 16.4 ms 2.05s
1 0 0 2'7 I fwoToLK 32.8ms 410s
1 0 1 2"/ fwpTCLK 65.5 ms 8.20's
1 1 0 21/ fwoTCLK 131 ms 16.38 s
1 1 1 220 / fvpToLK 262 ms 32.77s
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These are just two examples for WDTCLK. The actual clock signal depends on
the clock divider settings and the external oscillator resonators.

Note Every reset sets the WDCS register to 07, which means the longest time
interval.
After SYSRESWDT, the timer is always stopped and initialized. You can write a
smaller value to the register.
After SYSRES, the WDTM register is not cleared. If the Watchdog Timer was
running before SYSRES occurred, it remains active. To specify a shorter
interval:
1. Write one byte to the WCMD register (the value is ignored)
2. Immediately after that, write one byte with the desired value of WDCS[2:0]

to the WDCS register

The write operation resets the watchdog counter to zero, and it continues with
the new timing.

Note When the timer is active, WDCS can only be written once after reset. Then, the
register is locked until the next reset occurs (WDTM.LOCK_CS = 1).
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(2) WDTM - WDT mode register

This register sets the operating mode of the Watchdog Timer and enables or
disables counting.

When the Watchdog Timer is running and shall not overflow, it is necessary to
write to WDTM before the specified running time has elapsed.

Access This register can be read/written in 8-bit units. Once the Watchdog Timer is

started (WDTM.RUN = 1), the contents of this register cannot be changed.

Writing to this register is protected by a special sequence of instructions.
Please refer to “WCMD - WDT command protection register” on page 402 for
details.

Address <base> + 4y

Initial Value 00y. This register is cleared by SYSRESWDT. This stops the timer and

unlocks the registers. The register remains unchanged after SYSRES.

7 6 5 4 3 2 1 0
| RUN \ LOCK_TM \ LOCK_CS \ 0 WDTMODE 0 0 0
R/W R R R R/W R R

Table 14-5 WDTM register contents

Bit Position Bit Name Function
7 RUN Watchdog Timer running:
0: Timer stopped
1: Timer running (with the time interval specified in register WDCS)
6 LOCK_TM | WDTM register protection status:
0: Register unlocked
1: Register locked (write-protected)
5 LOCK_CS | WDCS register protection status:
0: Register unlocked
1: Register locked (write-protected)
3 WDTMODE | Watchdog Timer operation mode:
0: Mode 0: Generates the non-maskable interrupt NMIWDT upon overflow
1: Mode 1: Generates RESWDT upon overflow
Note After SYSRESWDT, the timer is always stopped and initialized. You can
change the register contents by writing.
When the timer is running, you can also write to this register, but the write
operation does not change the register contents (WDTM.LOCK_TM = 1).
When the timer is running, the write access resets the counter.
To write to the WDTM register:
1. Write one byte to the WCMD register (the value is ignored).
2. Immediately after that, write one byte to the WDTM register (the value is
ignored).
With this procedure, restarting the counter is always possible, regardless of the
register’s write protection status.
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(3) WCMD - WDT command protection register

The 8-bit WCMD register is write-only. It is used to protect the WDTM and
WDCS registers from unintended writing.

Access This register can be written in 8-bit units.
Address <base> + 2

Initial Value Undefined

7 6 5 4 3 2 1 0
| X ‘ X ‘ X ‘ X X X X X
W W W W W W

Any data written to this register is ignored. Only the write action is monitored.

After writing to the WCMD register, you are permitted to write once to one of
the protected registers. This must be done immediately after writing to the
WCMD register. If the second write action does not follow immediately, the
protected registers are write-locked again. See also “Write Protected
Registers” on page 96.

With this method, the protected registers can only be rewritten in a specific
sequence. lllegal write access to a protected register is inhibited.

The following registers are protected:

* WDCS: Watchdog clock selection register

* WDTM: Watchdog mode control register

An invalid write attempt to one of the above registers sets the error flag
WPHS.WPRERR. WPHS.WPRERR is also set, if a write access to WCMD is
not followed by an access to one of the protected registers.

Data read from the WCMD register is undefined.

Caution In case a high level programming language is used, make sure that the
compiler translates the two write instructions to WCMD and the protected
register into two consecutive assembler “store” instructions.
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Initial Value

Access

Address

(4) WPHS - WDT command status register

The WPHS register monitors the success of a write instruction to the WDTM
and WDCS registers.

If the write operation to WDTM or WDCS failed because WCMD was not

written immediately before writing to WDTM or WDCS, the WPRERR flag is

set.

register is cleared.

<base> + 6

00y. This register is cleared by SYSRESWDT and any write access.

This register can be read/written in 8-bit or 1-bit units. After a write access, the

7 6 5 3
| 0 \ 0 \ 0 \ 0 0 0 WPRERR
R R R R

Table 14-6 WPHS register contents

Bit Position Bit Name Function
0 WPRERR Error flag:
0: No WDTM or WDCS register writing error has occurred
1: AWDTM or WDCS register writing error has occurred
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The V850E/Dx3 - DG3 microcontrollers have following instances of the
universal Asynchronous Serial Interface UARTA:

UARTA All devices
Instances 2
Names UARTAO to UARTA1

Throughout this chapter, the individual instances of UARTA are identified by
“n”, for example, UARTAN, or UANCTLO for the UARTAN control register 0.

15.1 Features
¢ Transfer rate: 300 bps to 1000 kbps (using dedicated baud rate generator)
¢ Full-duplex communication:
— Internal UARTA receive data register n (UAnRX)
— Internal UARTA transmit data register n (UANTX)
e 2-pin configuration:
— TXDAn: Transmit data output pin
— RXDAnN: Receive data input pin
¢ Reception error output function
— Parity error
— Framing error
— Overrun error
* Interrupt sources: 3
— Reception complete interrupt (INTUANR):
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 (INTUANT):
This interrupt occurs upon transfer of transmit data from the transmit
buffer register to the shift register in the transmission enabled status.
— Receive error interrupt (INTUANRE):
This interrupt occurs upon transfer of erroneous receive data.
e Character length: 7, 8 bits
¢ Parity function: Odd, even, 0, none
¢ Transmission stop bit: 1, 2 bits
¢ On-chip dedicated baud rate generator
* MSB-/LSB-first transfer selectable
¢ Transmit/receive data inverted input/output possible
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* 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

15.2 Configuration

The block diagram of the UARTAR is shown below.

S Internal bus S
INTUANT 7\
INTUANR
INTUANRE s (e ——— T A R ——
: Reception unit! :Transmission unit !
1| UAnRX | | UANTX |}
I I | I
A . ! Vi
!'Receive shift ) ! ! . Transmit | !
1 register Reception 1 : Transmission shift register 1
! troll ! troll 1
| controller ! controller |
I I | I
'l Fiter ! : !
| 1 |
| oo I 7] Emare || sosaor | mom
I T g I [y I
1 1 e == A |
'l Selector 1 RXDAn
1 D—] 1
| I
PCLK1 (8MHz) ——
PCLK2 (4MHz) —| § 2
: o3
. 079 |
PCLK8 (62.5kHz) — U,l =
n
UANCTL2 UANCTLO UANSTR UANOPTO

Internal bus

Figure 15-1 Block diagram of Asynchronous Serial Interface UARTAN

Note For the configuration of the baud rate generator, see Figure 15-11 on
page 428.

UARTAN consists of the following hardware units.
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(1) UARTAN control register 0 (UANCTLO)
The UANCTLO register is an 8-bit register used to specify the UARTAN
operation.

(2) UARTAN control register 1 (UANCTL1)
The UANCTL1 register is an 8-bit register used to select the input clock for the
UARTAN.

(3) UARTAN control register 2 (UANCTL2)
The UANnCTL2 register is an 8-bit register used to control the baud rate for the
UARTAN.

(4) UARTAN option control register 0 (UAnNOPTO)
The UAnOPTO register is an 8-bit register used to control serial transfer for the
UARTAN.

(5) UARTAN status register (UANSTR)
The UAnSTRn register consists of flags indicating the error contents when a
reception error occurs. 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 UAnSTR
register.

(6) UARTAN receive shift register
This is a shift register used to convert the serial data input to the RXDAn pin
into parallel data. Upon reception of 1 byte of data and detection of the stop bit,
the receive data is transferred to the UAnRX register.
This register cannot be manipulated directly.

(7) UARTAN receive data register (UAnRX)
The UANRX register is an 8-bit register that holds receive data. When
7 characters are received, 0 is stored in the highest bit (when data is received
LSB first).
In the reception enabled status, receive data is transferred from the UARTAN
receive shift register to the UAnRX register in synchronization with the
completion of shift-in processing of 1 frame.
Transfer to the UAnRX register also causes the reception complete interrupt
request signal (INTUANR) to be output.

(8) UARTAN transmit shift register
The transmit shift register is a shift register used to convert the parallel data
transferred from the UANnTX register into serial data.
When 1 byte of data is transferred from the UANTX register, the shift register
data is output from the TXDAnN pin.
This register cannot be manipulated directly.
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9

15.3

UARTAN transmit data register (UANTX)

The UANTX register is an 8-bit transmit data buffer. Transmission starts when
transmit data is written to the UANnTX register. When data can be written to the
UANTX register (when data of one frame is transferred from the UANTX
register to the UARTAnN transmit shift register), the transmission enable
interrupt request signal (INTUANT) is generated.

UARTA Registers

The asynchronous serial interfaces UARTAnN are controlled and operated by
means of the following registers:

Table 15-1 UARTAN registers overview
Register name Shortcut Address
UARTAR control register 0 UANCTLO <base>
UARTAR control register 1 UANCTL1 <base> + 14
UARTARN control register 2 UANCTL2 <base> + 2y
UARTARN option control register 0 UAnOPTO <base> + 3y
UARTAR status register UANSTR <base> + 4y
UARTAN receive data register UANRX <base> + 6
UARTAN transmit data register UANTX <base> + 7
Table 15-2 UARTAN register base address
Timer Base address
UARTAO FFFF FAOOH
UARTA1 FFFF FA10y4
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(1) UANCTLO - UARTAN control register 0

The UANCTLO register is an 8-bit register that controls the UARTAnN serial
transfer operation.

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

Address <base>

Initial Value 10y. This register is cleared by any reset.

7

6 5 4 3 2 1 0

UANPWR UAnTXE‘UAnRXE‘ UANDIR \ UANPS1 | UANPSO | UANCL | UANnSL

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

Table 15-3 UANCTLO register contents (1/2)

Bit position Bit name Function
7 UANPWR UARTAN operation disable/enable:
0: Disable UARTAnN operation and reset the UARTAN asynchronously
1: Enable UARTAnN operation
The UARTAN operation is controlled by the UAnNPWR bit. The TXDAn pin output
is fixed to high level by clearing the UANPWR bit to O (fixed to low level if
UANOPTO.UANTDL bit = 1).
6 UANTXE Transmit operation disable/enable:
0: Disable transmit operation
1: Enable transmit operation
¢ To start transmission, set the UAnNPWR bit to 1 and then set the UAnTXE bit
to 1.
¢ To stop transmission, clear the UAnTXE bit to 0 and then the UANPWR bit to
0.
¢ To initialize the transmission unit, clear UANTXE bit to 0, wait for two cycles
of the base clock, and then set UAnTXE bit to 1 again. Otherwise,
initialization may not be executed.
5 UANRXE Receive operation disable/enable:
0: Disable receive operation
1: Enable receive operation
¢ To start reception, set the UANPWR bit to 1 and then set the UAnRXE bit to
1.
¢ To stop reception, clear the UANRXE bit to 0 and then the UAnPWR bit to 0.
¢ To initialize the reception unit, clear UANRXE bit to 0, wait for two cycles of
the base clock, and then set UANRXE bit to 1 again. Otherwise, initialization
may not be executed.
4 UANDIR Transfer direction mode specification (MSB/LSB):
0: MSB first transfer
1: LSB first transfer
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Table 15-3 UANCTLO register contents (2/2)
Bit position Bit name Function
3,2 UANPS[1:0] Parity selection
Parity selection during
UANnPS1 UANnPSO
transmission reception
0 No parity output Reception with no parity
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 UAnPWR bit = 0 or the UAnTXE bit =
the UANRXE bit = 0.
e If “Reception with 0 parity” is selected during reception, a parity check is not
performed.
Therefore, since the UAnSTR.UANPE bit is not set, no error interrupt is
output.
e When transmission and reception are performed in the LIN format, clear the
UANnPS1 and UANnPSO bits to 00.
1 UANCL 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 UANPWR bit = 0 or the UANTXE bit
the UAnRXE bit = 0.
0 UANSL Specification of length of stop bit for transmit data
0: 1 bit
1: 2 bits
This register can be rewritten only when the UAnNPWR bit = 0 or the UAnTXE bit
= the UANRXE bit = 0.
Note For details of parity, see “Parity types and operations®on page 426.
(2) UANCTL1 - UARTAN control register 1
The UANCTL1 register is an 8-bit register used to select the input clock for the
UARTAN.
For details, see “UAnCTL1 - UARTAN control register 1 on page 429.
(3) UANCTL2 - UARTAN control register 2
The UANnCTL2 register is an 8-bit register used to control the baud rate for the
UARTAN.
For details, see “UAnCTL2 - UARTAn control register 2“ on page 430.
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(4) UANOPTO - UARTAN option control register 0

The UAnOPTO register is an 8-bit register that controls the serial transfer
operation of the UARTAN register.

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

Address <base> + 3y
Initial Value 14y. This register is cleared by any reset.

7 6 5 4 3 2 1 0
UANSRF | UAnSRT | UAnSTT |UANSBL2|UANSBL1|UANSBLO| UAnTDL | UANRDL
R/wW R/W R/wW R/W R/W R/W R/W R/W

Table 15-4 UANOPTO register contents (1/2)

Bit position Bit name Function

7 UANnSRF SBF reception flag:
0: When the UANCTLO.UANPWR bit = UANCTLO.UANRXE bit = 0 are set.
Also upon normal end of SBF reception.
1: During SBF reception
* SBF (Sync Brake Field) reception is judged during LIN communication.
¢ The UANnSRF bit is held at 1 when an SBF reception error occurs, and then
SBF reception is started again.

6 UANSRT SBF reception trigger:
0: -
1: SBF reception trigger
¢ This is the SBF reception trigger bit during LIN communication, and when
read, “0” is always read. For SBF reception, set the UAnSRT bit (to 1) to
enable SBF reception.

e Set the UAnSRT bit after setting the UANPWR bit = UAnNRXE bit = 1.
5 UANSTT SBF transmission trigger:

0: -

1: SBF transmission trigger 2

e This is the SBF transmission trigger bit during LIN communication, and
when read, “0” is always read.

e Set the UANSTT bit after setting the UANPWR bit = UANTXE bit = 1.

4102 UANSBL[2:0] | SBF transmission length selection:

UANnSBL2 | UAnSBL1 | UAnSBLO | SBF transmission length
1 0 1 13-bit output (default 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 UANPWR bit = 0 or when the UANTXE bit = 0.
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Table 15-4 UANOPTO register contents (2/2)

Bit position Bit name Function

1 UANnTDL Transmit data level bit

0: Normal output of transfer data
1: Inverted output of transfer data
e The output level of the TXDAnN pin can be inverted using the UAnTDL bit.
¢ This register can be set when the UANPWR bit = 0 or when the UANTXE bit
=0.

0 UANnRDL Receive data level bit

0: Normal input of transfer data
1: Inverted input of transfer data

¢ The output level of the RXDAn pin can be inverted using the UAnRDL bit.
e This register can be set when the UANPWR bit = 0 or the UAnRXE bit = 0.

a) Before starting the SBF transmission by UAnOPTO.UANSTT = 1 make sure that no data transfer is ongoing,
that means check that UANSTR.UANTSF = 0.

(5) UANSTR - UARTAN status register
The UANSTR register is an 8-bit register that displays the UARTAnN transfer
status and reception error contents.
Access This register can be read or written in 8-bit or 1-bit units.
Address <base> + 4y
Initial Value 00y. This register is cleared by any reset.
The initialization conditions are shown below.
Register/Bit Initialization conditions
UANSTR register ¢ Reset
e UANCTLO.UANnPWR =0
UANTSF bit e UANCTLO.UANTXE =0
UANPE, UAnFE, UANQOVE bits e 0 write
e UANCTLO.UANRXE =0
7 6 5 4 3 2 1 0
UANTSF| 0 o | o | o UAnPE | UANFE | UAnOVE |
R R/W R/W R/W R/W R/wWa R/w@ R/w@
) These bits can only be cleared by writing, They cannot be set by writing 1 (even if
1 is written, the value is retained).
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Table 15-5 UANSTR register contents
Bit position Bit name Function
7 UANTSF Transfer status flag:

0: — When the UAnPWR bit = 0 or the UANTXE bit = 0 has been set.
— When, following transfer completion, there was no next data transfer
from

UANTX register

1: Write to UANTXB bit

The UANTSF bit is always 1 when performing continuous transmission. When

initializing the transmission unit, check that the UAnTSF bit = 0 before

performing initialization. The transmit data is not guaranteed when initialization

is performed while the UANTSF bit = 1.

2 UANnPE Parity error flag:
0: — When the UAnPWR bit = 0 or the UAnRXE bit = 0 has been set.
— When 0 has been written
1: When parity of data and parity bit do not match during reception.

e The operation of the UAnPE bit is controlled by the settings of the
UANCTLO.UANPS1 and UAnCTLO0.UANPSO bits.

* The UANPE bit can be read and written, but it can only be cleared by writing
0 to it, and it cannot be set by writing 1 to it. When 1 is written to this bit, the
value is retained.

1 UANFE Framing error flag
0: — When the UAnPWR bit = 0 or the UAnRXE 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 UANCTLO.UANSL bit.

e The UANFE bit can be both 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.

0 UANnOVE Overrun error flag
0: — When the UAnPWR bit = 0 or the UAnRXE bit = 0 has been set.
— When 0 has been written
1: When receive data has been set to the UAnRXB 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 UAnQVE 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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(6) UANRX - UARTAN receive data register
The UANRX 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 UAnRX
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 0 of the UANRX register and the MSB
always becomes 0. During MSB-first reception, the receive data is transferred
to bits 7 to 1 of the UANRX register and the LSB always becomes 0.
When an overrun error (UANOVE) occurs, the receive data at this time is not
transferred to the UAnRX register and is discarded.
Access This register can be read only in 8-bit units.
Address <base> + 6y
Initial Value FFy. This register is cleared by any reset.
In addition to reset input, the UANRX register can be set to FFy by clearing the
UANCTLO.UAnPWR bit to 0.
7 6 5 4 3 2 1 0
| Receive data
R
(7) UANTX - UARTAN transmit data register
The UANTX register is an 8-bit register used to set transmit data.
Access This register can be read or written in 8-bit units.
Address <base> + 7y
Initial Value FFy. This register is cleared by any reset.
7 6 5 4 3 2 1 0
Transmit data
R/W
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15.4

M

()

)

Interrupt Request Signals

The following three interrupt request signals are generated from UARTAN:
¢ Reception complete interrupt request signal (INTUANR)

* Receive error interrupt request signal (INTUANRE)

¢ Transmission enable interrupt request signal (INTUANT)

Reception complete interrupt request signal (INTUAnR)

A reception complete interrupt request signal is output when data is shifted into
the receive shift register and transferred to the UAnRX register in the reception
enabled status.

In case of erroneous reception, the reception error interrupt INTUanRE is
generated instead of INTUANR.

No reception complete interrupt request signal is generated in the reception
disabled status.

Receive error interrupt request signal (INTUANRE)

A receive error interrupt request is generated if an error condition occurred
during reception, as reflected by UANSTR.UANPE (parity error flag),
UANSTR.UANFE (framing error flag), UANSTR.UANOVE (overrun error flag).

Note that INTUANR and INTUANRE do exclude each other: upon correct
reception of data only INTUANR is generated. In case of a reception error
INTUANRE is generated only.

Transmission enable interrupt request signal (INTUANT)

If transmit data is transferred from the UANTX register to the UARTARN transmit
shift register with transmission enabled, the transmission enable interrupt
request signal is generated.
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15.5 Operation
15.5.1 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 UANCTLO register.
Moreover, control of UART output/inverted output for the TXDAn bit is
performed using the UANOPTO.UANTDL bit.
e Startbit.....cccvveeeeeeennn. 1 bit
¢ Character bits................ 7 bits/8 bits
e Parity bit ..o, Even parity/odd parity/0 parity/no parity
LIS (o] o J o] | AN 1 bit/2 bits
(1) UARTA transmit/receive data format
(a) 8-bit data length, LSB first, even parity, 1 stop bit, transfer data: 55H
} 1 data frame 1‘
Ser'| Do | o1 [ b2 | D3 | Da | D5 | D6 | D7 Panly|Stop
(b) 8-bit data length, MSB first, even parity, 1 stop bit, transfer data: 55H
} 1 data frame }
Start D Parity | Stop
bit 7| D6 D5 (D4 D3| D2fD1| DO L7550
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(c) 8-bit data length, MSB first, even parity, 1 stop bit, transfer data: 55H,
TXDAnN inversion

1 data frame

Start
bit

D7

D6

D5

D4

D3

D2

D1

DO

Parity
bit

Stop
bit

(d) 7-bit data length, LSB first, odd parity, 2 stop bits, transfer data: 36H

1 data frame

(e) 8-bit data length, LSB first, no parity, 1 stop bit, transfer data: 87H

Start
bit

DO

D1

D2

D3

D4

D5

D6

Parity
bit

Stop
bit

Stop
bit

1 data frame

Start
bit

DO

D1

D2

D3

D4

D5

D6

D7

Stop
bit
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15.5.2

About LIN

Wake-up
signal
frame

SBF transmission/reception format

The UARTA 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 co

mmunication 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.

Synch
break
field

Ident
field

DATA
field

Synch
field

Sleep
bus

[y

Note 3
8 bits

55H Data
transmission transmission

Data Data Data
transmission  transmission transmission

Note 2
Note 1 13 bits

TXDAR (output)

|
I |

A T A

INTUANR
interrupt

|

SBF transmission

Note 4

[ —

Figure 15-2

Note

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 UANOPTO0.UANSBL2 to UANOPTO0.UANSBLO bits. If even finer
output width adjustments are required, such adjustments can be
performed using the UAnCTLNn.UANBRS7 to UANCTLn.UANBRSO bits.

3. 80H transfer in the 8-bit mode is substituted for the wakeup signal frame.
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Sleep
bus

TXDAn (output)

Edge detection

4. A transmission enable interrupt request signal (INTUANT) is output at the
start of each transmission. The INTUANT signal is also output at the start
of each SBF transmission.

Wake-up Synch Check
signal break Synch Ident DATA DATA SumMm
frame field field field field field field

) . | | || || || |

I I

Note 2 Data Data Note 5

13 bits SF reception ID reception  transmission transmission Data transmission
| | || | | | | |
I I

Disable Enable SBF.
reception

Note 3

Reception interrupt (INTUANR) H H H H ’-L
. r Note 1

Capture timer

Note 4

A
Disable >< Enable

Figure 15-3 LIN reception manipulation outline

Note

1.

The wakeup signal is sent by the pin edge detector, UARTAN is enabled,
and the SBF reception mode is set.

The receive operation is performed until detection of the stop bit. Upon
detection of SBF reception of 11 or more bits, normal SBF reception end is
judged, and an interrupt signal is output. 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.

If SBF reception ends normally, an interrupt request signal is output. The
timer is enabled by an SBF reception complete interrupt. Moreover, error
detection for the UANSTR.UANOVE, UANSTR.UANPE, and
UANSTR.UANFE bits is suppressed and UART communication error
detection processing and UARTAN receive shift register and data transfer
of the UAnRX register are not performed. The UARTAN receive shift
register holds the initial value, FFH.

The RXDAnN 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
UANCTL2 register obtained by correcting the baud rate error after dropping
UARTA enable is set again, causing the status to become the reception
status.

Check-sum field distinctions are made by software. UARTAR is initialized
following CSF reception, and the processing for setting the SBF reception
mode again is performed by software.
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15.5.3

Figure 15-4

15.5.4

SBF transmission

When the UAnCTLO.UANPWR bit = UANCTLO.UANTXE bit = 1, the
transmission enabled status is entered, and SBF transmission is started by
setting (to 1) the SBF transmission trigger (UANOPTO.UANSTT bit).

Thereafter, a low level the width of bits 13 to 20 specified by the
UANOPTO0.UANSBL2 to UANOPTO0.UANSBLO bits is output. A transmission
enable interrupt request signal (INTUANT) is generated upon SBF
transmission start. Following the end of SBF transmission, the UANSTT 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
UANTX register, or until the SBF transmission trigger (UANSTT bit) is set.

Stop

|1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘13 bit

INTUANT |_|
interrupt T

Setting of UAnSTT bit

SBF transmission

SBF reception

The reception enabled status is achieved by setting the UANCTLO.UANPWR bit
to 1 and then setting the UANCTLO.UANRX bit to 1.

The SBF reception wait status is set by setting the SBF reception trigger
(UANOPTO.UANSTR bit) to 1.

In the SBF reception wait status, similarly to the UART reception wait status,
the RXDAn pin is monitored and start bit detection is performed.

Following detection of the start bit, reception is started and the internal counter
counts up according to the set baud rate.

When a stop bit is received, if the SBF width is 11 or more bits, normal
processing is judged and a reception complete interrupt request signal
(INTUANR) is output. The UANOPTO0.UANSRF bit is automatically cleared and
SBF reception ends. Error detection for the UANSTR.UANOVE,
UANSTR.UANPE, and UANSTR.UANFE bits is suppressed and UART
communication error detection processing is not performed. Moreover, data
transfer of the UARTAN reception shift register and UANRX 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 UANSRF bit is not cleared at
this time.
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(a) Normal SBF reception (detection of stop bit in more than 10.5 bits)

UANnSRF
INTUANR
interrupt
(b) SBF reception error (detection of stop bit in 10.5 or fewer bits)
1‘2‘3‘4‘5‘6‘7‘8‘9‘10
10.5

UAOSRF

INTUANR

interrupt
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15.5.5 UART transmission

A high level is output to the TXDAnN pin by setting the UAnCTLO.UAnPWR bit to
1.

Next, the transmission enabled status is set by setting the UANCTLO.UANTXE
bit to 1, and transmission is started by writing transmit data to the UAnTX
register. The start bit, parity bit, and stop bit are automatically added.

Since the CTS (transmit enable signal) input pin is not provided in UARTAN,
use a port to check that reception is enabled at the transmit destination.

The data in the UANTX register is transferred to the UARTAN transmit shift
register upon the start of the transmit operation.

A transmission enable interrupt request signal (INTUANT) is generated upon
completion of transmission of the data of the UAnTX register to the UARTAN
transmit shift register, and thereafter the contents of the UARTAN transmit shift
register are output to the TXDAnN pin.

Write of the next transmit data to the UAnTX register is enabled by generating
the INTUANT signal.

Start Parity| Stop
bit DO D1 D2 D3 D4 D5 D6 D7 bit bit

INTUANT _‘

Note LSB first
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15.5.6 Continuous transmission procedure

UARTAN can write the next transmit data to the UAnTX register when the
UARTAN transmit shift register starts the shift operation. The transmit timing of
the UARTAN transmit shift register can be judged from the transmission enable
interrupt request signal (INTUANT).

An efficient communication rate is realized by writing the data to be transmitted
next to the UANnTX register during transfer.

Caution During continuous transmission execution, perform initialization after checking
that the UAnSTR.UANTSF bit is 0. The transmit data cannot be guaranteed
when initialization is performed while the UANTSF bit is 1.

C = O

Register settings

UANTX write

Occurrence of transmission
interrupt?

Required number of
writes performed?

-

Figure 15-5 Continuous transmission processing flow
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TXDAN , \Start," Data (1) '\;'Parity’ Stop \Start :' Data (2) 'g'Parity/ Stop \Start
UANTX X

Data (1) X Data (2) X

Data (3)
Transmission

) y
shift register X Data (1) X Data (2)

INTUANT |_| | |
UANTSF

Figure 15-6 Continuous transmission operation timing —transmission start

UATTXD Parity Stop | Start; Data (n—1) ::Parity, Stop \Start ; Data(n) ::Parity’ Stop
UANTX Data (n—1) X Data (n) \
Transmission
shift register

Data (n) / FF
INTUANT

X
1 \

:
T
[

UANPWR or UANnTXE bit

-

Figure 15-7 Continuous transmission operation timing—transmission end
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15.5.7

Figure 15-8

Caution

UART reception

The reception wait status is set by setting the UAnNCTLO.UAnPWR bit to 1 and
then setting the UAnCTLO.UANRXE bit to 1. In the reception wait status, the
RXDAn pin is monitored and start bit detection is performed.

Start bit detection is performed using a two-step detection routine.

First the rising edge of the RXDAnN pin is detected and sampling is started at
the falling edge. The start bit is recognized if the RXDAn pin is low level at the
start bit sampling point. After a start bit has been recognized, the receive
operation starts, and serial data is saved to the UARTAnN receive shift register
according to the set baud rate.

When the reception complete interrupt request signal (INTUANR) is output
upon reception of the stop bit, the data of the UARTAN receive shift register is
written to the UAnRX register. However, if an overrun error (UANSTR.UANOVE
bit) occurs, the receive data at this time is not written to the UAnRX register
and is discarded.

Even if a parity error (UAnSTR.UANPE bit) or a framing error (UANSTR.UAnFE
bit) occurs during reception, reception continues until the reception position of
the first stop bit, and INTUANR is output following reception completion.

Start Parity | Stop
it | PO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | L7 (%0

INTUANR

UAnRX K

UART reception

1. Be sure to read the UAnRX register even when a reception error occurs. If
the UANRX register is not read, an overrun error occurs during reception of
the next data, and reception errors continue occurring indefinitely.

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 UAnRX register after the reception
complete interrupt request signal (INTUANR) has been generated, and clear
the UAnNPWR or UANRXE bit to 0. If the UAnNPWR or UAnRXE bit is cleared
to 0 before the INTUANR signal is generated, the read value of the UANRX
register cannot be guaranteed.
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4. If receive completion processing (INTUANR signal generation) of UARTAN
and the UAnPWR bit = 0 or UANRXE bit = 0 conflict, the INTUANR signal
may be generated in spite of these being no data stored in the UAnRX

register.

To complete reception without waiting INTUANR signal generation, be sure
to clear (0) the interrupt request flag (UANnRIF) of the UANRIC register, after
setting (1) the interrupt mask flag (UAnRMK) of the interrupt control register
(UANRIC) and then set (1) the UANPWR bit = 0 or UAnNRXE bit = 0.

15.5.8 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
UANSTR register and a reception error interrupt request signal (INTUANRE) is
output when an error occurs.

It is possible to ascertain which error occurred during reception by reading the
contents of the UANSTR register.

Clear the reception error flag by writing O to it after reading it.

Table 15-6 Reception error causes

Error flag Reception error | Cause

UANnPE Parity error Received parity bit does not match the setting

UANFE Framing error Stop bit not detected

UANnOVE Overrun error Reception of next data completed before data was read from
receive buffer

Note Note that even in case of a parity or framing error, data is transferred from the
receive shift register to the receive data register UANRX. Consequently the
data from UAnRX must be read. Otherwise an overrun error UAnSTR.UANOVE
will occur at reception of the next data.

In case of an overrun error, the receive shift register data is not transferred to
UANRX, thus the previous data is not overwritten.
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15.5.9

Caution

O

()

3)

4)

Parity types and operations

When using the LIN function, fix the UAnPS1 and UANnPSO bits of the
UANCTLO register to 00.

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

¢ 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

e 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 bit is O 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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15.5.10 Receive data noise filter

This filter samples the RXDAnN pin using the base clock of the prescaler output.

When the same sampling value is read twice, the match detector output
changes and the RXDAn 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 428 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

n Q

RXDAn —]

In

Internal signal B

1 Match
.| detector

In

LD_EN

= Internal signal C

Figure 15-9 Noise filter circuit

RXDAnR (input)

Internal signal A

Base clock

Internal signal B

Match

Internal signal C

A A
Mismatch Mﬁ{tCh
(judged as noise)

)

A
Mismatch
(judged as noise)

Figure 15-10 Timing of RXDAn signal judged as noise
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Figure 15-11

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 UARTAN. 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.

15.6.1 Baud Rate Generator configuration

UANPWR

PCLK1 —=
PCLK2 ——
PCLK3 —=
PCLK4 —=
PCLKS —=
PCLK6 ——
PCLK7 ——
PCLK8 ——=

Selector

UANPWR, UANTXEn bus (or UANRXE bit)

|

8-bit counter

fuctk

12

Match detector

UANCTLA1:

UANCKS2 to UAnCKSO0

UANCTL2:
UANBRS7 to UANBRS0

(a) Base clock

When the UANCTLO.UANPWR bit is 1, the clock selected by the
UANCTL1.UAnCKSJ2:0] bits is supplied to the 8-bit counter. This clock is
called the base clock. When the UANPWR bit = 0, fucik is fixed to the low

level.

Configuration of baud rate generator

(b) Serial clock generation

Baud rate

A serial clock can be generated by setting the UAnCTL1 register and the
UANCTL2 register.

The base clock is selected by UANCTL1.UANCKS2 to UANCTL1.UANCKSO

bits.

The frequency division value for the 8-bit counter can be set using the
UANCTL2.UAnBRSJ[7:0] bits.
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15.6.2 Baud Rate Generator registers
(1) UANCTL1 - UARTAN control register 1
The UANnCTL1 register is an 8-bit register that selects the UARTAnN base clock.
Access This register can be read or written in 8-bit units.
Address <base> + 1y
Initial Value 00y. This register is cleared by any reset.
5 4 2
0 0 UANCKS2|UAnCKS1|UANCKSO
R R R R/W R/W
Caution Clear the UANCTLO.UANPWR bit to 0 before rewriting the UANCTL1 register.

Table 15-7 UANCTL1 register contents

Bit position Bit name Function
2t00 UANnCKS[2:0] | Base clock fyc k selection:
UANCKS2 | UAnCKS1 | UAnCKSO | Base clock fycpk
0 0 0 PCLK1
0 0 1 PCLK2
0 1 0 PCLK3
0 1 1 PCLK4
1 0 0 PCLK5
1 0 1 PCLK®6
1 1 0 PCLK7
1 1 1 PCLK8
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(2) UANCTL2 - UARTAN control register 2
The UANCTL2 register is an 8-bit register that selects the baud rate (serial
transfer speed) clock of UARTAN.
Access This register can be read or written in 8-bit units.
Address <base> + 1y
Initial Value FFy. This register is cleared by any reset.
7 6 5 4 3 2 1 0
UANnBRS7|UANBRS6|UANBRS5|UANBRS4|UANBRS3{UANBRS2|UANBRS1|UANBRSO
R R R R R R/W R/W R/W
Caution Clear the UAnNCTLO.UANPWR bit to 0 or clear the UAnTXE and UAnRXE bits
to 00 before rewriting the UAnCTL2 register.
Table 15-8 UANCTL2 register contents
Bit position Bit name Function
2t00 UANBRS[7:0] | Serial clock setting
UAn | UAn | UAn | UAn | UAn | UAn | UAn | UAn
BR | BR | BR | BR | BR | BR | BR | BR k | Serial clock
S7 | S6 | S5 | S4 | S3 | S2 | S1 | SO
0 0 0 0 0 0 X X x | Setting
prohibited
1 0 0 4 | fyuck/4
1 0 1 5 | fuck/5
1 1 0 6 |fuck/®
1 1 1 1 1 1 0 0 | 252 |fycLk/252
1 1 1 1 1 1 0 1 | 253 |fycLk/253
1 1 1 1 1 1 1 0 | 254 | fycLk/254
1 1 1 1 1 1 1 1 | 255 | fycLk/255
Note fucwk: clock frequency selected by UANCTL1.UANCKS[2:0]
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15.6.3 Baud rate calculation
The baud rate is obtained by the following equation.
fucik
Baud rate = Dok [bps]
fucLk = Frequency of base clock selected by the UANCTL1.UANCKS[2:0]
k= Value set using the UANCTL2.UAnBRS[7:0] bits
(k=4,5,6, ..., 255)
15.6.4 Baud rate error
The baud rate error is obtained by the following equation.
Actual baud rate (baud rate with error)
E %) = —1 100 [%
rror (%) ( Target baud rate (correct baud rate) ) 8 %l
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
chapter “Allowable baud rate range during reception” on page 432.
Example Base clock frequency = 8MHz
Setting value of
- UAnDTL1.UANnCKSJ[2:0] = 001B (PCLK2 = 4MHz)
- UANCTL2.UANBRS[7:0] = 0000 1101B (k = 13)
Target baud rate = 153,600 bps
Baud rate =4MHz/ (2 x 13) = 153,846 [bps]
Error = (153,846/153,600 — 1) x 100
= 0.160 [%]
15.6.5 Baud rate setting example
Table 15-9 Baud rate generator setting data (1/2)
Target Effective
baud rate UANCTLA1 UANCTL2 baud rate Baud :;t;a error
[bps] Selector Divider Divider k [bps] >
300 07H 128 68H 104 300.48 0.16
600 07H 128 34H 52 600.96 0.16
1,200 07H 128 1AH 26 1,201.92 0.16
2,400 07H 128 ODH 13 2,403.85 0.16
4,800 06H 64 ODH 13 4,807.69 0.16
9,600 05H 32 ODH 13 9,615.38 0.16
19,200 04H 16 ODH 13 19,230.77 0.16
31,250 0O5H 32 04H 4 31,250.00 0.00
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Table 15-9 Baud rate generator setting data (2/2)

38,400 03H 8 ODH 13 38,461.54 0.16
76,800 02H 4 ODH 13 76,923.08 0.16
153,600 01H 2 ODH 13 153,846.15 0.16
312,500 00H 1 ODH 13 307,692.31 -1.54
Note Table 15-9 assumes normal operation mode, i.e. PCLK1 = 8 MHz.
15.6.6 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
\Y% Y% Y4 v Y% {7
\
UARTn \ Start bit /< Bit 0 X Bit1 \ Bit7 XParity bity Stop bit \
transfer rate
FL

1 data frame (11 x FL)

Minimum \ ) . . >< x ) o [

allowable Start bit /< Bit 0 X Bit 1 Bit 7 X Parity b|t>/ Stop b|t\
transfer rate

FLmin

Maximum \ Start bit /< Bit 0 X Bit 1 Bit 7 XParity bity Stop bit

allowable
transfer rate

FLmax

Figure 15-12 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 UANCTL2 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.
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When this is applied to 11-bit reception, the following is the theoretical result.

FL = (Brate)™
Brate: UARTAN baud rate
k: Setting value of UANCTL2.UANBRS[7:0]
FL: 1-bit data length

Latch timing margin: 2 clocks

Minimum allowable transfer rate:

k-2 21k +2
FLmin—11><FL— 5k xFL = oK x FL
Therefore, the maximum baud rate that can be received by the destination is

as follows.

22k
21k +2

BRmax = (FLmin/11)"" = x Brate

Similarly, obtaining the following maximum allowable transfer rate yields the
following.

10 k+2 21k -2

11xFLmax_11><FL— oK xFL = oK x FL
21k -2

FLmax = 20K x FLx 11

Therefore, the minimum baud rate that can be received by the destination is as
follows.

20k

k-2 x Brate

BRmin = (FLmax/11)_1 =

Obtaining the allowable baud rate error for UARTAN and the destination from
the above-described equations for obtaining the minimum and maximum baud
rate values yields the following.

Table 15-10 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%

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 UANCTL2.UANBRS[7:0]
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15.6.7 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 /< Bit 0 X Bit 1 x x Bit 7 XParity bit y Stop bit \ Start bit A Bit 0 x
FL FL FL FL FL Flstp  FL FL

Figure 15-13 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/fucLk)
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15.7

15.7.1

15.7.2

Reception

Transmission

Cautions

UARTAN behaviour during and after power save mode

When the clock supply to UARTAn is stopped (for example, in IDLE or STOP
mode), the operation stops with each register retaining the value it had
immediately before the clock supply was stopped. The TXDAn 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 UAnCTLO.UANPWR, UAnCTLO.UANRXEn, and
UANCTLO.UANTXEn bits to 000.

UARTAnN behaviour during debugger break

The UARTAN continues to operate in debugger break-mode, provided all
clocks are continuing.

When the UARTAR is in reception mode and an external device is sending data
during debugger break-mode the UARTAn may produce an overflow error as it
continues to receive data during break-mode.

Thus the overflow error flag UAnSTR.UANOVE may be set and the reception
error interrupt INTUANRE may be generated. Further all following received
data are discarded.

Note that the reception error interrupt INTUANRE will not be served during
break-mode, but after resuming run-mode, provided the interrupt controller is
configured accordingly.

If the debugger’s break-mode is entered while the UARTAN is transmitting data,
the transmission is completed, and finally a transmission enable interrupt
request INTUANT is generated.

Note that the transmission enable interrupt INTUANT will not be served during
break-mode, but after resuming run-mode, provided the interrupt controller is
configured accordingly.

15.7.3 UARTAN operation stop
If both of the following actions in UARTAN happen at the same time the
INTUANR signal may be generated inadvertently and no data is stored in the
UANRX register:
¢ INTUANR is generated due to completion of a serial receive operation,
¢ UANnPWR bit or UANRXE bit is cleared (set to 0).
Workaround To avoid the generation of the INTUANR signal when UANPWR bit or UANRXE
bit is cleared (set to 0) do the following:
1. Set (setto 1) the interrupt mask flag (UANRMK) of the interrupt control
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register (UANRIC),
2. Clear (set to 0) the UANPWR bit or UANRXE bit,
3. Clear (set to 0) the interrupt request flag (UANRIF) of the UANRIC register.
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The V850E/Dx3 - DG3 microcontrollers have following instances of the clocked
serial interface CSIB:

CSIB All devices
Instances 2
Names CSIBO to CSIB1

Throughout this chapter, the individual instances of clocked serial interface are
identified by “n”, for example CSIBn, or CBnCTLO for the control register 0 of
CSiBn.

16.1 Features

e Transfer rate: 8 Mbps to 2 kbps (using dedicated baud rate generator)
The maximum transfer rate is the maximum transfer rate of the digital
circuitry. It does neither regard any output buffer driver strength limitation nor
the external capacitive load. Both might reduce the practically achievable
maximum baud rate.

* Master mode and slave mode selectable

¢ 8-bit to 16-bit transfer, 3-wire serial interface

* 3interrupt request signals (INTCBnT, INTCBnR, INTCBnRE)

¢ 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 SOBnN: Serial data output
SIBn: Serial data input
SCKBn: Serial clock input/output

Transmission mode, reception mode, and transmission/reception mode
specifiable

¢ Dedicated baud rate generator for each interface instance

¢ Modulated and stable clock sources available
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16.2 Configuration

The following shows the block diagram of CSIBn.

Internal bus

CBnCTL1

SPCLK1 (8 MHz)

BRGn
Note [

PCLK1 (8 MHz)
PCLK2 (4 MHz)
PCLK3 (2 MHz)
PCLK4 (1 MHz)
PCLK5 (500 KHz)
PCLK6 (250 KHz)

Selector

SCKBn @j

AN @ @

| CBnCTLO | | CBnCTL2 |

—

INTCBNnT

Controller

INTCBNnR

INTCBnRE

SiBn ©

Figure 16-1

Note The clock is generated by the dedicated baud rate generator BRGn.

SO latch |

Phase
control

—~© SOBn

Block diagram of CSIBn
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16.3 CSIB Control Registers

The clocked serial interfaces CSIBn are controlled and operated by means of
the following registers:

Table 16-1 CSIBn registers overview

Register name Shortcut Address
CSIBn control register 0 CBnCTLO <base>
CSIBn control register 1 CBnCTLA <base> + 1y
CSIBn control register 2 CBnCTL2 <base> + 2,
CSIBn status register CBnSTR <base> + 3
CSIBn receive data register CBnRX <base> + 4y
CSIBn transmit data register CBnTX <base> + 6y

Table 16-2 CSIBn register base address

Timer Base address
CSIBO FFFF FDOOy
CSIB1 FFFF FD10y4
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1)

CBnCTLO - CSIBn control register 0

CBnCTLO is a register that controls the CSIBn serial transfer operation.

Access This register can be read/written in 8-bit or 1-bit units.
Address <base>
Initial Value 01y. This register is cleared by any reset.
7 6 5 4 3 2 1 0
CBnPWR [CBnTXE?|CBnRXE?3| CBnDIR? 0 0 CBnTMS?| CBnSCE
R/W R/W R/W R/W R/W R/W R/W R/W
a) These bits can only be rewritten when the CBnPWR bit = 0. However, CBnhPWR
bit = 1 can also be set at the same time as rewriting these bits.
Table 16-3 CBnCTLO register contents (1/2)
Bit position Bit name Function
7 CBnPWR CSIBn operation disable/enable:
0: Disable CSIBn operation and reset the CSIBn registers
1: Enable CSIBn operation
The CBnPWR bit controls the CSIBn operation and resets the internal circuit.
6 CBnTXE Transmit operation disable/enable:
0: Disable transmit operation
1: Enable transmit operation
The SOBnN output is low level when the CBnTXE bit is 0.
5 CBnRXE Receive operation disable/enable:
0: Disable receive operation
1: Enable receive operation
When the CBnRXE bit is cleared to 0, no reception complete interrupt is output
even when the prescribed data is transferred in order to disable the receive
operation, and the receive data (CBnRX register) is not updated.
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Table 16-3 CBNCTLO register contents (2/2)

Bit position

Bit name

Function

4

CBnDIR

Transfer direction mode specification (MSB/LSB):
0: MSB first transfer
1: LSB first transfer

CBnTMS

Transfer mode specification (MSB/LSB):
0: Single transfer mode
1: Continuous transfer mode

CBnSCE

Specification of start transfer disable/enable:
0: Communication start trigger invalid
1: Communication start trigger valid
* In master mode
This bit enables or disables the communication start trigger.
(a)In single transmission or transmission/reception mode, or continuous
transmission or continuous transmission/reception mode
A communication operation can be started only when the CBnSCE bit is
1.
Set the CBnSCE bit to 1.
(b)In single reception mode
Clear the CBnSCE bit to 0 before reading the receive data
(CBNnRX register).
If the CBnSCE bit is read while it is 1, the next communication operation
is started.
(c)In continuous reception mode
Clear the CBnSCE bit to 0 one communication clock before reception of
the last data is completed
The CBnSCE bit is not cleared to 0 one communication clock before the
completion of the last data reception, the next communication operation
is automatically started.
¢ In slave mode
This bit enables or disables the communication start trigger.
Set the CBnSCE bit to 1.
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(2) CBNCTL1 - CSIBn control register 1
CBNCTL1 is an 8-bit register that controls the CSIBn serial transfer operation.
Access This register can be read/written in 8-bit or 1-bit units.
Address <base> + 1y
Initial Value 00y. This register is cleared by any reset.
5 4 3 2 1 0
0 0 0 CBnCKP | CBnDAP |CBnCKS2|CBnCKS1|CBnCKSO0
R/W R/W R/W R/W R/W R/W R/W R/W
Caution The CBnCTL1 register can be rewritten only when the
CBnCTL0.CBnPWR bit = 0.
Table 16-4 CBNCTL1 register contents
B.'t. Bit name Function
position
4 CBnCKP Specification of data transmission/reception timing in relation to SCKBn.
3 CBnDAP Refer to Table 16-5.
2t00 CBnCKS[2:0] | Communication clock setting
CBnCK | CBnCK | CBnCK | Communication clock Mode
S2 S1 SO
0 0 0 fBRGn Master
0 0 1 fPCLK1 Master
0 1 0 fPCLK2 Master
0 1 1 fPCLKS Master
1 0 0 fPCLK4 Master
1 0 1 fPCLK5 Master
1 1 0 fPCLKS Master
1 1 1 External clock SCKBn Slave
R0O1UH0027ED0420 Rev. 4.20 RENESAS 442

User Manual



Chapter 16

Clocked Serial Interface (CSIB)

Table 16-5 Specification of data transmission/reception timing in relation to SCKBn

Communication type CBnCKP | CBnDAP | SIBn/SOBN timing in relation to SCKBn
Communication type 1 0 0
sckeno) LTI TLTLILILILT
SOBn (output) (D7 X D6 Y D5 \ D4 } D3 \ D2 { D1
SIBn capture L S S SR R S N ¥
Communication type 2 0 1
soken o) LI LML LML LML
SOBn (outputy X D7 X D6 X D5 X D4 X D3 X D2 X D1
SEAESITCN S S A S S A
Communication type 3 1 0
seren o) __ [ LML ML LML
(output) (D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO
S1Bn capture L S S S S S S
Communication type 4 1 1
serenwo) [T MMM LML L
(output) __ X D7 X D6 X D5 X D4 X D3 X D2 X D1
sBncaptre  +t 4 F 4 4 4
R0O1UH0027ED0420 Rev. 4.20 :{ENESAS 443

User Manual



Chapter 16 Clocked Serial Interface (CSIB)
(3) CBNCTL2 - CSIBn control register 2
CBnCTL2 is an 8-bit register that controls the number of CSIBn serial transfer
bits.
Access This register can be read/written in 8-bit units.
Address <base> + 2,
Initial Value 00y. This register is cleared by any reset.
5 4 3 2 1 0
0 0 0 CBnCL3 | CBnCL2 | CBnCL1 | CBnCLO
R/W R/W R/W R/W R/W R/W R/W R/W
Caution The CBnCTL2 register can be rewritten only when the
CBnCTL0.CBnPWR bit = 0 or when both the CBnTXE and CBnRXE bits = 0.
Table 16-6 CBNCTL2 register contents
B't Bit name Function
position
3100 CBnCL[3:0] Number of serial transfer bits
CBnCL3 | CBnCL2 | CBnCL1 | CBnCLO | Number of serial transfer
bits
0 0 0 0 8 bits
0 0 0 1 9 bits
0 0 1 0 10 bits
0 0 1 1 11 bits
0 1 0 0 12 bits
0 1 0 1 13 bits
0 1 1 0 14 bits
0 1 1 1 15 bits
1 X X X 16 bits
Note If the number of transfer bits is other than 8 or 16, prepare and use data stuffed
from the LSB of the CBnTX and CBnRX registers.
RO1UH0027ED0420 Rev. 4.20 RENESAS 444

User Manual



Chapter 16 Clocked Serial Interface (CSIB)

(a) Transfer data length change function

The CSIBn transfer data length can be set in 1-bit units between 8 and 16
bits using the CBnCTL2.CBnCL3 to CBnCTL2.CBnCLO bits.

When the transfer bit length is set to a value other than 16 bits, set the data
to the CBnTX or CBnRX register starting from the LSB, regardless of
whether the transfer start bit is the MSB or LSB. Any data can be set for the
higher bits that are not used, but the receive data becomes 0 following
serial transfer.

SOBn
SIBn

Insertion of 0

Figure 16-2 (i) Transfer bit length = 10 bits, MSB first

SIBn SOBn
15 12 11 0
E Insertion of 0

Figure 16-3 (ii) Transfer bit length = 12 bits, LSB first
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(4) CBnNSTR - CSIBn status register
CBnSTR is an 8-bit register that displays the CSIBn status.

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

Address <base> + 3y

Initial Value 00y. This register is cleared by any reset.
In addition to reset input, the CBnSTR register can be initialized by clearing the

CBnCTL0.CBnPWR bit to 0.
7 6 5 4 3 2 1 0
CBnTSF 0 0 0 0 0 0 CBnOVE
R R/W R/W R/W R/W R/W R/W R/W

Table 16-7 CBNSTR register contents

Bit

position Bit name Function

7 CBnTSF Communication status flag

0: Communication stopped

1: Communicating
During transmission, this register is set when data is prepared in the CBnTX
register, and during reception, it is set when a dummy read of the CBnRX
register is performed.
When transfer ends, this flag is cleared to O at the last edge of the clock.

0 CBnOVE Overrun error flag
0: No overrrun
1: Overrun

* An overrun error occurs when the next reception starts without performing
a CPU read of the value of the receive buffer, upon completion of the
receive operation.

The CBnOVE flag displays the overrun error occurrence status in this
case.

e The CBnOVE flag is cleared by writing 0 to it. It cannot be set even by
writing 1 to it.

Note In case of an overrun error, the reception error interrupt INTCBnRE behaves
different, depending on the transfer mode:

¢ Continuous transfer mode
The reception error interrupt INTCBnRE is generated instead of the
reception completion interrupt INTCBnR.

* Single transfer mode
No interrupt is generated.

In either case the overflow flag CBNnSTR.CBnOVE is set to 1 and the previous
data in CBnRX will be overwritten with the new data.
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(5) CBnNRX - CSIBn receive data register
The CBnRX register is a 16-bit buffer register that holds receive data.
Access This register can be read-only in 16-bit units.
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.
Address <base> + 4y
Initial Value 0000y. This register is cleared by any reset.
In addition to reset input, the CBnRX register can be initialized by clearing (to
0) the CBnPWR bit of the CBnCTLO register.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| Receive data
R
The receive operation is started by reading the CBnRX register in the
reception enabled status.
(6) CBNTX - CSIB transmit data register
The CBnTX register is a 16-bit buffer register used to write the CSIBn transfer
data.
Access This register can be read/written in 16-bit units.
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.
Address <base> + 6y
Initial Value 0000y. This register is cleared by any reset.
In addition to reset input, the CBnTX register can be initialized by clearing (to
0) the CBnPWR bit of the CBnCTLO register.
i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| Transmit data
R/W
The transmit operation is started by writing data to the CBnTX register in the
transmission enabled status.
Note The communication start conditions are shown below:
¢ 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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16.4 Operation

16.4.1 Single transfer mode (master mode, transmission/reception
mode)
MSB first (CBnCTLO0.CBnDIR bit = 0), communication type 1 (see 16.4 (2)
CSIBn control register 1 (CBnCTL1), transfer data length = 8 bits
(CBnCTL2.CBNnCL3 to CBnCTL2.CBnCLO bits = 0, 0, 0, 0)
CBnTX write (55H) CBnRX read (AAH)
SCKBn
CBnTX 55H (transmit data)
Shift register ABH 56H X ADH 5AH B5H X 6AH D5H AAH 00H
CBnRX AAH  XO0OH
INTCBnRNoe
CBNnTSF
CBNnSCE
SIBn 1 0 1 0 1 0 1 0 |(AAH)
SOBn 0 1 0 1 0 1 0 1 |(55H)
() ® 0®
(1) Clear the CBnCTL0.CBnPWR bit to 0.
(2) Setthe CBnCTL1 and CBnCTL2 registers to specify the transfer mode.
(8) Setthe CBnTXE, CBnRXE, and CBnSCE bits of the CBnCTLO register to
1 at the same time as specifying the transfer mode using the CBnDIR bit,
to set the transmission/reception enabled status.
(4) Setthe CBnPWR bit to 1 to enable the CSIBn operation.
(5) Write transfer data to the CBnTX register (transmission start).
(6) The reception complete interrupt request signal (INTCBnNR) is output.
(7) Read the CBnRX register before clearing the CBnPWR bit to 0.
(8) Check that the CBnSTR.CBNTSF bit = 0 and set the CBnPWR bit to 0 to
stop operation of CSIBn (end of transmission/reception).
To continue transfer, repeat steps (5) to (7) before (8).
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Note

Caution

In transmission mode or transmission/reception mode, communication is not
started by reading the CBnRX register.

1. Insingle transmission or single transmission/reception mode, the INTCBnT
signal is not generated. When communication is complete, the INTCBnR
signal is generated.

2. The processing of steps (3) and (4) can be set simultaneously.

In case the CSIB interface is operating in
e single transmit/reception mode (CBnCTL0.CBnTMS = 0)
° communication type 2 respectively type 4 (CBnCTL1.CBnDAP = 1)

pay attention to following effect:

In case the next transmit should be initiated immediately after the occurrence
of the reception completion interrupt INTCBnNR any write to the CBnTX register
is ignored as long as the communication status flag is still reflecting an ongoing
communication (CBnTSF = 1). Thus the new transmission will not be started.

For transmitting data continuously use one of the following options:

* Use continuous transfer mode (CBNnCTLO0.CBnTMS = 1).

e |f single transfer mode (CBnCTLO0.CBnTMS = 0) should be used,
CBnSTR.CBnTSF = 0 needs to be verified before writing data to the
CBnTX register.
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16.4.2 Single transfer mode (master mode, reception mode)
MSB first (CBnCTLO0.CBnDIR bit = 0), communication type 1 (see 16.4 (2)
CSIBn control register 1 (CBnCTL1), transfer data length = 8 bits
(CBnCTL2.CBNnCL3 to CBnCTL2.CBnCLO bits =0, 0, 0, 0)
CBNnTX write (55H) CBnRX read (AAH)
SCKBn
CBnRX 55H (receive data) AAH 00H
Shift register ABH 56H ADH 5AH B5H 6AH D5H AAH  X0OH
INTCBnR
SIBn 1 0 1 0 1 0 1 0|(AAH)
SOBn L
CBNTSF
CBNnSCE
() ®) ® @
(@) ®)
@) ©)
@)
(1) Clear the CBnCTLO.CBnPWR bit to 0.
(2) Setthe CBnCTL1 and CBnCTL2 registers to specify the transfer mode.
(3) Setthe CBNnCTL0.CBnRXE and CBnCTL0.CBnSCE bits to 1,
CBnCTLO.TXE to 0, at the same time as specifying the transfer mode
using the CBnDIR bit, to set the reception enabled status.
(4) Setthe CBnPWR bit to 1 to enable the CSIBn operation.
(5) Perform a dummy read of the CBnRX register (reception start trigger).
(6) The reception complete interrupt request signal (INTCBnR) is output.
(7) Setthe CBnSCE bit to 0 to set the final receive data status.
(8) Read the CBnRX register.
(9) Check that the CBNnSTR.CBnTSF bit = 0 and set the CBnPWR bit to 0 to
stop the CSIBn operation (end of reception).
To continue transfer, repeat steps (5) and (6) before (7). (At this time, (5) is not
a dummy read, but a receive data read combined with the reception trigger.)
Note The processing of steps (3) and (4) can be set simultaneously.
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16.4.3 Continuous mode (master mode, transmission/reception

CBnTX

SCKBn

SOBn

SIBn

INTCBNnT

INTCBNnR

CBnTSF

CBnSCE

Shift register

SO latch

CBnRX

mode)

MSB first (CBnCTL0.CBnDIR bit = 0), communication type 3 (see 16.4 (2)
CSIBn control register 1 (CBnCTL1)), transfer data length = 8 bits
(CBnCTL2.CBNnCL3 to CBnCTL2.CBnCLO bits =0, 0, 0, 0)

55H AAH

CCH 96H X 00H
X CCH 96H X 00H
®) (6) @) @ ®

(1) Clear the CBnCTLO.CBnPWR bit to 0.
(2) Setthe CBnCTL1 and CBnCTL2 registers to specify the transfer mode.

(3) Setthe CBnTXE, CBnRXE, and CBnSCE bits of the CBnCTLO register to
1 at the same time as specifying the transfer mode using the CBnDIR bit,
to set the transmission/reception enabled status.

(4) Setthe CBnPWR bit to 1 to enable the CSIBn operation.
(5) Write transfer data to the CBnTX register (transmission start).

(6) The transmission enable interrupt request signal (INTCBNT) is received
and transfer data is written to the CBnTX register.
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(7) The reception complete interrupt request signal (INTCBnR) is output.

Read the CBnRX register before the next receive data arrives or before
the CBnPWR bit is cleared to 0.

(8) Check that the CBNnSTR.CBnTSF bit = 0 and set the CBnPWR bit to 0 to
stop the operation of CSIBn (end of transmission/reception).
To continue transfer, repeat steps (5) to (7) before (8).

In transmission mode or transmission/reception mode, the communication is
not started by reading the CBnRX register.

16.4.4 Continuous mode (master mode, reception mode)

MSB first (CBnCTLO0.CBnDIR bit = 0), communication type 2 (see 16.4 (2)
CSIBn control register 1 (CBnCTL1)), transfer data length = 8 bits
(CBnCTL2.CBNnCL3 to CBnCTL2.CBnCLO bits =0, 0, 0, 0)

CBnSCE
SIBn ojt1]Jofjt1|of1]o]1 |_o1o1o1o
SOBn |
INTCBnR
CBNTSF
Shift register AAH X(Ei
CBnRX X 55H XAAH 00H
(1) (@) (6) @)
& © ®
@)
(1) Clear the CBnCTLO.CBnPWR bit to 0.
(2) Setthe CBnCTL1 and CBnCTL2 registers to specify the transfer mode.
(3) Setthe CBnCTLO.CBnRXE bit to 1 at the same time as specifying the
transfer mode using the CBnDIR bit, to set the reception enabled status.
(4) Setthe CBnPWR bit to 1 to enable the CSIBn operation.
(5) Perform a dummy read of the CBnRX register (reception start trigger).
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(6) The reception complete interrupt request signal (INTCBnR) is output.

Read the CBnRX register before the next receive data arrives or before
the CBnPWR bit is cleared to 0.

(7) Setthe CBnCTL0.CBNnSCE bit = 0 while the last data being received to set
the final receive data status.

(8) Check that the CBnSTR.CBNTSF bit = 0 and set the CBnPWR bit to 0 to
stop the operation of CSIBn (end of reception).

To continue transfer, repeat steps (5) and (6) before (7).

16.4.5 Continuous reception mode (error)
MSB first (CBNnCTLO0.CBnDIR bit = 0), communication type 2 (see 16.4 (2)
CSIBn control register 1 (CBnCTL1)), transfer data length = 8 bits
(CBnCTL2.CBnCL3 to CBnCTL2.CBnCLO bits =0, 0, 0, 0)
SIBn o|jt1foft1]Jof1fo]l1 1]ofl1]o]1|of|1]oO
SOBn L
INTCBnR
INTCBnRE
CBnTSF
Shift register 55H AAH X00H
CBnRX X 55H XAAH 00H
CBnOVE
) ®) (6) 7)) (9) (10
@
®
“
(1) Clear the CBnCTL0.CBnPWR bit to 0.
(2) Setthe CBnCTL1 and CBnCTL2 registers to specify the transfer mode.
(3) Setthe CBNnCTLO0.CBnRXE bit to 1 at the same time as specifying the
transfer mode using the CBnDIR bit, to set the reception enabled status.
(4) Setthe CBnPWR bit = 1 to enable CSIBn operation.
(5) Perform a dummy read of the CBnRX register (reception start trigger).
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(6) The reception complete interrupt request signal (INTCBnR) is output.

(7) If the data could not be read before the end of the next transfer, the
CBnSTR.CBnOVE flag is set to 1 upon the end of reception and the
reception error interrupt INTCBnRE is output.

(8) Overrun error processing is performed after checking that the
CBnOVE bit = 1 in the INTCBNRE interrupt servicing.

(9) Clear CBnOVE bit to 0.

(10)Check that the CBnSTR.CBnTSF bit = 0 and set the CBnPWR bit to 0 to
stop the operation CSIBn (end of reception).
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16.4.6 Continuous mode (slave mode, transmission/reception

CBnTX

SCKBn

SOBn

SIBn

INTCBnT

INTCBnR

CBNnTSF

CBnSCE

Shift register

SO latch

CBnRX

mode)

MSB first (CBnCTL0.CBnDIR bit = 0), communication type 2 (see 16.4 (2)
CSIBn control register 1 (CBnCTL1)), transfer data length = 8 bits
(CBnCTL2.CSNnCL3 to CBnCTL2.CBnCLO bits =0, 0, 0, 0)

55H AAH

(1) Clear the CBnCTL0.CBnPWR bit to 0.

(2) Setthe CBnCTL1 and CBnCTL2 registers to specify the transfer mode.

(8) Setthe CBnTXE, CBnRXE and CBnSCE bits of the CBnCTLO register to 1
at the same time as specifying the transfer mode using the CBnDIR bit, to
set the transmission/reception enabled status.

(4) Set the CBnPWR bit to 1 to enable supply of the CSIBn operation.
(5) Write the transfer data to the CBnTX register.

(6) The transmission enable interrupt request signal (INTCBnNT) is received
and the transfer data is written to the CBnTX register.

(7) The reception complete interrupt request signal (INTCBnR) is output.
Read the CBnRX register.
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(8) Check that the CBnSTR.CBNTSF bit = 0 and set the CBnPWR bit to 0 to
stop the operation of CSIBn (end of transmission/reception).

To continue transfer, repeat steps (5) to (7) before (8).
Note In order to start the entire data transfer the CBnTX register has to be written

initially, as done in step (5) above. If this step is omitted also no data will be
received.

Discontinued In case the CSIB is operating in continuous slave transmission mode
transmission (CBnCTLO.CBnTMS =1, CBnCTL1.CBnCKS[2:0] = 111g) and new data is not

written to the CBnTX register the SOBn pin outputs the level of the last bit.

Table 16-4 outlines this behaviour.

96H

CBnTX X 55H X AAH
|
|
|
|

| |
SOBn : o|1|o|1|o|1|0|1 1|0|1|0|1|0|1|0

al M

-1
o
o
-
o
o

]

e s e B

|
|
INTCBNT |
|

L

g-
C)

| |
|
| |
|
| |
| |
| |
| |
| |
CBNTSF ! !
| |
| |
2 4

() @) @

Figure 16-4 Discontinued slave transmission

The example shows the situation that two data bytes (554, AAy) are
transmitted correctly, but the third (964) fails.

(1) Data 55 is written (by the CPU) to CBnTX.
(2) The master issues the clock SCKBn and transmission of 55, starts.

(3) INTCBNT is generated and the next data AAy is written to CBnTX
promptly, i.e. before the first data has been transmitted completely.

(4) Transmission of the second data AA continues correctly and INTCBNT is
generated. But this time the next data is not written to CBnTX in time.

(5) Since there is no new data available in CBnTX, but the master continuous
to apply SCKBn clocks, SOBn remains at the level of the transmitted last
bit.

(6) New data (96y) is written to CBnTX.
(7) With the next SCKBn cycle transmission of the new data (96y) starts.

As a consequence the master receives a corrupted data byte from (5)
onwards, which is made up of a random number of the repeated last bit of the
former data and some first bits of the new data.
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16.4.7 Continuous mode (slave mode, reception mode)

SCKBn

SIBn

INTCBNnR

CBnTSF

CBnSCE

Shift register

CBnRX

MSB first (CBnCTLO0.CBnDIR bit = 0), communication type 1 (see 16.4 (2)
CSIBn control register 1 (CBnCTL1)), transfer data length = 8 bits
(CBnCTL2.CBNnCL3 to CBnCTL2.CBnCLO bits =0, 0, 0, 0)

Juuuduuu -

55H AAH|X00H

(1) Clear the CBnCTL0.CBnPWR bit to 0.
(2) Setthe CBnCTL1 and CBnCTL2 registers to specify the transfer mode.

(8) Setthe CBnCTL0.CBnRXE and CBnCTL0.CBnSCE bits to 1 at the same
time as specifying the transfer mode using the CBnDIR bit, to set the
reception enabled status.

(4) Setthe CBnPWR bit = 1 to enable CSIBn operation.
(5) Perform a dummy read of the CBnRX register (reception start trigger).

(6) The reception complete interrupt request signal (INTCBnR) is output.
Read the CBnRX register.
(7) Check that the CBnSTR.CBNnTSF bit = 0 and set the CBnPWR bit to 0 to
stop the operation of CSIBn (end of reception).
To continue transfer, repeat steps (5) and (6) before (7).
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16.4.8 Clock timing

SIBn capture

SOBn

Reg-R/W

INTCBNTNete

INTCBnRNete 2

CBnTSF

t t t t

X o7 X pe X bs X pa X p3 X p2 X D1 X Do

Figure 16-5 (i) Communication type 1 (CBnCKP = 0, CBnDAP = 0)

SIBn capture

SOBn

Reg-R/W

INTCBRnTNete1

INTCBnRNote 2

CBnTSF

bttt d

X o7 X os X bs k' pa X pbs X b2 X D1 X DO

Figure 16-6 (ii) Communication type 3 (CBnCKP =1, CBnDAP = 0)

SCKBn

SIBn capture

SOBn

Reg-R/W

INTCBnTNete 1

INTCBnRNote 2

CBnTSF

N o A A S A R
S S S

D7

X ps X ps X pa X b3 X p2 X b1 X Do

Figure 16-7 (iii) Communication type 2 (CBnCKP = 0, CBnDAP = 1)
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gigigigiplinipinl

SIBn capture t t 1 t

SOBn D7 X D6 X ps X psa X ps X b2 X D1 X DO

Reg-R/W

INTCBnTNete

INTCBnRNete 2

CBnTSF

Figure 16-8 (iv) Communication type 4 (CBnCKP =1, CBnDAP = 1)

Note 1. The INTCBNT interrupt is set when the data written to the transmit buffer is
transferred to the data shift register in the continuous transmission or
continuous transmission/reception modes. In the single transmission or
single transmission/reception modes, the INTCBNT interrupt request signal
is not generated, but the INTCBnNR interrupt request signal is generated
upon completion of communication.

2. The INTCBnNR interrupt occurs if reception is correctly completed and
receive data is ready in the CBnRX register while reception is enabled, and
if an overrun error occurs. In the single mode, the INTCBNR interrupt
request signal is generated even in the transmission mode, upon
completion of communication.

RO1UHO0027ED0420 Rev. 4.20 RENESAS 459
User Manual



Chapter 16 Clocked Serial Interface (CSIB)

16.5 Output Pins
(1) SCKBn pin
When CSIBn operation is disabled (CBnCTL0.CBnPWR bit = 0), the SCKBn
pin output status is as follows.
CBnCKP CBnCKS2 CBnCKS1 CBnCKSO0 SCKBn pin output
0 Don’t care Don’t care Don’t care Fixed to high level
] 1 1 1 High impedance
Other than above Fixed to low level

Note The output level of the SCKBn pin changes if any of the CBnCTL1.CBnCKP
and CBnCKS2 to CBnCKSO bits is rewritten.

(2) SOBn pin

When CSIBn operation is disabled (CBnPWR bit = 0), the SOBn pin output
status is as follows.

CBnTXE | CBnDAP | CBnDIR | SOBn pin output
0 X X Fixed to low level
0 X SOBn latch value (low level)
1 ] 0 CBnTXn value (MSB)
1 CBnTXn value (LSB)
Note 1. The SOBn pin output changes when any one of the CBnCTL0.CBnTXE,

CBnCTLO0.CBNDIR bits, and CBnCTL1.CBnDAP bit is rewritten.

2. x:don’t care
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16.6 Operation Flow
(1) Single transmission

o

Initial setting (CBnCTLO",
CBnCTL1 registers, etc.)

Write CBnTX register
(start transfer).

No

INTCBnNR generated?

Yes

Transfer data exists?

CBRPWR bit = 0
(CBNnCTLO)

=

Note Setthe CBnSCE bit to 1 in the initial setting.

Caution In the slave mode, data cannot be correctly transmitted if the next transfer
clock is input earlier than the CBnTX register is written.
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(2) Single reception

=

Initial setting (CBNCTLO""'®,
CBnCTLI1 registers, etc.)

CBnRX register dummy read
(start reception)

No

INTCBNR generated?

Last data?

CBnRX register read

CBNSCE bit =0
(CBNnCTLO)

CBnRX register read

CBnPWR bit =0
(CBnCTLO)

=

Note Setthe CBnSCE bit to 1 in the initial setting.

Caution In the single mode, data cannot be correctly received if the next transfer clock
is input earlier than the CBnRX register is read.
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(3) Single transmission/reception

START

Initial setting (CBnCTLOY®",
CBNCTL1 registers, etc.)

Write CBnTX register
(start transfer).

INTCBNR generated?

Yes o .
Transmission/reception

Reception

Read CBnRX register. Read CBnRX register.

Yes Write CBnTX register"*'¢2, Yes Write CBnTX register®'¢2. Yes Write CBNTX register™*'2,

| ; :

Transmission

Transfer end?

~—®

CBnPWR bit = 0,
CBNTXE bit = CBnRXE bit = 0
(CBnCTLO)

Note 1. Setthe CBnSCE bitto 1 in the initial setting.

2. If the next transfer is reception only, dummy data is written to the CBnTX
register.

Caution Even in the single mode, the CBNnSTR.CBnOVE flag is set to 1. If only
transmission is used in the transmission/reception mode, therefore,
programming without checking the CBnOVE flag is recommended.
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(4) Continuous transmission

=

CBnCTL1 registers, etc.)

Initial setting (CBnCTLON',

Write CBnTX register
(start transfer).

INTCBNT generated?

Exists data to be
transferred next?

No

CBNTSF bit = 0?
(CBnSTR)

CBnPWR bit = 0
(CBnCTLO)

( END

)

Note Set the CBnSCE bit to 1 in the initial setting.
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(5) Continuous reception

C smr )

Initial setting (CBnCTLO" e,
CBnCTL1 registers, etc.)

CBnRX register dummy read
(start reception)

INTCBNnRE generated? INTCBNR generated? CBnRX register read

CBnSCE bit =0 Is data being No
(CBnCTLO) received last data?
‘ Yes
CBnRX register read ‘
CBnSCE bit=0
| (CBnCTLO)

CBnOVE bit clear |
(CBnSTR)

CBnRX register read

No

INTCBNR generated?

CBnRX register read

Note Setthe CBnSCE bit to 1 in the initial setting.

Caution In the master mode, the clock is output without limit when dummy data is read
from the CBnRX register. To stop the clock, execute the flow marked 4 in the
above flowchart.

In the slave mode, malfunction due to noise during communication can be
prevented by executing the flow marked 4 in the above flowchart.

Before resuming communication, set the CBnCTL0.CBnSCE bit to 1, and read
dummy data from the CBnRX register.
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(s )

Initial setting (CBNCTLO" ",
CBnCTL1 registers, etc.)

Write CBnTX register.

(6) Continuous transmission/reception

INTCBNT generated?

No

Last data
transferred?

Write CBnTX register.

INTCBNR generated?

Yes

CBnRX register read

INTCBnRE generated?

CBnRX register read

CBnOVE bit clear
(CBnSTR)

Data received
completely?

Yes

=

Note Setthe CBnSCE bit to 1 in the initial setting.
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16.7 Baud Rate Generator

16.7.1

Overview

Each CSIBn interface is equipped with a dedicated baud rate generator.

SPCLK1

(1, 1/2, 1/4, 1/8)

Selector

BGnCS1, BGnCSO0

16.7.2

Table 16-8

Table 16-9

8-bit timer counter

1/2

BRGnOUT

Match detector

PRSCMn

Baud Rate Generator registers

The Baud Rate Generators BRGn are controlled and operated by means of the
following registers:

BRGn registers overview

Register name

Shortcut

Address

BRGn prescaler mode register

PRSMn

<BRG_base>

BRGn prescaler compare register

PRSCMn

<BRG_base> + 1y

BRGn register base address

Timer

Base address <BRG_base>

BRGO

FFFF FDCOy

BRG1

FFFF FDEOy
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(1) PRSMn - Prescaler mode registers
The PRSMn registers control generation of the baud rate signal for CSIB.
Access This register can be read/written in 8-bit or 1-bit units.
Address <BRG_base>
Initial Value 00y. This register is cleared by any reset.
6 5 4 3 2 1 0
0 0 0 BGCEn 0 0 BGCSn1 | BGCSn0
R/W R/W R/W R/W R/W R/W R/W R/W
Table 16-10 PRSMn register contents
Bit position Bit name Function
Baud rate output
4 BGCEN 0: disabled
1: enabled
Input clock selection
BGCSn1 | BGCSnO |Input clock selection (fggcsn) Setting value k
0 0 [fspcLki 0
1t00 BGCSﬂ“ 0] 0 1 fSPCLK1/2 1
1 0 |fspcLki/4 2
1 1 fspcLk1/8 3
Caution 1. Do not rewrite the PRSMn register during operation.
2. Set the BGCSnN[1:0] bits before setting the BGCEnN bit to 1.
(2) PRSCMn - Prescaler compare registers
The PRSCMn registers are 8-bit compare registers.
Access This register can be read/written in 8-bit units.
Address <BRG_base> + 1y
Initial Value 00y. This register is cleared by any reset.
7 6 5 4 3 2 1 0
PRSCMn7 [ PRSCMn6 | PRSCMn5 | PRSCMn4 | PRSCMn3 | PRSCMn2 | PRSCMn1 | PRSCMn0
R/W
Caution 1. Do not rewrite the PRSCMn register during operation.

2. Set the PRSCMn register before setting the PRSMn.BGCEn bit to 1.
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16.7.3 Baud rate calculation

The transmission/reception clock is generated by dividing the main clock. The
baud rate generated from the main clock is obtained by the following equation.

f _ fspcLki
BRGn = T, _
2" xNx2
Note fsran: BRGn count clock
fspoLki: Main clock oscillation frequency
k: PRSMn.BGCSn[1:0] register setting value (0 < k < 3)
N: PRSCMn.PRSCMnN[7:0] register value
if PRSCMn = 00H: N = 256.
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16.8

16.8.1

Reception

Transmission

16.8.2

M

Cautions

CSIBn behaviour during debugger break

The CSIBn continues to operate in debugger break-mode, provided all clocks
are continuing.

The CSIBn continuous to operate during debugger break-mode

* in continuous reception/transmission mode

* in slave reception/transmission mode

When the CSIBn is in reception mode and an external device is sending data
during debugger break-mode the CSIBn may produce an overflow error as it
continues to receive data during break-mode.

Thus the overflow error flag UCBNnSTR.CBnOVE may be set and the reception
error interrupt INTCBnRE may be generated. Further all following received
data are discarded.

Note that the reception error interrupt INTCBNRE will not be served during
break-mode, but after resuming run-mode, provided the interrupt controller is
configured accordingly.

If the debugger’s break-mode is entered while the CSIBn is transmitting data,
the transmission is completed, and finally a transmission enable interrupt
request INTCBNT is generated.

Note that the transmission enable interrupt INTCNNT will not be served during
break-mode, but after resuming run-mode, provided the interrupt controller is
configured accordingly.

CSIB operation stop

Details - Master mode operation

When any channel of CSIB is operated with a peripheral clock source different
to the clock source of the CPU, the CSIB may stop operating.

Depending on the CSIB operating configuration the CSIB behaves as
described below.

e Transmit mode or transmit/receive mode:
Any write to the related CBnTXO register will no longer start a transmission
sequence. Furthermore the related transmission interrupt request will not be
generated.

* Receive mode:
Any read from the related CBnRXO register will no longer start a receive
sequence. Furthermore the related receive interrupt request will not be
generated.

The described CSIBn stuck condition can be escaped by initiating a system
reset or by a sequential clear and set of the CBnCTL0.CBnPWR bit.
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(2) Details - Slave mode operation

When any channel of CSIB is operated in slave mode and an external clock
signal is input via the SCKBn pin while no transmission or reception sequence

is in progress the CSIB may stop operating.

Depending on the CSIB operating configuration the CSIB behaves as
described below.

¢ Transmit mode or transmit/receive mode

Any further write to the CBnTXO register followed by an external input clock
signal input will no longer start a transmission sequence. Furthermore the

related transmission interrupt request will not be generated.

* Receive mode:
Any read from the related CBnRXO register followed by an external input
clock signal input will no longer start a receive sequence. Furthermore the
related receive interrupt request will not be generated.

The described CSIBn stuck condition can be escaped by initiating a system
reset or by a sequential clear and set of the CBnCTL0.CBnPWR bit.

(3) Workaround - Master mode operation

In order to avoid the CSIBn stuck condition in master mode use only the
following CPU clock to CSIBn input clock combinations:

CPU clock SCC. CKC. BRGn clock CSIB clock
source SPSEL[1:0] PERIC source (SPCLK1) input
. PCLK6 .. 1,
00 0 4 MHz main osc BRGN
4 MHz 00 1 4 MHz main osc PCLKE ..2,
main osc BRGn
X1 0 PLL/SSCG PCLKS6 .. 1
X1 1 PLL/SSCG PCLK6 .. 2
01 0 BRGn
PLL PLL
01 1 PCLK1, BRGn
SSCG 11 X SSCG BRGn

(4) Workaround - Slave mode operation

In order to avoid the CSIBn stuck condition in slave mode take the following

precautions.

¢ Transmit mode or transmit/receive mode:

Make sure the external CSIBn clock is not input in parallel when writing to
the CBnTXO register after a transmission sequence is finished

* Receive mode:
Make sure the external CSIBn clock is not input in parallel when reading
from the CBnRXO register after a reception sequence is finished.
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17.1

The V850E/Dx3 - DG3 microcontrollers have following instances of the 1°C Bus

interface IIC:
Ic All devices
Instances 1
Names lICO

Throughout this chapter, the individual instances of I°C Bus interface are
identified by “n”, for example 1ICn, or [ICCn for the 1ICn control register.

Features

The I12C provides a synchronous serial interface with the following features:

Supports Master and Slave mode

8-bit data transfer

Transfer speed

— up to 100 kbit/s (Standard Mode)

— up to 381kbit/s (Fast Mode)

I°C root clock sources from main oscillator, PLL and SSCG
Two wire interface

— SCLn: serial clock

— SDAn: serial data

Noise filter on SCLn and SDAn input

— spikes with a width of less than one period of IICLK are suppressed
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17.2

Table 17-1

I2C Pin Configuration

The I2C function requires to define the pins SCLO and SDAOQ as input and open
drain output pins simultaneously. In the following the pin configuration registers

are listed to be set up properly for I°C:

» PFSRO0.PFSRO04 = 1/0: select input for 12C0O
¢ PLCDC6.PLCDC64/65 = 0: no LCD output (if applicable)

¢ PMCn.PMCnm = 1: alternative mode

e Input type:

— PICCn.PICCnm = 0: non-Schmitt Trigger input for standard mode
— PICCn.PICCnm = 1: Schmitt Trigger input for fast-speed mode

* PILCn.PILCnm = 0: CMOS1 level
* PDSCn.PDSCnm = 1: drive strength control Limit2
¢ PODCn.PODCnm = 1: open drain output

e PMn.PMnm = 1: input mode

It is recommended to set the output mode as the last step.

Table 17-2 shows how to set up the registers for activating 1°C0 from different

pin groups.

I2C interface pins set up

I2Cn |PFSRO register

Pins and pin group

Register settings

[2CO0 |PFSRO.PFSR04 =0

SDAO/SCLO via P16/P17

PMC1.PMC1[7:6] = 11
PICC1.PICCA[7:6] = 00g/115?
PILC1.PILC1[7:6] = 00g
PDSC1.PDSC1[7:6] = 11
PODC1.PODC1[7:6] = 115
PM1.PM1[7:6] = 115

PFSR0.PFSR04 = 1

SCLO/SDAQ via P64/P65

PLCDC6.PLCDC6[5:4] = 00g
PMC6.PMC6[5:4] = 11
PICC6.PICC6[5:4] = 00g/115?
PILC6.PILC6[5:4] = 005
PDSC6.PDSC6[5:4] = 11
PODC6.PODCB[5:4] = 115
PM6.PM6[5:4] = 11

) PICCnm = 00 for standard mode, PICCnm = 11 for fast-speed mode
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17.3

I2C Pin Configuration

The I2C function requires to define the pins SCLn and SDAn as input and open
drain output pins simultaneously. In the following the pin configuration registers

are listed to be set up properly for I°C:

PFSR0.PFSR04/5 = 1/0: select input for 12Cn (where applicable)
PLCDCn.PLCDCnm = 0: no LCD output (where applicable)
PFCn.PFCnm = 1/0: select ALT1-/ALT2-OUT (where applicable)
PMCn.PMCnm = 1: alternative mode

Input type:
— PICCn.PICCnm = 0: non-Schmitt Trigger input for standard mode
— PICCn.PICCnm = 1: Schmitt Trigger input for fast-speed mode

PILCn.PILCnm = 0: CMOS1 level
PDSCn.PDSCnm = 1: drive strength control Limit2
PODCn.PODCnm = 1: open drain output
PMn.PMnm = 1: input mode

It is recommended to set the output mode in the last step.

Table 17-2 shows how to set up the registers for activating 1°C0 and I°C1 from
different pin groups.

RO1UH0027ED0420 Rev. 4.20 RENESAS 474

User Manual



Chapter 17

12C Bus (IIC)

Table 17-2

I2C interface pins set up

I2Cn |PFSRO register Pins and pin group Register settings

I°CO [PFSRO.PFSR04 =0 |SDAO0/SCLO via P16/P17 |PMC1.PMC1[7:6] = 11g
PICC1.PICC1[7:6] = 00g/11g2
PILC1.PILC1[7:6] = 00g
PDSC1.PDSC1[7:6] = 115
PODC1.PODCI1[7:6] = 115
PM1.PM1[7:6] = 11g

PFSR0.PFSR04 = 1 |SCLO/SDAO via P64/P65 |PLCDC6.PLCDC6[5:4] = 00g

PFC6.PFC6[5:4] = 00g
PMC6.PMC65 = 1g
PICC6.PICC6[5:4] = 00g/11g?2
PILC6.PILC6[5:4] = 00g
PDSC6.PDSC6[5:4] = 11g
PODC6.PODC6[5:4] = 11g
PM6.PM6[5:4] = 11g

I°C1 |PFSR0.PFSR05 =0 |SDA1/SCL1 via P20/P21 |PLCDC2.PLCDC2[1:0] = 00g

PMC2.PMC2[1:0] = 115
PICC2.PICC2[1:0] = 00g/115?
PILC2.PILC2[1:0] = 00g
PDSC2.PDSC2[1:0] = 11
PODC2.PODC2[1:0] = 115
PM2.PM2[1:0] = 115

PFSRO.PFSRO05 = 1

SDA1/SCL1 via P30/P31

PFC3.PFC30 = 15
PMC3.PMC3[1:0] = 115
PICC3.PICC3[1:0] = 00g/115?
PILC3.PILC3[1:0] = 00g
PDSC3.PDSC3[1:0] = 11
PODC3.PODC3[1:0] = 11
PM3.PM3[1:0] = 115

3  PICCnm = 00g for standard mode, PICCnhm = 11 for fast-speed mode
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17.4

I2C Pin Configuration

The I2C function requires to define the pins SCLn and SDAn as input and open
drain output pins simultaneously. In the following the pin configuration registers

are listed to be set up properly for I°C:

PFSR0.PFSR04/5 = 1/0: select input for 12Cn (where applicable)
PLCDCn.PLCDCnm = 0: no LCD output (where applicable)
PFCn.PFCnm = 1/0: select ALT1-/ALT2-OUT (where applicable)
PMCn.PMCnm = 1: alternative mode

Input type:
— PICCn.PICCnm = 0: non-Schmitt Trigger input for standard mode
— PICCn.PICCnm = 1: Schmitt Trigger input for fast-speed mode

PILCn.PILCnm = 0: CMOS1 level
PDSCn.PDSCnm = 1: drive strength control Limit2
PODCn.PODCnm = 1: open drain output
PMn.PMnm = 1: input mode

It is recommended to set the output mode as the last step.

Table 17-2 shows how to set up the registers for activating 1°C0 and I°C1 from
different pin groups.
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Table 17-3

I2C interface pins set up

I2Cn |PFSRO register

Pins and pin group

Register settings

[2CO0 |PFSRO.PFSR04 =0

SDAO/SCLO via P16/P17

PMC1.PMC1[7:6] = 11
PICC1.PICCA[7:6] = 00g/115?
PILC1.PILC1[7:6] = 00g
PDSC1.PDSC1[7:6] = 115
PODC1.PODC1[7:6] = 115
PM1.PM1[7:6] = 115

PFSR0.PFSR04 = 1

SCLO/SDAQ via P64/P65

PLCDC6.PLCDC6[5:4] = 00g
PFC6.PFC6[5:4] = 00g
PMC6.PMC6[5:4] = 115
PICC6.PICC6[5:4] = 00g/115?
PILC6.PILC6[5:4] = 005
PDSC6.PDSC6[5:4] = 11
PODC6.PODCB[5:4] = 115
PM6.PM6[5:4] = 11

[2’C1 |PFSRO0.PFSRO05 =0

SDA1/SCL1 via P20/P21

PLCDC2.PLCDC2[1:0] = 00g
PFC2.PFC2[1:0] = 005
PMC2.PMC2[1:0] = 115
PICC2.PICC2[1:0] = 00g/115?
PILC2.PILC2[1:0] = 00g
PDSC2.PDSC2[1:0] = 11
PODC2.PODC2[1:0] = 115
PM2.PM2[1:0] = 115

PFSRO.PFSRO05 = 1

SDA1/SCL1 via P30/P31

PFC3.PFC30 = 1g
PMC3.PMC3[1:0] = 11
PICC3.PICC3[1:0] = 00g/115?
PILC3.PILC3[1:0] = 005
PDSC3.PDSC3[1:0] = 11
PODC3.PODC3[1:0] = 115
PM3.PM3[1:0] = 115

) PICCnm = 00g for standard mode, PICCnm = 11 for fast-speed mode
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17.5 Configuration

The block diagram of the [°COn is shown below.

Internal bus

IIC status register n (1ICSn)

MSTSn‘ALDn ‘EXCn‘ COIn

TRCn‘ACKDn‘STDn‘SPDn|

IIC control register n

(lICCn)
|IICEn ‘LRELn‘WRELn‘SPIEn‘WTIMn‘ACKEn‘ STTn ‘SPTn|
Set ‘
Note Slave address Clear Start condition
SDAN @« register n (SVAn) generator
Noise {}Match signal
eliminator ﬁ SO latch
IIC shift N
register n (1ICn) CLn1,
e e
; Data h°'€ Acknowledge
ime correction| ireui
N-ch open-drain st output circuit
output
N Wake-up controller
[Acknowledas detector]
—lAcknowIedge detector
Start condition
detector
Note Stop condition
SCLn © detector 1
Noise ] Iqterrupt request | _ \\Ticn
eliminator [*— Serial clock counter signal generator
Serial clock Serial clock —
wait controller
N-ch open-drain controller _,.| Bus status
output IICLKTC detector
IICLK ——[ Prescaler Prescaler [=— ‘
IICLKPS = IICLK to IICLK/5
|OCKSENn OCKSTHn |OCKSn1|OCKSn0 |CLDn DADN[SMCn|DFCn|CLn1|CLnO |CLXn | STCFn |[ICBSYn|STCENN[IICRSVn

1IC division clock select
register m (OCKSn)

1IC clock select

register n (IICCLn) register n (IICXn)

IIC function expansion

1IC flag register n
(IICFn)

{
S

Internal bus

S

Note: Schmitt Trigger input buffer for fast-speed mode, non Schmitt Trigger for standard mode

Figure 17-1 Block diagram of I2COn
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Chapter 17 12C Bus (IIC)
A serial bus configuration example is shown below.
+Voo +Vop
Master CPU1 SDA Serial data bus SDA Master CPU2
Slave CPU1 : Slave CPU2
SCL = Serial clock SCL
Address 1 Address 2
SDA Slave CPU3
SCL Address 3
SDA Slave IC
SCL Address 4
SDA Slave IC
SCL Address N
Figure 17-2 Serial bus configuration example using I12C bus

1)

()

3

4)

12COn includes the following hardware.

lIC shift register n (IICn)

The IICn register converts 8-bit serial data into 8-bit parallel data and vice
versa, and can be used for both transmission and reception.

Write and read operations to the 1ICn register are used to control the actual
transmit and receive operations.

Slave address register n (SVAn)

The SVAn register sets local addresses when in slave mode.

SO latch
The SO latch is used to retain the output level of the SDAn pin.

Wakeup controller

This circuit generates an interrupt request when the address received by this
register matches the address value set to the SVAn register or when an
extension code is received.

RO1UH0027ED0420 Rev. 4.20

User Manual

RENESAS 479



Chapter 17

12C Bus (IIC)

®)

(6)

)

®)

©)

(10)

(11)

(12)

(13)

Prescaler

This selects the sampling clock to be used.

Serial clock counter

This counter counts the serial clocks that are output and the serial clocks that
are input during transmit/receive operations and is used to verify that 8-bit data
was transmitted or received.

Interrupt request signal generator

This circuit controls the generation of interrupt request signals (INTIICn).

An I2C interrupt is generated following either of two triggers:

» Falling edge of eighth or ninth clock of the serial clock (set by ICCn.WTIMn
bit)
¢ Interrupt occurrence due to stop condition detection (set by IICCn.SPIEn bit)

Serial clock controller

In master mode, this circuit generates the clock output via the SCLn pin from
the sampling clock.

Serial clock wait controller

This circuit controls the wait timing.

ACK output circuit, stop condition detector, start condition detector, and
ACK detector

These circuits are used to output and detect various control signals.

Data hold time correction circuit

This circuit generates the hold time for data corresponding to the falling edge
of the SCLn pin.

Start condition generator
A start condition is issued when the IICCn.STTn bit is set.

However, in the communication reservation disabled status
(ICFN.IICRSVn = 1), this request is ignored and the IICFn.STCFn bit is set if
the bus is not released (IICFn.IICBSYn = 1).

Bus status detector

Whether the bus is released or not is ascertained by detecting a start condition
and stop condition.

However, the bus status cannot be detected immediately after operation, so
set the bus status detector to the initial status by using the ICFn.STCENR bit.
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17.6 lIC Registers
The I2C serial interfaces 1ICn are controlled and operated by means of the
following registers:
Table 17-4 lICn registers overview
Register name Shortcut Address
[ICn shift register [ICn <base>
[ICn control register lICCn <base> + 24
[ICn slave address register SVAnN <base> + 34
[ICn clock select register lICCLn <base> + 4y,
[ICn function expansion register [ICXn <base> + 54
[ICn status register [ICSn <base> + 6y
[ICn flag register [ICFON <base> + Ay
[ICn division clock select registers OCKSn <base> + 20y
Table 17-5 1ICn register base address

liICn Base address <base>

[ICO FFFF FD80y
Note [ICn control register

The IICCn registers enable/stop 12C operations, set the wait timing and other
12C operations.

These registers can be read or written in 8-bit or 1-bit units. However, set the

SPIEn, WTIMn, and ACKEn bits when the IICn.IICEn bit is 0 or during the wait

period. When setting the 1ICn.IICEn bit from “0” to “1”, these bits can also be

set at the same time.
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(1) [1ICCn - IICn control registers
The IICCn registers enable/stop 1°Cn operations, set the wait timing, and set
other 1°Cn operations.
Access This register can be read/written in 8-bit or 1-bit units.
Address <base> + 2y
Initial Value 00y. This register is cleared by any reset.
7 6 5 4 3 2 1 0

IICEn | LRELn ‘WRELn‘ SPIEn \ WTIMn \ ACKEn \ STTn | SPTn |
R/W R/W R/W R/W R/W R/W R/W R/W

IICEn Specification of I2Cn operation enable/disable
0 Operation stopped. IICSn register reset N |nternal operation stopped.
1 Operation enabled.
Condition for clearing (IICEn = 0) Condition for setting (IICEn = 1)
¢ Cleared by instruction e Set by instruction
* After reset

Note The IICS register, ICFn.STCFn and [ICFn.IICBSYn bits, and IICCLn.CLDn
and IICCLn.DADnN bits are reset.

LRELNn Exit from communications

0 Normal operation

This exits from the current communication operation and sets stand-by mode. This setting is
automatically cleared after being executed. Its uses include cases in which a locally irrelevant
extension code has been received.

The SCLn and SDAn lines are set to high impedance.

The STTn and SPTn bits and the MSTSn, EXCn, COIn, TRCn, ACKDn, and STDn bits of the IICSn
register are cleared.

The stand-by mode following exit from communications remains in effect until the following communication entry
conditions are met.

e After a stop condition is detected, restart is in master mode.

¢ An address match occurs or an extension code is received after the start condition.

Condition for clearing (LRELN = 0) Condition for setting (LRELn = 1)

e Automatically cleared after execution e Set by instruction
* After reset

WRELN Wait cancellation control
0 Wait not cancelled
1 Wait cancelled. This setting is automatically cleared after wait is cancelled.
Condition for clearing (WRELnN = 0) Condition for setting (WRELn = 1)
e Automatically cleared after execution e Set by instruction
* After reset
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SPIEn Enable/disable generation of interrupt request when stop condition is detected
0 Disabled
1 Enabled
Condition for clearing (SPIEn = 0) Condition for setting (SPIEn = 1)
* Cleared by instruction * Set by instruction
* After reset

WTIMn Control of wait and interrupt request generation
Interrupt request is generated at the eighth clock’s falling edge.
Master mode: After output of eight clocks, clock output is set to low level and wait is set.
Slave mode: After input of eight clocks, the clock is set to low level and wait is set for the master
0 device.

In order to generate the ninth clock on SCLn the wait status must be cancelled by writing to 1ICn or
setting ICCn.WRELn = 1. Consequently the ninth clock will be delayed until the wait status is
cancelled.

Interrupt request is generated at the ninth clock’s falling edge.

Master mode: After output of nine clocks, clock output is set to low level and wait is set.

Slave mode: After input of nine clocks, the clock is set to low level and wait is set for the master
device.

During address transfer, an interrupt occurs at the falling edge of the ninth clock regardless of this bit setting. This
bit setting becomes valid when the address transfer is completed. In master mode, a wait is inserted at the falling
edge of the ninth clock during address transfer. For a slave device that has received a local address, a wait is
inserted at the falling edge of the ninth clock after an ACK signal is issued. When the slave device has received
an extension code, however, a wait is inserted at the falling edge of the eighth clock.

Condition for clearing (WTIMn = 0) Condition for setting (WTIMn = 1)

o After reset

* Cleared by instruction e Set by instruction

ACKEnN

Acknowledgement control

0

Acknowledgment disabled.

1

Acknowledgment enabled. During the ninth clock period, the SDAn line is set to low level.
However, ACK is invalid in other than extension mode during address transfers.

Condition for clearing (ACKEn = 0) Condition for setting (ACKEn = 1)

o After reset

* Cleared by instruction e Set by instruction
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STTn

Start condition trigger

0

Start condition is not generated.

When bus is released (in STOP mode):

A start condition is generated (for starting as master). The SDAn line is changed from high level to
low level and then the start condition is generated. Next, after the rated amount of time has
elapsed, the SCLn line is changed to low level.

During communication with a third party:

If the communication reservation function is enabled (IICFn.IICRSVn = 0)

¢ This trigger functions as a start condition reserve flag. When set, it releases the bus and then
automatically generates a start condition.

If the communication reservation function is disabled (IICRSVn = 1)
e The lICFn.STCFn bit is set. This trigger does not generate a start condition.

In the wait state (when master device):
A restart condition is generated after the wait is released.

Cautions concerning set timing
For master reception: Cannot be set during transfer. Can be set only when the ACKEn bit has been set to 0

For master transmission: A start condition cannot be generated normally during the ACK period. Set during the

and the slave has been notified of final reception.

wait period.
For slave: Even when the communication reservation function is disabled
(IICRSVn bit = 1), the communication reservation status is entered.
Condition for clearing (STTn = 0) Note Condition for setting (STTn = 1)
* Cleared by loss in arbitration e Set by instruction
» Cleared after start condition is generated by master
device

When the LRELn = 1 (communication save)
When the IICEn= 0 (operation stop)
After reset

Note The STTn bitis 0 if it is read immediately after data setting.
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SPTn

Stop condition trigger

0

Stop condition is not generated.

Stop condition is generated (termination of master device’s transfer).

After the SDAn line goes to low level, either set the SCLn line to high level or wait until it goes to
high level. Next, after the rated amount of time has elapsed, the SDAn line is changed from low
level to high level and a stop condition is generated.

e The SPTn

Cautions concerning set timing
For master reception: Cannot be set during transfer.

For master transmission: A stop condition cannot be generated normally during the ACK period. Set during the

e SPTn cannot be set at the same time as the STTn bit.

¢ When the WTIMn bit has been set to 0 and the SPTn bit is set during the wait period that follows output of
eight clocks, note that a stop condition will be generated during the high-level period of the ninth clock.
When the ninth clock must be output to apply the ACK on the bus by the receiving device, proceed as follows:
- Change IICCn.WTIMn from O to 1 in order to receive an additional interrupt after the ninth clock.
- Cancel the wait state by ICCn.WRELn = 1 or by writing to the 1ICn register.
- Upon the interrupt after the ninth clock require to set the stop condition by ICCn.STPn = 1. By this the wait
status will be cancelled and the stop condition will be generated on the bus.

Can be set only when the ACKEn bit has been set to 0 and during the wait period after
the slave has been notified of final reception.

wait period.

bit can be set only when in master mode Note 1,

Condition for clearing (SPTn = 0) Note 2 Condition for setting (SPTn = 1)

o After reset

* Cleared by loss in arbitration e Set by instruction
* Automatically cleared after stop condition is detected
e When the LRELn = 1 (communication save)

e When the lICEn = 0 (operation stop)

Note 1. Setthe SPTn bit only in master mode. However, when communication
reservation is enabled (IICFn.lICRSVn = 0), the SPTn bit must be set and
a stop condition generated before the first stop condition is detected
following the switch to the operation enabled status. For details, see
“Cautions” on page 532.

2. Clearing the IICEn bit to 0 invalidates the signals of this flag.
3. The SPTn bitis 0 if it is read immediately after data setting.

Caution When the TRCn = 1, the WRELRn bit is set during the ninth clock and wait is
canceled, after which the TRCn bit is cleared and the SDAn line is set to high
impedance.
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(2) I1ICSn - lICn status registers
The 1ICSn registers indicate the status of the 1°Cn bus.
Access This register can only be read in 8-bit or 1-bit units.
Address <base> + 6
Initial Value 00y. This register is cleared by any reset.
7 6 5 4 3 2 1 0
| MSTSn | ALDn | EXCn | COIn | TRCn | ACKDn | STDn | SPDn |
R R R R R R R R
MSTSn Master device status
0 Slave device status or communication stand-by status
1 Master device communication status

Condition for clearing (MSTSnh = 0)

Condition for setting (MSTSn = 1)

e When a stop condition is detected
e When the ALDn = 1 (arbitration loss)
e Cleared by LRELNn =1 (communication save)

* When the IICEn bit changes from 1 to 0 (operation
stop)

o After reset

e When a start condition is generated

ALDn Arbitration loss detection
0 This status means either that there was no arbitration or that the arbitration result was a “win”.
1 This status indicates the arbitration result was a “loss”. The MSTSn bit is cleared.

Condition for clearing (ALDn = 0)

Condition for setting (ALDn = 1)

. ﬁu}omatically cleared after the 1ICSn register is read
ote

e When the IICEn bit changes from 1 to 0 (operation
stop)

o After reset

¢ When the arbitration result is a “loss”.

Note Any bit manipulation instruction targetting this register also clears this bit.

EXCn Detection of extension code reception
0 Extension code was not received.
1 Extension code was received.

Condition for clearing (EXCn = 0)

Condition for setting (EXCn = 1)

* When a start condition is detected
¢ When a stop condition is detected
e Cleared by LRELn = 1 (communication save)

* When the IICEn bit changes from 1 to 0 (operation
stop)

o After reset

* When the higher four bits of the received address
data are either “0000” or “1111” (set at the rising
edge of the eighth clock).
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COIn Matching address detection
0 Addresses do not match.
1 Addresses match.

Condition for clearing (COIn = 0)

Condition for setting (COIn = 1)

* When a start condition is detected
* When a stop condition is detected
e Cleared by LRELn bit = 1 (communication save)

¢ When the IICEn bit changes from 1 to (operation
stop)
e After reset

* When the received address matches the local
address (SVAn register) (set at the rising edge of
the eighth clock).

TRCn

Transmit/receive status detection

0 Receive status (other than transmit status). The SDAn line is set to high impedance.

1

Transmit status. The value in the SO latch is enabled for output to the SDAnN line (valid starting at
the falling edge of the first byte’s ninth clock).

Condition for clearing (TRCn = 0)

Condition for setting (TRCn = 1)

* When a stop condition is detected

e Cleared by LRELn = 1 (communication save)

¢ When the IICEn bit changes from 1 to 0 (operation
stop)

* Cleared by WRELn = 1Nete

e When the ALDn bit changes from 0 to 1 (arbitration
loss)

o After reset

Master

* When “1” is output to the first byte’s LSB
(transfer direction specification bit)

Slave
e When a start condition is detected
When not used for communication

Master
* When a start condition is generated
Slave

e When “1” is input by the first byte’s LSB
(transfer direction specification bit)

ACKDn ACK detection
0 ACK was not detected.
1 ACK was detected.

Condition for clearing (ACKDn = 0)

Condition for setting (ACKD = 1)

¢ When a stop condition is detected
¢ At the rising edge of the next byte’s first clock
e Cleared by LRELn = 1 (communication save)

e When the IICEn bit changes from 1 to 0 (operation
stop)

o After reset

e After the SDAN bit is set to low level at the rising
edge of the SCLn pin’s ninth clock

Note The TRCn bit is cleared and SDAn line becomes high impedance when the
WRELRn bit is set and the wait state is canceled at the ninth clock by

TRCn =1.
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STDn Start condition detection
0 Start condition was not detected.
1 Start condition was detected. This indicates that the address transfer period is in effect
Condition for clearing (STDn = 0) Condition for setting (STDn = 1)
* When a stop condition is detected * When a start condition is detected

* At the rising edge of the next byte’s first clock
following address transfer

e Cleared by LRELn = 1 (communication save)

e When the IICEn bit changes from 1 to 0 (operation
stop)

o After reset

SPDn Stop condition detection
0 Stop condition was not detected.
1 Stop condition was detected. The master device’s communication is terminated and the bus is
released.
Condition for clearing (SPDn = 0) Condition for setting (SPDn = 1)

¢ At the rising edge of the address transfer byte’s first | ¢ When a stop condition is detected
clock following setting of this bit and detection of a
start condition

e When the IICEn bit changes from 1 to 0 (operation
stop)

* After reset
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(3) IICFn - lICn flag registers
The registers set the 1°Cn operation mode and indicate the 1°C bus status.
Access This register can be read/written in 8-bit or 1-bit units.
STCFn and IICBSYn bits are read-only.
Address <base> + Ay
Initial Value 00y. This register is cleared by any reset.
7 6 5 4 3 2 1 0
| STCFn [cBSYn| 0 | 0 | 0 | 0 [STCENn|IICRSVn |
R R R/W R/W R/W R/W R/W R/W
IICRSVn enables/disables the communication reservation function.
The initial value of the ICBSYn bit is set by using the STCENN bit (see
“Cautions” on page 532).
The IICRSVn and STCENRN bits can be written only when operation of 1°Cn is
disabled (IICCn.IICEn = 0). After operation is enabled, IICFn can be read.
STCFn STTn clear
0 Start condition issued
1 Start condition cannot be issued, STTn bit cleared
Condition for clearing (STCFn = 0) Condition for setting (STCFn =1)
e Cleared by ICCn.STTn =1 e When start condition is not issued and STTn flag
e After reset is cleared during communication reservation is
disabled (ICRSVn = 1).
IICBSYn I2Cn bus status
0 Bus released status
1 Bus communication status
Condition for clearing (IICBSYn = 0) Condition for setting (IICBSYn = 1)
* When stop condition is detected * When start condition is detected

o After reset

¢ By setting the IICCn.IICEn bit when the STCENN =
0

STCENn Initial start enable trigger
0 Start conditions cannot be generated until a stop condition is detected following operation enable
(ICEn bit=1).
1 Start conditions can be generated even if a stop condition is not detected following operation
enable (IICEn = 1).
Condition for clearing (STCENN = 0) Condition for setting (STCENn = 1)
* When start condition is detected e Setting by instruction
o After reset
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IICRSVn Communication reservation function disable bit
0 Communication reservation enabled
1 Communication reservation disabled
Condition for clearing (IICRSVn = 0) Condition for setting (ICRSVn = 1)
* Clearing by instruction e Setting by instruction

o After reset

Note Bits 6 and 7 are read-only bits.

Caution 1. Write the STCENN bit only when operation is stopped
(ICEn = 0).

2. When the STCENN = 1, the bus released status (IICBSYn = 0) is recognized

regardless of the actual bus status immediately after the [°Cn bus operation
is enabled. Therefore, to issue the first start condition (STTn = 1), itis
necessary to confirm that the bus has been released, so as to not disturb
other communications.

3. Write the IICRSVn bit only when operation is stopped (IICEn = 0).
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(4) IICCLn - lICn clock select registers
The IICCLn registers set the transfer clock for the 1°Cn bus.
The SMCn, CLn1, and CLnO bits are set by the combination of the 1ICXn.CLXn
bit and the OCKSTHn, OCKSn[1:0] bits of the OCKSn register (see “Transfer
rate setting” on page 493).
Access This register can be read/written in 8-bit or 1-bit units.
CLDn and DADn bits are read-only.
Address <base> + 4y
Initial Value 00y. This register is cleared by any reset.
6 5 4 3 2 1 0
| o | o | clbn | DADn | SMCn | DFCn | CLnt | CLno |
R/W R/W R R R/W R/W R/W R/W
CLDn Detection of SCLn pin level (valid only when IICCn.IICEn = 1)
0 The SCLn pin was detected at low level.
1 The SCLn pin was detected at high level.

Condition for clearing (CLDn = 0)

Condition for setting (CLDn = 1)

o After reset

e When the SCLn pin is at low level
e When the IICEn = 0 (operation stop)

e When the SCLn pin is at high level

DADnN Detection of SDAN pin level (valid only when IICEn = 1)
0 The SDAnN pin was detected at low level.
1 The SDAnN pin was detected at high level.

Condition for clearing (DADn = 0)

Condition for setting (DADON = 1)

o After reset

¢ When the SDAn pin is at low level
¢ When the lICEn = 0 (operation stop)

e When the SDAnN pin is at high level

SMCn Operation mode switching
0 Operation in standard mode.
1 Operation in fast-speed mode.

DFCn Digital filter operation control
0 Digital filter off.
1 Digital filter on.

The digital filter can be used only in fast-speed mode.
In fast-speed mode, the transfer clock does not vary regardless of the DFCn bit setting (on/off).
The digital filter is used to eliminate noise in fast-speed mode.
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(5) IICXn - IICn function expansion registers
The IICXn registers provide additional transfer data rate configuration in fast-
speed mode. Setting of the IICXn.CLXn is performed in combination with the
IICCLNn.SMCn, IICCLn.CLn[1:0], OCKSn.OCKSTHn and OCKSn.OCKSn[1:0]
(refer to “Transfer rate setting” on page 493)
Access This register can be read/written in 8-bit or 1-bit units.
Address <base> + 5y
Initial Value 00y. This register is cleared by any reset.
6 5 4 3 2 1 0
| o | o | o | o | o [ o | o | cuxn|
R/W R/W R/W R/W R/W R/W R/W R/W
(6) OCKSN - lICn division clock select registers
The OCKSn registers control the 12Cn division clock.
Access This register can be read/written in 8-bit or 1-bit units.
Address <base> + 20y
Initial Value 00y. This register is cleared by any reset.
7 6 5 4 3 2 1 0
| o | o | o |OCKSENn|OCKSTHn| 0 [ OCKSnt | OCKSno |
R/W R/W R/W R/W R/W R/W R/W R/W
OCKSENN Operation setting of I2C clock
0 Disable 12C division clock operation
1 Enable 1°C division clock operation
OCKSTHn | OCKSn1 OCKSnO | Output clock IICLKPS
0 0 0 IICLK/2
0 0 1 IICLK/3
0 1 0 IICLK/4
0 1 1 IICLK/5
1 0 0 IICLK
Other than above Setting prohibited
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(7) Transfer rate setting

The nominal transfer rate of the I1°C interface is determined by the following

means:

* the root clock source for the 1°C clock IICLK can be chosen as
— main oscillator (4 MHz): ICC.IICSEL1 =0
— 32 MHz clock from the PLL: ICC.IICSEL1 =1

» a prescaler in the Clock Generator divides the chosen clock source by
— 1.0: ICC.IICPS[2:0]=0005
— 3.5: ICC.IICPS[2:0]=1015
— 4.5:1CC.IICPS[2:0]=1115

The output clock IICLK supplies the IIC interface.

¢ The IICLK can be divided by 1 to 5, configured by OCKSn.OCKSTHn and
OCKSNn.OCKSn[1:0] (refer to “OCKSn - IICn division clock select registers*
on page 492). The output clock of this divider is named IICLKPS.

* |ICLK respectively IICLKPS is passed through another configurable divider
that finally outputs the clock for the serial transfer IICLKTC. This divider is
configured by [ICCLn.CL[1:0] and [ICXn.CLX0 according to the following
table:

Note The clock chosen as the input clock, that means IICLK or IICLKPS, must lie in
the range of 1 MHz to 10 MHz.
ICXn.CLXn | ICCLN.SMCn | IICCLN.CLn1 | ICCLN.CLNO | Input clock T’:}gi{f’ Mode
0 ficLkps ficLkps/44 standard
0 1 ficLkes ficLkps/86 standard
0 fllCLK f||C|_K/86 standard
0 1 1 f||CLKPS fIICLKPS/66 standard
0 0 ficLkes ficLkps/24 fast-speed
; 0 1 ficLkes ficLkps/24 | fast-speed
1 0 fIICLK fIICLK/24 fast-speed
1 1 ficLkes ficLkps/18 fast-speed
0 X X n.a. n.a. n.a.
] 0 0 ficLkps ficLkps/12 fast-speed
1 0 1 fllCLKPS fIICLKPS/1 2 fast-speed
1 0 flicLk fick/12 fast-speed
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Following table lists set-ups for some useful I°C transfer clocks.

Clock Generator Prescaler IC module set-up Transfer

lICPS o iy licCLn. lICXn. nceLn. | . clock

[2:0] divisor | OCKSn | divisor sMCn CLXn CLn[1:0] divisor [KHz]

101g 35 100005 = 2 1 1 00g 12 380,95
10y

101g 3.5 10010 = 4 1 0 00g 24 95,24
12y

111g 4.5 1 o?;OB - 4 1 0 11g 18 98,77
H

Note The calculations in the above table assumes that IICLK is 32 MHz
(IC.NCSEL1 =1)
Clock Stretching Heavy capacitive load and the dimension of the external pull-up resistor on the
I2C bus pins may yield extended rise times of the rising edge of SCLn and

SDAnN. Since the controller senses the level of the I°C bus signals it recognizes
such situation and takes countermeasures by stretching the clock SCLn in
order to ensure proper high level time tgg  of SCLn.

After the microcontroller releases the (open-drain) SCLn pin it waits until the
SCLn level exceeds the valid high level threshold Vy,4. Then it does not pull

SCLn to low level before the nominal high level time tgc H nom has elapsed.

This mechanism is the same used, when a slow 1°C slave device is pulling
down SCLn to low level to initiate a wait state.

Figure 17-3 shows an example.

effective SCL
clock

|
| SCL_nom

[ T [

SCL_eff

Figure 17-3 Clock Stretching of SCLn

The effective clock frequency appearing at the SCLn pin calculates to

fscL eff =1/ (TscL_nom + t)

With a nominal frequency of fgg| nom =395 KHz (Tgg nom =2.532 ps and a
rise time of t, = 135 ns the effective frequency is fo = 375 KHz.
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(8) IICn - IICn shift registers

The 1ICn registers are used for serial transmission/reception (shift operations)
synchronized with the serial clock.

A wait state is released by writing the 1ICn register during the wait period, and
data transfer is started.

Access This register can be read/written in 8-bit units.
Data should not be written to the IICn register during a data transfer.

Address <base>
Initial Value 00y. This register is cleared by any reset.
7 6 5 4 3 2 1 0

Input/output data
R/W

(9) SVAn - lICn slave address registers

The SVAnN registers hold the I°C bus’s slave addresses.

Access This register can be read/written in 8-bit units.
Bit 0 should be fixed to 0.

Address <base> + 3y

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

7 6 5 4 3 2 1 0
Slave address
R/W
RO1UHO0027ED0420 Rev. 4.20 RENESAS 495

User Manual



Chapter 17 12C Bus (IIC)

17.7 12C Bus Pin Functions

The serial clock pin (SCLn) and serial data bus pin (SDAnN) are configured as
follows.

¢ SCLn
This pin is used for serial clock input and output.

This pin is an N-ch open-drain output for both master and slave devices.
Input is Schmitt Trigger input for fast-speed mode respectively non Schmitt
Trigger for standard mode.

e SDAn
This pin is used for serial data input and output.
This pin is an N-ch open-drain output for both master and slave devices.
Input is Schmitt Trigger input for fast-speed mode respectively non Schmitt
Trigger for standard mode.

Since outputs from the serial clock line and the serial data bus line are N-ch
open-drain outputs, an external pull-up resistor is required.

PORTVop Slave device
Master device |
SCLn SCLn
Va )W (B
Clock output 4>| — — |<7 (Clock output)
PORTVop
(Clock input) Clock input
Note Note
SDANn SDANn
Y A\
Data output 4>| — — |<7 Data output
Data input Data input
Note Note

Note: Schmitt Trigger input buffer for fast-speed mode, non Schmitt Trigger for standard mode

Figure 17-4 Pin configuration diagram

17.8 12C Bus Definitions and Control Methods

The following section describes the I°C bus’s serial data communication format
and the signals used by the I2C bus. The transfer timing for the “start
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condition”, “data”, and “stop condition” output via the 1°C bus’s serial data bus
is shown below.

condition condition

Figure 17-5 I2C bus serial data transfer timing with stop termination
Instead of a stop condition the master may also send a repeated start

condition, when it wishes to keep hold of the bus and to start a new data
transfer.

SCLn

SDAN

Start Address R/W ACK Data ACK Data ACK Repeated start
condition condition

Figure 17-6 I2C bus serial data transfer timing with restart

The master device outputs the start condition, slave address, and stop
condition.

The acknowledge signal (ACK) can be output by either the master or slave
device (normally, it is output by the device that receives 8-bit data).

The serial clock (SCLn) is continuously output by the master device. However,
in the slave device, the SCLn pin’s low-level period can be extended and a wait
can be inserted.

17.8.1 Start condition

A start condition is met when the SCLn pin is high level and the SDAn pin
changes from high level to low level. The start condition for the SCLn and
SDAn pins is a signal that the master device outputs to the slave device when
starting a serial transfer. The slave device can detect the start condition.
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Figure 17-7

17.8.2

Figure 17-8

Note

SCLn

SDAN

Start condition

A start condition is output when the IICCn.STTn bit is set (1) after a stop
condition has been detected (IICSn.SPDn bit = 1). When a start condition is
detected, the IICSn.STDn bit is set (1). By setting ICCN.STTn=1 the master
device will also cancel its own wait status.

Addresses

The 7 bits of data that follow the start condition are defined as an address.

An address is a 7-bit data segment that is output in order to select one of the
slave devices that are connected to the master device via the bus lines.
Therefore, each slave device connected via the bus lines must have a unique
address.

The slave devices include hardware that detects the start condition and checks
whether or not the 7-bit address data matches the data values stored in the
SVAnN register. If the address data matches the values of the SVAn register, the
slave device is selected and communicates with the master device until the
master device transmits a start condition or stop condition.

SCLn 1 2 3 4 5 6 7 8 9

SDAnN _\ /AD6><AD5><AD4><AD3><AD2><AD1 ><ADO><R/W><

Address
Note

INTIICn

Address

The interrupt request signal (INTIICn) is generated if a local address or
extension code is received during slave device operation.

The slave address and the eighth bit, which specifies the transfer direction as
described in “Transfer direction specificationon page 499, are written together
to 1IC shift register n (1ICn) and then output. Received addresses are written to
the 1ICn register.

The slave address is assigned to the higher 7 bits of the [ICn register.
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17.8.3

Figure 17-9

Note

17.8.4

Transfer direction specification

In addition to the 7-bit address data, the master device sends 1 bit that
specifies the transfer direction. When this transfer direction specification bit
has a value of 0, it indicates that the master device is transmitting data to a
slave device. When the transfer direction specification bit has a value of 1, it
indicates that the master device is receiving data from a slave device.

SCLn 1] |2 3| 4| |5| |e]| [7]| [8] |9

SDAnN _\ /AD6><AD5><AD4><AD3><AD2><AD1><AD0><3/1NJ><

Transfer direction specification
Note

INTIICn

Transfer direction specification

The INTIICn signal is generated if a local address or extension code is
received during slave device operation.

Acknowledge signal (ACK)

The acknowledge signal (ACK) is used by the transmitting and receiving
devices to confirm serial data reception.

The receiving device returns one ACK signal for each 8 bits of data it receives.
The transmitting device normally receives an ACK signal after transmitting 8
bits of data. However, when the master device is the receiving device, it does
not output an ACK signal after receiving the final data to be transmitted. The
transmitting device detects whether or not an ACK signal is returned after it
transmits 8 bits of data. When an ACK signal is returned, the reception is
judged as normal and processing continues. If the slave device does not return
an ACK signal, the master device outputs either a stop condition or a restart
condition and then stops the current transmission. Failure to return an ACK
signal may be caused by the following two factors.

(a) Reception was not performed normally.
(b) The final data was received.

When the receiving device sets the SDAn line to low level during the ninth
clock, the ACK signal becomes active (normal receive response).

When the 1ICCn.ACKERn bit is set to 1, automatic ACK signal generation is
enabled.

Transmission of the eighth bit following the 7 address data bits causes the
IICSN.TRCn bit to be set. When this TRCn bit’s value is 0, it indicates receive
mode. Therefore, the ACKERN bit should be set to 1.

When the slave device is receiving (when TRCn bit = 0), if the slave device
does not need to receive any more data after receiving several bytes, clearing
the ACKERN bit to 0 will prevent the master device from starting transmission of
the subsequent data.
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Figure 17-10

Similarly, when the master device is receiving (when TRCn bit = 0) and the
subsequent data is not needed and when either a restart condition or a stop
condition should therefore be output, clearing the ACKER bit to 0 will prevent
the ACK signal from being returned. This prevents the MSB from being output
via the SDAnN line (i.e., stops transmission) during transmission from the slave
device.

SCLOn 1 2 3 4 5 6 7 8 9

SDAON _\ /AD6><AD5><AD4><AD3><AD2><AD1 ><ADO><RN7V\AC*K/7

ACK signal

When the local address is received, an ACK signal is automatically output in
synchronization with the falling edge of the SCLn pin’s eighth clock regardless
of the value of the ACKEnN bit. No ACK signal is output if the received address
is not a local address.

The ACK signal output method during data reception is based on the wait
timing setting, as described below.

When 8-clock wait is selected (IICCn.WTIMn bit = 0):

The ACK signal is output at the falling edge of the SCLn pin’s eighth clock if
the ACKERN bit is set to 1 before wait cancellation.

When 9-clock wait is selected (IICCn.WTIMn bit = 1):

The ACK signal is automatically output at the falling edge of the SCLn pin’s
eighth clock if the ACKER bit has already been set to 1.
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17.8.5 Stop condition
When the SCLn pin is high level, changing the SDAn pin from low level to high
level generates a stop condition.
A stop condition is a signal that the master device outputs to the slave device
when serial transfer has been completed. When used as the slave device, the
start condition can be
detected.
H
SCLn
SDANn
Figure 17-11 Stop condition
A stop condition is generated when the IICCn.SPTn bit is set to 1. When the
stop condition is detected, the IICSn.SPDn bit is set to 1 and the INTIICn
signal is generated when the IICCn.SPIEn bit is set to 1. By setting
IICCN.STPn=1 the master device will also cancel its own wait status.
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17.8.6 Wait signal (WAIT)

The wait signal (WAIT) is used to notify the communication partner that a
device (master or slave) is preparing to transmit or receive data (i.e., isin a
wait state).

Setting the SCLn pin to low level notifies the communication partner of the wait
status. When the wait status has been cancelled for both the master and slave
devices, the next data transfer can begin.

(1) When master device has a nine-clock wait and slave device has an eight-
clock wait (master: transmission, slave: reception, and IICCn.ACKEn

bit = 1)
Master (Tx)
Master returns to high
impedance but slave Wait after output
is in wait state (low level). of ninth clock.
| 1ICn data write (cancel wait)
lICn [
SCLn 6 7 8 9 1 2 3
Slave (Rx)
Wait after output
of eighth clock. FFH is written to 1ICn register or
IICCn.WRELRn bit is set to 1.
lICn I
SCLn
ACKEN H

Transfer lines

Wait signal Wait signal

from slave from master
SCLn 6 7 8 / |:| / 1 2 3
SDAnN >< D2 >< D1 >< DO >< ACK / D7 X D6 X D5

Figure 17-12 Wait signal (1/2)
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(2) When master and slave devices both have a nine-clock wait
(master: transmission, slave: reception, and ACKEn bit = 1)

Master (Tx) Master and slave both wait
after output of ninth clock.

| IICn data write (cancel wait)
liCn |
SCLn 6 7 8 9 1 2 3
1 1
Slave (Rx) ! !
| I FFH is written to IICn register
X X ; or WRELN bit is set to 1.
1ICn T T
|
SCLn |
1
|
ACKEn  H I
1
Wait signal |
Transfer lines from master ' Wait signal

/slave | from slave
SCLn 6| |7| [8]| |9 J o) 1] e 3\

SDAnN ><D2><D1><DO><{CK/ >< D7 ><D6><D5><

Output according to previously set ACKER bit value

Figure 17-13 Wait signal (2/2)

A wait may be automatically generated depending on the setting of the
ICCN.WTIMn bit.

Normally, when the 1ICCn.WRELRn bit is set to 1 or when FFH is written to the
IICn register on the receiving side, the wait status is cancelled and the
transmitting side writes data to the 1ICn register to cancel the wait status.

The master device can also cancel its own wait status via either of the following
methods.

* By setting the IICCn.STTn bit to 1
* By setting the IICCn.SPTn bit to 1
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17.9 1°C Interrupt Request Signals (INTIICn)

The following shows the value of the IICSn register at the INTIICn interrupt
request signal generation timing and at the INTIICn signal timing.

17.9.1 Master device operation

(1) Start ~ Address ~ Data ~ Data ~ Stop (normal transmission/reception)

<1> When WTIMn bit =0

SPTn bit =1
)

| ST |AD6toADO| RW | AK | D7 to DO | AK | D7 to DO | AK | SP |

A1l A2 A3 A4 A5
A1:1ICSn register = 10XXX110B
A2: 1ICSn register = 10XXX000B
A3: ICSn register = 10XXX000B (WTIMn bit = 1)
A4: ICSn register = 10XXXX00B
A 5: lICSn register = 00000001B

Remarks 1. A: Always generated
A:  Generated only when SPIEn bit = 1
X: don’t care
2.n=0to2

<2> When WTIMn bit =1

SPTn bit =1
\

| ST |AD6toADO| RW | AK | D7 to DO | AK | D7 to DO | AK | SP |

A1l A2 A3 A
A1: [ICSn register = 10XXX110B
AZ2: [ICSn register = 10XXX100B
A3: [ICSn register = 10XXXX00B
A 4: 1ICSn register = 00000001B

Remarks 1. A: Always generated
A:  Generated only when SPIEn bit = 1
X: don’t care
2.n=0to2
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(2) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop (restart)

<1> When WTIMn bit =0

STTn bit=1 SPTn bit =1
! )
| ST | ADG to ADO | RW | AK | D7 to DO | AK | ST | ADG to ADO | RwW | AK | D7 to DO | AK ‘ SP |

A1 A2 A3 A4 A5 A6 A7

A1:1ICSn register = 10XXX110B

A2: ICSn register = 10XXX000B (WTIMn bit = 1)

A3: 1ICSn register = 10XXXX00B (WTIMn bit = 0)

A4: 1ICSn register = 10XXX110B (WTIMn bit = 0)

A5: [ICSn register = 10XXX000B (WTIMn bit = 1)

AG: 1ICSn register = 10XXXX00B

A 7: 1ICSn register = 00000001B

Remarks 1. A: Always generated
A: Generated only when SPIEn bit = 1
X: don’t care
2.n=0to2

<2> When WTIMn bit = 1
STTn bit=1 SPTn bit =1

l l
| ST |AD6t0ADO| RW| AK | D7 to DO | AK | ST |AD6t0ADO| RW| AK | D7 to DO | AK ‘ SP |

A1 A2 A3 A4 A5
A1:1ICSn register = 10XXX110B
A2: |ICSn register = 10XXXX00B
A3: ICSn register = 10XXX110B
A4: 1ICSn register = 10XXXX00B
A 5: [ICSn register = 00000001B

Remarks 1. A: Always generated
A:  Generated only when SPIEn bit = 1
X: don’t care
2.n=0to2
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(38) Start ~ Code ~ Data ~ Data ~ Stop (extension code transmission)

<1> When WTIMn bit =0

SPTn bit =1
l

| ST |AD6toADO| RwW | AK | D7 to DO | AK I D7 to DO | AK | SP |

A1l A2 A3 A4 A5
A1:1ICSn register = 1010X110B
A2: 1ICSn register = 1010X000B
AZ3: ICSn register = 1010X000B (WTIMn bit = 1)
AA4: 1ICSn register = 1010XX00B
A 5: lICSn register = 00000001B

Remarks 1. A: Always generated
A:  Generated only when SPIEn bit = 1
X: don’t care
2.n=0to2

<2> When WTIMn bit =1

SPTn bit =1
\

| ST |AD6toADO| RwW | AK | D7 to DO | AK | D7 to DO | AK | SP |

A1l A2 A3 A4
A1:1ICSn register = 1010X110B
AZ2: [ICSn register = 1010X100B
AZ3: [ICSn register = 1010XX00B
A 4: 1ICSn register = 00000001B

Remarks 1. A: Always generated
A:  Generated only when SPIEn bit = 1
X: don’t care
2.n=0to2
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17.9.2 Slave device operation

(1) Start ~ Address ~ Data ~ Data ~ Stop

<1> When WTIMn bit =0

| ST ‘AD6toADO| RwW | AK | D7 to DO | AK | D7 to DO | AK | SP |

A1 A2
A1: 1ICSn register = 0001X110B
AZ2: |ICSn register = 0001X000B
A3: [ICSn register = 0001X000B
A 4: 1ICSn register = 00000001B

Remarks 1. A: Always generated

A:  Generated only when SPIEn bit = 1
X: don’t care
2.n=0to 2

<2> When WTIMn bit = 1

A3 A4

| ST ‘AD6t0ADO| RwW | AK | D7 to DO | AK | D7 to DO

|AK|SP|

A1l A2
A1: [ICSn register = 0001X110B
A2: [ICSn register = 0001X100B
A3: lICSn register = 0001XX00B
A 4: 1ICSn register = 00000001B

Remarks 1. A: Always generated
A:  Generated only when SPIER bit = 1
X: don’t care
2.n=0to2

A3 A4
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(2) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop

<1> When WTIMn bit = 0 (after restart, address match)

| ST |AD6t0ADO| RW| AK | D7 to DO | AK | ST |AD6t0ADO| RW| AK | D7 to DO ‘ AK | SP |

A1l A2 A3 A4 A5
A1:ICSn register = 0001X110B

AZ2: [ICSn register = 0001X000B
A3: 1ICSn register = 0001X110B
A4: 1ICSn register = 0001X000B
A 5: [ICSn register = 00000001B

Remarks 1. A: Always generated
A:  Generated only when SPIEn bit = 1
X: don’tcare
2.n=0to2

<2> When WTIMn bit = 1 (after restart, address match)

| ST |AD6t0ADO| RW | AK | D7 to DO | AK | ST |AD6t0ADO| RW| AK | D7 to DO ’ AK | SP |

A1l A2 A3 A4 A5
A1:1ICSn register = 0001X110B

A2: 1ICSn register = 0001XX00B
A3: [ICSn register = 0001X110B
A4: 1ICSn register = 0001XX00B
A 5: lICSn register = 00000001B

Remarks 1. A: Always generated
A:  Generated only when SPIEn bit = 1
X: don’t care
2.n=0to2
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(3) Start ~ Address ~ Data ~ Start ~ Code ~ Data ~ Stop

<1> When WTIMn bit = 0 (after restart, extension code reception)

| ST |AD6toADO| RW| AK | D7 to DO | AK | ST |AD6toADO| RW| AK | D7 to DO | AK ‘ SP |

A1l A2 A3 A4 A5
A1:1ICSn register = 0001X110B
A2: 1ICSn register = 0001X000B
A3: [ICSn register = 0010X010B
AA4: [ICSn register = 0010X000B
A 5: 1ICSn register = 00000001B

Remarks 1. A: Always generated
A:  Generated only when SPIEn bit = 1
X: don’t care
2.n=0to2

<2> When WTIMn bit = 1 (after restart, extension code reception)

| ST |AD610ADO| RW| AK | D7 to DO | AK | ST |AD6toADO| RW| AK | D7 to DO | AK ’ SP |

A1l A2 A3 A4 A5 AB
A1: 1ICSn register = 0001X110B
A2: [ICSn register = 0001XX00B
A3: 1ICSn register = 0010X010B
A4: 1ICSn register = 0010X110B
A5: [ICSn register = 0010XX00B
A 6: 1ICSn register = 00000001B

Remarks 1. A: Always generated
A:  Generated only when SPIEn bit = 1
X: don’t care
2.n=0to2
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(4) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop

<1> When WTIMn bit = 0 (after restart, address mismatch (= not extension code))

| S