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Notice

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

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

(2012.4)




NOTES FOR CMOS DEVICES

VOLTAGE APPLICATION WAVEFORM AT INPUT PIN

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the
CMOS device stays in the area between Vi (MAX) and ViH (MIN) due to noise, etc., the device may
malfunction. Take care to prevent chattering noise from entering the device when the input level is fixed,
and also in the transition period when the input level passes through the area between Vi (MAX) and
Vit (MIN).

HANDLING OF UNUSED INPUT PINS

Unconnected CMOS device inputs can be cause of malfunction. If an input pin is unconnected, it is
possible that an internal input level may be generated due to noise, etc., causing malfunction. CMOS
devices behave differently than Bipolar or NMOS devices. Input levels of CMOS devices must be fixed
high or low by using pull-up or pull-down circuitry. Each unused pin should be connected to Voo or GND
via a resistor if there is a possibility that it will be an output pin. All handling related to unused pins must
be judged separately for each device and according to related specifications governing the device.

PRECAUTION AGAINST ESD

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

STATUS BEFORE INITIALIZATION

Power-on does not necessarily define the initial status of a MOS device. Immediately after the power
source is turned ON, devices with reset functions have not yet been initialized. Hence, power-on does
not guarantee output pin levels, I/O settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after power-on for devices
with reset functions.

POWER ON/OFF SEQUENCE

In the case of a device that uses different power supplies for the internal operation and external
interface, as a rule, switch on the external power supply after switching on the internal power supply.
When switching the power supply off, as a rule, switch off the external power supply and then the
internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal
elements due to the passage of an abnormal current.

The correct power on/off sequence must be judged separately for each device and according to related
specifications governing the device.

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an I/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or 1/O pull-up power supply may cause malfunction and
the abnormal current that passes in the device at this time may cause degradation of internal elements.

Input of signals during the power off state must be judged separately for each device and according to
related specifications governing the device.




Readers

Purpose

Organization

How to Read This Manual

How to Use This Manual

This manual is intended for users who wish to understand the functions of the
V850ES/JC3-L, VB850ES/JES3-L and design application systems using these products.

This manual is intended to give users an understanding of the hardware functions of the
V850ES/JC3-L, VB850ES/JE3-L shown in the Organization below.

This manual is divided into two parts: Hardware (this manual) and Architecture (V850ES
Architecture User’s Manual).

Hardware Architecture
¢ Pin functions e Data types
¢ CPU function ¢ Register set
e On-chip peripheral functions e Instruction format and instruction set
e Flash memory programming o Interrupts and exceptions
o Electrical specifications (Target) ¢ Pipeline operation

It is assumed that the readers of this manual have general knowledge in the fields of
electrical engineering, logic circuits, and microcontrollers.

To understand the overall functions of the V850ES/JC3-L, V850ES/JE3-L
— Read this manual according to the CONTENTS.

To find the details of a register where the name is known
—Use APPENDIX C REGISTER INDEX.

Register format
— The name of the bit whose number is in angle brackets (<>) in the figure of the register
format of each register is defined as a reserved word in the device file.

To understand the details of an instruction function
— Refer to the VB50ES Architecture User’s Manual available separately.

To know the electrical specifications of the VB50ES/JC3-L (40-pin)
— See CHAPTER 30 ELECTRICAL SPECIFICATIONS (V850ES/JC3-L (40-pin))
(Target)

To know the electrical specifications of the V850ES/JC3-L (48-pin)
— See CHAPTER 31 ELECTRICAL SPECIFICATIONS (V850ES/JC3-L (48-pin))
(Target)

To know the electrical specifications of the V850ES/JE3-L
— See CHAPTER 32 ELECTRICAL SPECIFICATIONS (V850ES/JE3-L) (Target)

The “yyy bit of the xxx register” is described as the “xxx.yyy bit” in this manual. Note with
caution that if “xxx.yyy” is described as is in a program, however, the compiler/assembler
cannot recognize it correctly.



Conventions Data significance: Higher digits on the left and lower digits on the right

Active low representation: XXX (overscore over pin or signal name)

Memory map address: Higher addresses on the top and lower addresses on the
bottom

Note: Footnote for item marked with Note in the text

Caution: Information requiring particular attention

Remark: Supplementary information

Numeric representation: Binary ... xxxx or xxxxB

Decimal ... xxxx
Hexadecimal ... xxxxH
Prefix indicating power of 2 (address space, memory capacity):
K (kilo): 2" = 1,024
M (mega): 2° = 1,024°
G (giga): 2*° = 1,024°



Related Documents

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

Documents related to V850ES/JC3-L, V850ES/JE3-L

preliminary versions.

Document Name

Document No.

V850ES Architecture User's Manual

U15943E

V850ES/JC3-L, VB850ES/JE3-L Hardware User's Manual

This manual

Documents related to development tools

Document Name Document No.
QB-V850ESJX3L In-Circuit Emulator To be prepared
QB-V850MINI, QB-V850MINIL On-Chip Debug Emulator U17638E
QB-MINI2 On-Chip Debug Emulator with Programming Function U18371E
CA850 Ver. 3.20 C Compiler Package Operation U18512E
C Language U18513E
Assembly Language U18514E
Link Directives U18415E
PM+ Ver. 6.30 Project Manager U18416E
ID850QB Ver. 3.40 Integrated Debugger Operation U18604E
SM850 Ver. 2.50 System Simulator Operation U16218E
SMB850 Ver. 2.00 or Later System Simulator External Part User Open | U14873E
Interface Specification
SM+ System Simulator Operation U18601E
User Open Interface U18212E
RX850 Ver. 3.20 Real-Time OS Basics U13430E
Installation U17419E
Technical U13431E
Task Debugger U17420E
RX850 Pro Ver. 3.21 Real-Time OS Basics U18165E
Installation U17421E
Task Debugger U17422E
AZ850 Ver. 3.30 System Performance Analyzer U17423E
PG-FP5 Flash Memory Programmer U18865E




Other Documents

Document Name Document No.
SEMICONDUCTOR SELECTION GUIDE - Products and Packages — X13769X
Semiconductor Device Mount Manual Note
Quality Grades on Renesas Semiconductor Devices C11531E
Renesas Semiconductor Device Reliability/Quality Control C10983E
System
Guide to Prevent Damage for Semiconductor Devices by C11892E
Electrostatic Discharge (ESD)

Note See the “Semiconductor Device Mount Manual” website
(http://www2.renesas.com/pkg/en/mount/index.html).

Caution The related documents listed above are subject to change without notice.
Be sure to use the latest version of each document when designing.

Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.

IECUBE is a registered trademark of Renesas Electronics Corporation in Japan and Germany.

MINICUBE is a registered trademark of Renesas Electronics Corporation in Japan and Germany or a trademark in
the United States of America.

EEPROM is a trademark of Renesas Electronics Corporation

Applilet is a registered trademark of Renesas Electronics in Japan, Germany, Hong Kong, China, the Republic of
Korea, the United Kingdom, and the United States of America.

Windows and Windows NT are either registered trademarks or trademarks of Microsoft Corporation in the United
States and/or other countries.

SuperFlash is a registered trademark of Silicon Storage Technology, Inc. in several countries including the United
States and Japan.

PC/AT is a trademark of International Business Machines Corporation.

SPARCstation is a trademark of SPARC International, Inc.

Solaris and SunOS are trademarks of Sun Microsystems, Inc.

TRON is an abbreviation of The Realtime Operating System Nucleus.

ITRON is an abbreviation of Industrial TRON.
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CHAPTER 1 INTRODUCTION

The V850ES/JC3-L and V850ES/JE3-L are one of the products in the Renesas Electronics V850 single-chip
microcontroller series designed for low-power operation for real-time control applications.

1.1 General

The V850ES/JC3-L and V850ES/JES3-L are 32-bit single-chip microcontrollers that include the VB50ES CPU core and
peripheral functions such as ROM/RAM, timer/counters, serial interfaces, an A/D converter, a D/A converter.

In addition to high real-time response characteristics and 1-clock-pitch basic instructions, the The V850ES/JC3-L and
V850ES/JE3-L feature multiply instructions, saturated operation instructions, bit manipulation instructions, etc., realized by
a hardware multiplier, as optimum instructions for digital servo control applications. Moreover, as a real-time control
system, the V850ES/JC3-L and V850ES/JE3-L enable an extremely high cost-performance for applications that require
super low power consumption, such as PC peripheral device, ECR peripheral device, and industrial instrument.
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V850ES/JC3-L, VB50ES/JE3-L CHAPTER 1 INTRODUCTION
Table 1-1. V850ES/JC3-L Product List (1/2)
Generic Name V850ES/JC3-L
Part Number u PD70F3797 1 PD70F3798 1 PD70F3799 1 PD70F3800 1 PD70F3838
Internal | Flash memory 16 KB 32 KB 64 KB 128 KB 256 KB
memory | Ram 8 KB 8 KB 8 KB 8 KB 16 KB
Memory space 64 MB

General-purpose register

32 bits x 32 registers

Clock | Main clock

(oscillation frequency)

Ceramic/crystal

(in PLL mode: fx = 2.5 to 5 MHz (multiplied by 4), in clock through mode: fx = 2.5 to 10 MHz)
External clock

(in PLL mode: fx = 2.5 to 5 MHz (multiplied by 4), in clock through mode: fx = 2.5 to 5 MHz

Subclock
(oscillation frequency)

Crystal (fxr = 32.768 kHz)

Internal oscillator

fa = 220 kHz (TYP)

Minimum instruction
execution time

50 ns (main clock (fxx) = 20 MHz)

1/0O port 1/0: 27 (5 V tolerant/N-ch open-drain output selectable: 17)
Timer | 16-bit TMP 6 channels
16-bit TMQ 1 channel
16-bit TMM 1 channel
Watch timer 1 channel
RTC 1 channel
WDT 1 channel
Real-time output port 4 bits x 1 channel, 2 bits x 1 channel, or 6 bits x 1 channel
10-bit A/D converter 5 channels
8-bit D/A converter -
Serial CsiB 1 channel
interface | yARTA/CSIB -
CSIB/I’C bus 1 channel
UARTA/I’C bus 1 channel
UARTA 1 channel
DMA controller 4 channels (transfer target: on-chip peripheral I/O, internal RAM)
Interrupt source | External 6 (6)""
Internal 42

Power save function

HALT/IDLE1/IDLE2/STOP/subclock/sub-IDLE/
low-voltage STOP/low-voltage subclock/low-voltage sub-IDLE mode

Reset source

RESET pin input, watchdog timer 2 (WDT2), clock monitor (CLM), low-voltage detector (LVI)

CRC function

16-bit error detection code generated for 8-bit unit data

On-chip debug

MINICUBE®, MINICUBE2 supported

Operating power supply voltage

22t03.6V @5MHz, 2.7t0 3.6V @20 MHz

Operating ambient temperature

—40 to +85°C

Package

40-pin WQFN (6 x 6 mm)

Note The figure in parentheses indicates the number of external interrupts that can release STOP mode.
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V850ES/JC3-L, VB50ES/JE3-L CHAPTER 1 INTRODUCTION
Table 1-1. V850ES/JC3-L Product List (2/2)
Generic Name V850ES/JC3-L
Part Number 1 PD70F3801 1 PD70F3802 1« PD70F3803 1 PD70F3804 1 PD70F3839
Internal | Flash memory 16 KB 32 KB 64 KB 128 KB 256 KB
memory | pam 8 KB 8 KB 8 KB 8 KB 16 KB
Memory space 64 MB

General-purpose register

32 bits x 32 registers

Clock | Main clock

(oscillation frequency)

Ceramic/crystal

(in PLL mode: fx = 2.5 to 5 MHz (multiplied by 4), in clock through mode: fx = 2.5 to 10 MHz)
External clock

(in PLL mode: fx = 2.5 to 5 MHz (multiplied by 4), in clock through mode: fx = 2.5 to 5 MHz

Subclock
(oscillation frequency)

Crystal (fxr = 32.768 kHz)

Internal oscillator

fa = 220 kHz (TYP)

Minimum instruction
execution time

50 ns (main clock (fxx) = 20 MHz)

1/0O port 1/0: 34 (5 V tolerant/N-ch open-drain output selectable: 20)
Timer | 16-bit TMP 6 channels
16-bit TMQ 1 channel
16-bit TMM 1 channel
Watch timer 1 channel
RTC 1 channel
WDT 1 channel
Real-time output port 4 bits x 1 channel, 2 bits x 1 channel, or 6 bits x 1 channel
10-bit A/D converter 6 channels
8-bit D/A converter 1 channel
Serial CsSiB 2 channels
interface | yARTA/CSIB 1 channel
CSIB/I’C bus 1 channel
UARTA/I’C bus 2 channels
UARTA -
DMA controller 4 channels (transfer target: on-chip peripheral I/O, internal RAM)
Interrupt source | External 6 (6)""
Internal 46

Power save function

HALT/IDLE1/IDLE2/STOP/subclock/sub-IDLE/
low-voltage STOP/low-voltage subclock/low-voltage sub-IDLE mode

Reset source

RESET pin input, watchdog timer 2 (WDT2), clock monitor (CLM), low-voltage detector (LVI)

CRC function

16-bit error detection code generated for 8-bit unit data

On-chip debug

MINICUBE, MINICUBE2 supported

Operating power supply voltage

221t03.6V @5 MHz, 2.7 t0 3.6 V @20 MHz

Operating ambient temperature

—-40 to +85°C

Package

48-pin LQFP (7 x 7 mm), 48-pin WQFN (7 x 7 mm)

Note The figure in parentheses indicates the number of external interrupts that can release STOP mode.
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V850ES/JC3-L, VB50ES/JE3-L CHAPTER 1 INTRODUCTION
Table 1-2. V850ES/JE3-L Product List
Generic Name V850ES/JE3-L
Part Number u PD70F3805 1 PD70F3806 1 PD70F3807 1 PD70F3808 1 PD70F3840
Internal | Flash memory 16 KB 32 KB 64 KB 128 KB 256 KB
memory | Ram 8 KB 8 KB 8 KB 8 KB 16 KB
Memory space 64 MB

General-purpose register

32 bits x 32 registers

Clock | Main clock

(oscillation frequency)

Ceramic/crystal

(in PLL mode: fx = 2.5 to 5 MHz (multiplied by 4), in clock through mode: fx = 2.5 to 10 MHz)
External clock

(in PLL mode: fx = 2.5 to 5 MHz (multiplied by 4), in clock through mode: fx = 2.5 to 5 MHz)

Subclock
(oscillation frequency)

Crystal (fxr = 32.768 kHz)

Internal oscillator

fa = 220 kHz (TYP)

Minimum instruction
execution time

50 ns (main clock (fxx) = 20 MHz)

1/0O port 1/0: 50 (5 V tolerant/N-ch open-drain output selectable: 28)
Timer | 16-bit TMP 6 channels
16-bit TMQ 1 channel
16-bit TMM 1 channel
Watch timer 1 channel
RTC 1 channel
WDT 1 channel
Real-time output port 4 bits x 1 channel, 2 bits x 1 channel, or 6 bits x 1 channel
10-bit A/D converter 10 channels
8-bit D/A converter 1 channel
Serial CsSiB 3 channels
interface | yARTA/CSIB 1 channel
CSIB/I’C bus 1 channel
UARTA/I’C bus 2 channels
UARTA -
DMA controller 4 channels (transfer target: on-chip peripheral I/O, internal RAM)
Interrupt source | External 9 (9)**
Internal 48

Power save function

HALT/IDLE1/IDLE2/STOP/subclock/sub-IDLE/
low-voltage STOP/low-voltage subclock/low-voltage sub-IDLE mode

Reset source

RESET pin input, watchdog timer 2 (WDT2), clock monitor (CLM), low-voltage detector (LVI)

CRC function

16-bit error detection code generated for 8-bit unit data

On-chip debug

MINICUBE, MINICUBE2 supported

Operating power supply voltage

221t03.6V @5 MHz, 2.7 t0 3.6 V @20 MHz

Operating ambient temperature

—-40 to +85°C

Package

64-pin LQFP (10 x 10 mm)

Notes

The figure in parentheses indicates the number of external interrupts that can release STOP mode.
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CHAPTER 1

INTRODUCTION

1.2 Features

O Minimum instruction execution time: 50 ns (operating on main clock (fxx) of 20 MHz: Vop = 2.7 to 3.6 V)
200 ns (operating on main clock (fxx) of 5 MHz: Vob = 2.2 to 3.6 V)
30.5 i s (operating on subclock (fxt) of 32.768 kHz)

O General-purpose registers:

O CPU features:

O Memory space:

Internal memory:

O Interrupts and exceptions:

32 bits x 32 registers

Signed multiplication (16 x 16 — 32): 1 to 2 clocks
Signed multiplication (32 x 32 — 64): 1 to 5 clocks

Saturated operations (overflow and underflow detection functions included)
Most instructions can be executed in 1 clock cycle by using 32-bit RISC-based 5-stage

pipeline architecture

Instruction fetching from internal ROM and accessing internal RAM for data can be

executed separately, by using Harvard architecture

High code efficiency achieved by using variable length instructions

32-bit shift instruction: 1 clock cycle

Bit manipulation instructions

Load/store instructions with long/short format

64 MB of linear address space (for programs and data)

RAM:

8/16 KB (see Tables 1-1 and 1-2)

Flash memory: 16/32/64/128/256 KB (see Tables 1-1 and 1-2)

Internal external:
maskable Non- total maskable Non- total
maskable maskable

V850ES/JC3-L | PD70F3797 1 42 43 1 5 6
(140-pin) 4PD70F3798

#PD70F3799

1PD70F3800

#PD70F3838
V850ES/JC3-L | PD70F3801 1 46 47 1 5 6
(148-pin ) 4PD70F3802

#PD70F3803

#PD70F3804

#PD70F3839
VB850ES/JE3-L |PD70F3805 1 48 49 1 8 9

#PD70F3806

#PD70F3807

1PD70F3808

#PD70F3840

Software exceptions: 32 sources
Exception trap: 2 sources
O Ports: I/O ports: 27/34/50 (see Tables 1-1 and 1-2)
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V850ES/JC3-L, V850ES/JES3-L CHAPTER 1 INTRODUCTION

O Timer function: 16-bit interval timer M (TMM): 1 channel
16-bit timer/event counter P (TMP): 6 channels
16-bit timer/event counter Q (TMQ): 1 channel
Watch timer: 1 channel
Watchdog timer: 1 channel

Note The available functions differ for each product. For details, sce CHAPTER 6
16-BIT TIMER/EVENT COUNTER P (TMP).

O Real-time counter: 1 channel

@)

Real-time output port: 6 bits x 1 channel

O Serial interface: For details about the number of incorporated channels, see Tables 1-1 and 1-2.
Asynchronous serial interface A (UARTA)

Clocked serial interface B (CSIB)

I’C bus interface (I°C)

O A/D converter: 10-bit resolution: 5/6/10 channels (see Tables 1-1 and 1-2)
O D/A converter: 8-bit resolution: 0/1 channels (see Tables 1-1 and 1-2)

O DMA controller: 4 channels

O DCU (debug control unit): JTAG interface

O Clock generator: During main clock or subclock operation

7-level CPU clock (fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, fxT)
Clock-through mode/PLL mode selectable

O Internal oscillator clock: 220 kHz (TYP))

O Power-save functions: HALT/IDLE1/IDLE2/STOP/low-voltage STOP/subclock/sub-IDLE/
low-voltage subclock/low-voltage sub-IDLE mode

O Package: V850ES/JC3-L

40-pin plastic WQFN (6 x 6)
48-pin plastic LQFP (fine pitch) (7 x 7)
48-pin plastic WQFN (7 x 7)
VB850ES/JE3-L
64-pin plastic LQFP (fine pitch) (8 x 8)
O Power supply voltage: Vob=2.2V 10 3.6V (5 MHz)
Vob =2.7V t0 3.6 V (20 MHz)
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1.3 Application Fields

Digital cameras, electrical power meters, mobile terminals, digital home electronics, other consumer devices
1.4 Ordering Information

1.4.1 VB850ES/JC3-L

Part Number Package Internal Flash Memory
1 PD70F3797K8-4B4-AX 40-pin plastic WQFN (6 x 6) 16 KB
41 PD70F3798K8-4B4-AX 40-pin plastic WQFN (6 x 6) 32 KB
1 PD70F3799K8-4B4-AX 40-pin plastic WQFN (6 x 6) 64 KB
4 PD70F3800K8-4B4-AX 40-pin plastic WQFN (6 x 6) 128 KB
41 PD70F3838K8-4B4-AX 40-pin plastic WQFN (6 x 6) 256 KB
1 PD70F3801GA-GAM-AX 48-pin plastic LQFP (fine pitch) (7 x 7) 16 KB
4 PD70F3802GA-GAM-AX 48-pin plastic LQFP (fine pitch) (7 x 7) 32 KB
1 PD70F3803GA-GAM-AX 48-pin plastic LQFP (fine pitch) (7 x 7) 64 KB
41 PD70F3804GA-GAM-AX 48-pin plastic LQFP (fine pitch) (7 x 7) 128 KB
4 PD70F3839GA-GAM-AX 48-pin plastic LQFP (fine pitch) (7 x 7) 256 KB
4 PD70F3801K8-5B4-AX 48-pin plastic WQFN (7 x 7) 16 KB
1 PD70F3802K8-5B4-AX 48-pin plastic WQFN (7 x 7) 32 KB
4 PD70F3803K8-5B4-AX 48-pin plastic WQFN (7 x 7) 64 KB
41 PD70F3804K8-5B4-AX 48-pin plastic WQFN (7 x 7) 128 KB
41 PD70F3839K8-5B4-AX 48-pin plastic WQFN (7 x 7) 256 KB

Remark The V850ES/JC3-L is a lead-free product.

1.4.2 VB850ES/JE3-L

Part Number Package Internal Flash Memory
4 PD70F3805GB-GAH-AX 64-pin plastic LQFP (fine pitch) (10 x 10) 16 KB
4 PD70F3806GB-GAH-AX 64-pin plastic LQFP (fine pitch) (10 x 10) 32 KB
4 PD70F3807GB-GAH-AX 64-pin plastic LQFP (fine pitch) (10 x 10) 64 KB
4 PD70F3808GB-GAH-AX 64-pin plastic LQFP (fine pitch) (10 x 10) 128 KB
4 PD70F3840GB-GAH-AX 64-pin plastic LQFP (fine pitch) (10 x 10) 256 KB

Remark The V850ES/JE3-L is a lead-free product.
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1.5 Pin Configuration (Top View)

¢ V850ES/JC3-L

40-pin plastic WQFN (6 x 6)

4 PD70F3797K8-4B4-AX
4 PD70F3800K8-4B4-AX

4 PD70F3798K8-4B4-AX

4 PD70F3838K8-4B4-AX

1 PD70F3799K8-4B4-AX

«~() P31/RXDAO/INTP7

~=() P30/TXDAO

() FLMDQ"ete!

<= PO5/INTP2/DRST

<+~() P55/SCKB2/KR5/RTP05/DMS

<+ P54/SOB2/KR4/RTP04/DCK

-~ P53/SIB2/KR3/TIQ00/TOQO0/RTP0O3/DDO
-~ P52/TIQ03/KR2/TOQO3/RTP02/DDI
~~QO P51/TIQ02/KR1/TOQO2/RTPO1

"’O P50/TIQ01/KRO/TOQO01/RTP00

B b
S &
£ k&
o 5 o
g & g
5 b £ B
°S - N ® = E E ] 3
zZ zZ z z z z z o
$ £ 555925 §5Enq
S = & © 2 =
EEEEEE R Q2 QB
TT9799999¢%
(=] (] o] N~ © [Ts) < () ] —
~ (<] [<2] ™ (] (<] ™ ™ ™ ™
AVrero O—1 T T T  aposeddiepad ! %0
7
AVss O—2 [ | 29
Voo O—38 : l 28
! |
REGC*** O—4 | \ 27
! |
Vss O—|5 | 2
|
X1 O—|6 : | o5
|
X2 O—|7 | | 24
RESET O—{8 : : 03
|
! |
xT2O—10 L ‘ o1
TN e 3o oe s @ 2 g
O OO é) é) OO O0O0O0
= b w
Y 2 89 x X
g o » O 5§ o 4
EE s 2 < %
2 B E
<D( 8 E < © ~
S o o o
= S =
£ g ?
3
o

Notes 1. The FLMDO pin is used in flash programming. Connect this pin to Vss in the normal operation mode.
2. Connect the REGC pin to Vssvia a 4.7 uF (recommended value) capacitor.
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* V850ES/JC3-L
48-pin plastic WQFN (7 x 7)

1 PD70F3801K8-5B4-AX 1 PD70F3802K8-5B4-AX 1 PD70F3803K8-5B4-AX
1 PD70F3804K8-5B4-AX 4 PD70F3839K8-5B4-AX
o —
[Te) wn
58 8
E E g
8 b £
oo S
5 B S 3
o o - E S
© - o 2 x B E E o = 5
zZ =z z z z z z z o 9O L
£ £ £ £ £ £ 2 5 35 2 2 9
o — (Y (2] < o) — hy
ErEEEREEEE Q228 CRE
299999999999
o) ~ (o) [Xo) < 5] [aY] — o D «© N~
< < <t < < < < < < (S} @ @
AVeere O—]1 P | 36{=~( P99/SCKB1
/ exposed die pad - SCKB4,
Avss O—2 K ! 35|=>() P32/ASCKAO0/SCKB4/TIPOO/TOPOO
| | -
P10/ANCO ()3 ‘ ‘ 34(<=() P31/RXDA0/INTP7/SIB4
| I
Aveerr O—|4 | | 33[«=() P30/TXDA0O/SOB4
| Note1
voo (O—{5 : | 32[«—() FLMDO
! | e
eV O—]6 \ | 31[ .. () POS/INTP2/DRST
| I
Ves O—7 | | 30/ ..() P55/SCKB2/KRS/RTPO5/DMS
| |
X1 O—|8 | | 29| <~ (O P54/SOB2/KR4/RTP04/DCK
! I
x2 O—|o | ‘ 28|~ () P53/SIB2/KR3/TIQ00/TOQOO/RTPO3/DDO
|
REseT O—|10 | | 27|«=() P52/TIQ03/KR2/TOQO3/RTP02/DDI
| |
xT1 O+ 11 S ! 26(«~() P51/TIQ02/KR1/TOQ02/RTPO1
xt2 O—112 25|« P50/TIQ01/KRO/TOQO1/RTPOO
5] <t n o N~ [ee) [¢] o — [ [s¢] <
— — — — — — — [sY (oY N [ N
OOOJ)Q)OOOOOOO
s ¥ 3 8 88 8 z 5|8 8 8
zZ = a > o = A < 2 |x < 3
o = qa o 3 9 § = -
s & 28283 8 §
= E xX X S @ X x
o @ E T 3 = £ T
< (o] [+9) () o < © N~
= o [<¢] 2] o o o
[=} o o X X
= S =
z g B
2}
o
o
Notes 1. The FLMDO pin is used in flash programming. Connect this pin to Vss in the normal operation mode.
2. Connect the REGC pin to Vssvia a 4.7 uF (recommended value) capacitor.
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* V850ES/JC3-L
48-pin plastic LQFP (fine pitch) (7 x 7)

4 PD70F3801GA-GAM-AX 4 PD70F3802GA-GAM-AX 1 PD70F3803GA-GAM-AX
4 PD70F3804GA-GAM-AX 4 PD70F3839GA-GAM-AX
o —
[Te) 0
58 %
EE 3
£ e 3
5 B S 3
o o - E s
© - o @ x © E E @ = 35
zZ z z z z z z z o 9O @
£ £ £ £ £ £ 2 5 35 2 2 9
o - [ o0 < e} hay hay
E R EER 2R 8RB
209999999999
©Q N~ © 1o} < (s} Al — o (2] « N~
< < < < < < < < < (] (<) ™
AVeero O—] 1 36[«~( P99/SCKB1
avss O—12 35|<+=() P32/ASCKA0/SCKB4/TIPOO/TOP0OO
P10/ANCO ()3 34[«=() P31/RXDAV/INTP7/SIB4
AVrerr O—14 33|+~ P30/TXDA0/SOB4
2 Note1
Voo O—15 32— FLMDO
1 [
regche O—16 31|«=( PO5/INTP2/DRST
vee O—]7 30|=+~() P55/SCKB2/KR5/RTP05/DMS
xi O—|8 29|~+~() P54/SOB2/KR4/RTP04/DCK
x2 O—Jo 28|==() P53/SIB2/KR3/TIQ00/TOQO0/RTPO3/DDO
RESET O—]10 27[+=O P52/TIQ03/KR2/TOQO3/RTP0O2/DDI
xT1 O—]|11 26[==O P51/TIQ02/KR1/TOQ02/RTPO1
xt2 O—}12 25|~=O P50/TIQ01/KRO/TOQO1/RTP00
(2] < wn © ~ [s0) [« o — [V 2] <
— — — — — — — N [V} 3\ 4V [\
OOOé)é)OOOOOOO
s ¥ 3 8 88 8 5z &8 8 8
Z = ao > o < 4 < J|x = 2
o - a o S 9 a = -
5 N <C < @ o < < <
g < g R 2 g+ 8 8
E 5 E g z S
< Q 8 g3 o 7 g
o o o < X
= S e
Z g 2
[v2)
o
o
Notes 1. The FLMDO pin is used in flash programming. Connect this pin to Vss in the normal operation mode.
2. Connect the REGC pin to Vssvia a 4.7 uF (recommended value) capacitor.
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e V850ES/JE3-L
64-pin plastic LQFP (fine pitch) (10 x 10)

1 PD70F3805GB-GAH-AX 1 PD70F3806GB-GAH-AX 1 PD70F3807GB-GAH-AX
1 PD70F3808GB-GAH-AX 4 PD70F3840GB-GAH-AX
o
0 w
58 %
EE &
B b £
a o ]
5 5
oo - k£ S
S -y 0L ero@ EE@D= 3
zZzzzzzz2z2z2z Z Zo02L
TTTTT2212225520239
S ~ AN O F IO © N~ 0 O — —
EEEREREEEEERERRRRRE
ARRATAARRAR RN
T O N - O O 0N © 1 T 0O N - O O
© © © © © 1 v O’ ! v v v v u wu <
AVrero O—|1 : 48|==() P99/SCKB1
Avss O—2 47|~=() P32/ASCKA0/SCKB4/TIPOO/TOPOO
P10/ANO0 (-~|3 46(<=() P31/RXDAO/INTP7/SIB4
AVrerr O—]4 45|-=() P30/TXDA0O/SOB4
Voo O—1s 44|==) P34/TIP10/TOP10
REGC™* ()6 43|<=() P33/TIP01/TOPO1
vss O—|7 42|«~—) FLMDONe"
x1 O—|s 41|==O PO5/INTP2/DRST
x2 O—9 40|+~ P55/SCKB2/KR5/RTPO5/DMS
RESET O—|10 39[«~(0) P54/SOB2/KR4/RTP04/DCK
XT1 O—]11 88[«~(0 P53/SIB2/KR3/TIQO0/TOQO0/RTPO3/DDO
xt2 O—12 37[=~Q P52/TIQ03/KR2/TOQO3/RTP0O2/DDI
P913/INTP4 O=~|13 36[«~Q P51/TIQ02/KR1/TOQ02/RTPO1
P912/SCKB3 O=+|14 35~ P50/TIQ01/KRO/TOQO1/RTPOO
P911/5083 Q=~|15 34|=~Q P93/TIP40/TOP40
Pot0/siB3 O==|16 33|==O P92/TIP41/TOPA1
N 00 O ©O m A O ¥ 1B O I~ 0 OO O — o
- - ™ AN N NN NN NN NN ;oM
= N dJd O — +~ + [=] O O = = |0 o [aV)
=igEEgs8dE83a5EE;
SeEseee 220332 2
- R 22839 % %
G508z S828+ 8 3
T o EEE X X 2 x X X
EE §$% 5 Exgz EC
<z g2g2¢ 833 g¢§
> E o o o e cc
£ E S =
z Z S >
= = o o
g 3
T o
Notes 1. The FLMDO pin is used in flash programming. Connect this pin to Vss in the normal operation mode.
2. Connect the REGC pin to Vssvia a 4.7 uF (recommended value) capacitor.
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Pin functions

ADTRG: A/D trigger input RESET: Reset

ANIO to ANI9: Analog input RTC1HZ, Real-time Counter Clock Output
ANOO: Analog output RTCCL, RTCDIV

ASCKAO: Asynchronous serial clock RTPOO to RTPO5: Real-time output port
AVREeFo, AVREF1: Analog reference voltage RXDAO to RXDA2: Receive data

AVss: Analog Vss SCKBO to SCKB4: Serial clock

DCK: Debug clock SCLO0O0 to SCLO2: Serial clock

DDI: Debug data input SDAO0O to SDAO02: Serial data

DDO: Debug data output SIBO to SIB4: Serial input

DMS: Debug mode select SOBO0 to SOB4: Serial output

DRST: Debug reset TIPOO, TIPO1, Timer input

EVop: Power supply for external pin TIP10, TIP11,

EVss: Ground for external pin TIP20, TIP21,

FLMDO, FLMD1: Flash programming mode TIP31,

INTPO to INTP7: External interrupt input TIP40, TIP41,

KRO to KR7: Key return TIP50, TIP51,

NMI: Non-maskable interrupt request ~ TIQOO0 to TIQO3:

P02 to P06: Port 0 TOPOO, TOPO1, Timer output

P10: Port 1 TOP10, TOP11,

P30 to P35, TOP20, TOP21,

P38, P39: Port 3 TOP31,

P40 to P42: Port 4 TOP40, TOP41,

P50 to P55: Port 5 TOP50, TOP51,

P70 to P79: Port 7 TOQOO0 to TOQO3: Transmit data

P90 to P94, TXDAO to TXDA2:

P96 to P915: Port 9 Vob: Power supply

PCMO: Port CM Vss: Ground

PDL15: Port DL X1, X2: Crystal for main clock
REGC: Regulator control XT1, XT2: Crystal for subclock
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1.6 Function Block Configuration
1.6.1 Internal block diagram

(1) V850ES/JC3-L (40-pin)

ey ROM RAM
s Timer/counter function E Note1 Note2 -
: TIP20, TIP :
: TiPy, Tipey = te-oittimer/ ke i DMA
: event counter P:| \
H TOP20, TOP50, H
: ToP21, ToPs1 <—___ &N : v = .
: TIQOO to TIQO3 ) 16{bit “rqef/ a <:> @
' event counter Wi K Multiplier 32-bit barrel
: TOQUOto TOQO3<— 1 ¢ch : 16x16 32 [ ||~ shifter
16-bit interval <:> <= Syjst;em
' timer M: registers BCU
: 1¢ch : ]
H «—>|| Generalpurpose
H Watchdog <5> registers 32 bits x 32 ——
H timer 2: 1ch |7 x
Watch timer: |4
ich <:> @ v
: RTCIHZ = Realtime | : ﬁ ﬁ
H counter: | R
: 1ch : | Ports | - S0 |
. converter — ca [ X
: RTPOO to RTP05 <] RTO:1ch K> L XT2
N oW W T W AN — W ‘ ~— RESET
pTTTTIm T I A : 2adaadld —~ " Internal
+ Serial interface function : f% o985 w Qg8 oscillato
E ' —ooof Q ESxZ
: SOBO, SOB2 <— : SN 5253 | =L o™
: SIB0, SIB2 —> csIB:2¢h k= 5 S p
: SCKBO,5CKB2 <= : e z |~
E H § Voo
H H - Regulator [—— Vss
: : P H—
E SDAO00, SDA02 <=> G- 2 ch : % A REGC
: SCL00, SCL02 <=} ' S
: Interrupt function
: TXDAO, TXDA2 < | oo | ; . Flash [~ FLMDO
RXDAO, RXDA2 .= ¥ <~ N D NMI ' controller |~— FLMD1
: H ! <—INTPO, INTP2, :
Py ey aea H - INTP5 to INTP7:
o Key Interuptle—yRo to kKR7 — EVoo
CRC L j — EVss
i Debug function
; -—DRST |
; ~—DMS
5 DCU -—DDI
5 -—DCK !
: —~DDO |
LR
Notes1. PD70F3797:16 KB, p#PD70F3798: 32 KB, ©PD70F3799: 64 KB, ©PD70F3800: 128 KB,
#PD70F3838: 256 KB
2. pPD70F3797, 70F3798, 70F3799, 70F3800: 8 KB,
#PD70F3838: 16 KB
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(2) V850ES/JC3-L (48-pin)

Frm e ROM RAM
Timer/counter function : Note1 Note2 <
TIPOO, TIP20, TIP50, — :
TIP21, TIP51 => 16-bit timer/ - {} DMA
TOPO00, TOP20, TOP50 event COuhnter P C X
"TOP21, TOP51 < 6¢ PU [—>

: PC 0
TIQ00 to TIQO3E=D{ _ {6t tmer/ i
event counter Q: Multiplier 32-bit barrel
T0Q00 to TOQ03 <= ***" (% Mtpler || 32-bitbar
<>

1ch

16-bit interval | System
timer M: [ — registers BCU
|| General-purpose ||
Watchdog <:> registers 32 bits x 32 Iy
timer 2: 1ch |7 ~
Watch timer: :
T [ ¢ S
RTC1HZ = Real-time | : ﬁ ﬁ ﬁ
counter: |ty L %1
LI R Ports || om || ao | %2
H converter| | converter cal™ XT1
RTPOO to RTP05 <=| RTO:1ch K L 1o
H Za>hbadoaas —] Internal
1 Serial interface function : ga Lo0ce & 881 vgge oscillato
: ; Socoo o 2£ EizZ
: SOBO to SOB2,S0B4 <—] : SERdl o << 2% of [~ CM
: SIBO to SIB2,SIB4 C—> CSIB:4ch K e e o
: SCKBO to SCKB2,5CKB4 <= : ° z |~
E : 8 Vob
: H f‘_-_ Regulator [—— Vss
H SDAO0O to SDA02 <> H ) I
: ° [2C:3ch K= a o REGC
: SCL0O to SCLO2 <= : S
: : ! Interrupt function
: TXDAO o TXDA2 <— | o | : . Flash [ FLMDO
: RXDAO to RXDA2 == VAT < e wte [T NMI ' controller |~— FLMD/1
: ASCKAO —=__ - : ; K—IINTPO, INTP2,
s - : — INTP5 to INTP7:
1+ Key interrup i
oRC <:::> function ::IKRO to KR7 E EVop
L K — EVss

Debug function

DCU -— DDI

Notes1. 4PD70F3801: 16 KB, #PD70F3802: 32 KB, xPD70F3803: 64 KB, PD70F3804: 128 KB,
uPD70F3839: 256 KB
2. 4PD70F3801, 70F3802, 70F3803, 70F3804: 8 KB,
uPD70F3839: 16 KB
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(3) V850ES/JE3-L
ROM RAM
: Timer/counter function Note1 Note2 )
"TIPOO to TIP20, TIP40, TIP :
{T1P00 1o TIP2G, L Tipay == 16-bittimer ko i DMA
TTOPOO to TOP20, TOP40, TOP50 event counter P:| 2
: TOP00 to TOPS1 &N : o =
' TIQOO to TIQO3 =] 16{bit tirr;er/Q <:> U
' event counter Q: ipli -bi
: TOQOOto TOQO3<— 1 ¢ch . e s [ % Shinar
: 16-bit interval | <[ System
H timer M: registers BCU
: 1ch : —
: : <—>|| General-purpose |
H Watchdog = registers 32 bits x 32| ==
H timer 2: 1ch |7 ~
Watch timer: :
H ich <E"> O
; j y
: RTC1HZ = Realtme | : ﬁ ﬁ ﬁ
H RTCCL —— counter: L L X1
: RTCDIV —___1<h Al Ports [ on AD ) PLL x2
H converter| | converter ca [ XT1
: RTPOO to RTP05 <—| RTO:1ch k& | Y7o
: : | ~— RESET
----------------------------------------------- oL OoOWANDO O
Zpoafanasn ] Internal
1 Serial interface function : Qaa 2220 ©° 8% ©E82 oscillato
5 : ee898 8 22 ES2T| L~ om
: SOBO to SOB4 <—] ' soaad,g o << 2< 9
: SIBO to SIB4 | CSIB:5ch K= g o S
: SCKBO to SCKB4 <=> : S S z| =~
E H % =} Vob
' -— (2]
H H o o Regulator [—— Vss
' : » —
: SDAC0 to SDA02 <= v 4 1 ) @ B REGC
: SCLOO to SCL02 <= :
Interrupt function
: TXDAOto TXDAZ <—f o | ; : Flash [ FLMDO
5 RXDAO to RXDA2 > U: o <~ e wte T NMI : controller {~— FLMD1
: ASCKAQ — : , <—JINTPO to INTP7:
- Kefmnctﬁgrt‘p‘ K——KROtoKR7 ! —— EVoo
CRC <= E__________________________________f — EVss
Debug function
; -—DRST
; -—DMS
‘| bcu |=—DDI
f -—DCK
5 —~DDO !
Notes1. 4PD70F3805: 16 KB, ¢PD70F3806: 32 KB, ;PD70F3807: 64 KB, 1PD70F3808: 128 KB,
#PD70F3840: 256 KB
2. 4PD70F3805, 70F3806, 70F3807, 70F3808: 8 KB,
#PD70F3840: 16 KB
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1.6.2 Internal units

(1) CPU
The CPU uses five-stage pipeline control to enable single-clock execution of address calculations, arithmetic logic
operations, data transfers, and almost all other instruction processing.
Other dedicated on-chip hardware, such as a multiplier (16 bits x 16 bits — 32 bits) and a barrel shifter (32 bits)
contribute to faster complex processing.

(2) Bus control unit (BCU)
The BCU controls the internal bus.

(3) Flash memory (ROM)
This is a 256/128/64/32/16 KB flash memory mapped to addresses 0000000H to 003FFFFH/0000000H to
001FFFFH/0000000H to 000FFFFH/0000000H-0007FFFH/0000000H-0003FFFH.
It can be accessed from the CPU in one clock during instruction fetch.

(4) RAM
This is a 16/8 KB RAM mapped to addresses 3FFBOOOH to 3FFEFFFH/3FFDO0OH to 3FFEFFFH. It can be
accessed from the CPU in one clock during data access.

(5) Interrupt controller (INTC)
This controller handles hardware interrupt requests (NMI, INTPO to INTP7) from on-chip peripheral hardware and
external hardware. Eight levels of interrupt priorities can be specified for these interrupt requests, and multiplexed
interrupt servicing control can be performed.

(6) Clock generator (CG)
A main clock oscillator and subclock oscillator are provided and generate the main clock oscillation frequency (fx)
and subclock frequency (fxT), respectively. There are two modes: In the clock-through mode, fxis used as the main
clock frequency (fxx) as is. In the PLL mode, fxis used multiplied by 4.
The CPU clock frequency (fcru) can be selected from among fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, and fxT.

(7) Internal oscillator
An internal oscillator is provided on chip. The oscillation frequency is 220 kHz (TYP). The internal oscillator
supplies the clock for watchdog timer 2 and timer M.

(8) Timer/counter
Six-channel 16-bit timer/event counter P (TMP), one-channel 16-bit timer/event counter Q (TMQ), and one-channel
16-bit interval timer M (TMM), are provided on chip.

(9) Watch timer
This timer counts the reference time period (0.5 s) for counting the clock (the 32.768 kHz subclock or the 32.768
kHz fsra clock from the prescaler). The watch timer can also be used as an interval timer based on the main clock.
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(10)

Real-time counter (for watch)

The real-time counter counts the reference time (one second) for watch counting based on the subclock (32.768
kHz) or main clock. This can simultaneously be used as the interval timer based on the main clock. Hardware
counters dedicated to year, month, day of week, day, hour, minute, and second are provided, and can count up to
99 years.

(11) Watchdog timer 2
A watchdog timer is provided on chip to detect inadvertent program loops, system abnormalities, etc.
The internal oscillator clock, the main clock, or the subclock can be selected as the source clock.
Watchdog timer 2 generates a non-maskable interrupt request signal (INTWDT2) or a system reset signal
(WDT2RES) after an overflow occurs.

(12) Serial interface
The V850ES/JC3-L, V850ES/JE3-L include three kinds of serial interfaces: asynchronous serial interface A
(UARTA), 3-wire variable-length serial interface B (CSIB), and an I’C bus interface (I°C).

(13) A/D converter
This 10-bit A/D converter includes 10/6/5 analog input pins. Conversion is performed using the successive
approximation method.

(14) D/A converter
A 1/0-channel, 8-bit-resolution D/A converter that uses the R-2R ladder method is provided on chip.

(15) DMA controller
A 4-channel DMA controller is provided on chip. This controller transfers data between the internal RAM and on-
chip peripheral I/O devices in response to interrupt requests sent by on-chip peripheral I/O.

(16) Key interrupts function
A key interrupt request signal (INTKR) can be generated by inputting a falling edge to the key input pins (8
channels).

(17) Real-time output function
The real-time output function transfers preset 6-bit data to output latches upon the occurrence of a timer compare
register match signal.

(18) CRC function
A CRC operation circuit that generates a 16-bit CRC (Cyclic Redundancy Check) code upon the setting of 8-bit
data is provided on-chip.
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(19) DCU (debug control unit)
An on-chip debug function that uses the JTAG (Joint Test Action Group) communication specifications is provided.
Switching between the normal port function and on-chip debugging function is done with the control pin input
level and the OCDM register.

(20) Ports

The following general-purpose port functions and control pin functions are available.

Table 1-2. Port Functions (V850ES/JC3-L (40-pin))

Port I/0 Alternate Function
PO 3-bit I/0 NMI, external interrupt, A/D converter trigger, debug reset, real-time counter output
P3 2-bit 110 External interrupt, serial interface
P4 3-bit I/O Serial interface
P5 6-bit 110 Timer I/O, real-time output, key interrupt input, serial interface, debug I/0
P7 5-bit I/0 A/D converter analog input
P9 6-bit I/0 Serial interface, key interrupt input, timer 1/O, external interrupt
PCM 1-bit I/O -
PDL 1-bit I/O -

Table 1-3. Port Functions (V850ES/JC3-L (48-pin))

Port I/0 Alternate Function
PO 3-bit 110 NMI, external interrupt, A/D converter trigger, debug reset, real-time counter output
P1 1-bit 110 D/A converter analog output
P3 5-bit 110 External interrupt, serial interface, timer I/O
P4 3-bit 110 Serial interface
P5 6-bit 110 Timer I/O, real-time output, key interrupt input, serial interface, debug I/0
P7 6-bit I/0 A/D converter analog input
P9 8-bit 110 Serial interface, key interrupt input, timer 1/O, external interrupt
PCM 1-bit 110 -
PDL 1-bit I/O -

Table 1-4. Port Functions (V850ES/JE3-L)

Port I/0 Alternate Function
PO 5-bit I/0 NMI, external interrupt, A/D converter trigger, debug reset, real-time counter output
P1 1-bit 110 D/A converter analog output
P3 8-bit 110 External interrupt, serial interface, timer I/O
P4 3-bit 110 Serial interface
P5 6-bit 1/10 Timer I/O, real-time output, key interrupt input, serial interface, debug I/0
P7 10-bit I/O A/D converter analog input
P9 15-bit I/0 Serial interface, key interrupt input, timer I/O, external interrupt
PCM 1-bit 110 -
PDL 1-bit I/0 -
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CHAPTER 2 PIN FUNCTION

2.1 List of Pin Functions

The functions of the pins in the V850ES/JC3-L, VB50ES/JES-L are described below.

CHAPTER 2 PIN FUNCTIONS

There are 2 or 3 types of pin I/O buffer power supplies: AVrero, AVRer1, and EVob. The relationship between these
power supplies and the pins is described below.

Table 2-1. Pin I/O Buffer Power Supplies (V850ES/JC3-L : 40-pin products)

Power Supply Corresponding Pins
AVRero Port 7
EVop RESET, ports 0, 3to 5, 9, CM, DL, FLMDO

Table 2-2. Pin I/O Buffer Power Supplies (V850ES/JC3-L : 48-pin products)

Power Supply Corresponding Pins
AVRero Port 7
AVreF1 Port 1
EVoo RESET, ports 0, 3to 5, 9, CM, DL, FLMDO

Table 2-3. Pin I/0O Buffer Power Supplies (V850ES/JE3-L : 64-pin products)

Power Supply Corresponding Pins
AVrero Port 7
AVReF1 Port 1
EVoo RESET, ports 0, 3to 5, 9, CM, DL, FLMDO

R0O1UHO018EJ0200 Rev.2.00
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CHAPTER 2 PIN FUNCTION

(1) Port functions

(1/2)

Function Pin No. 110 Description Alternate Function

JC3L | JC3L | JE3L
(40) | (48)
P02 11 13 17 /0 | Port O (refer to 4.3.1) NMI
PO3 12 | 14 | 18 5-bit I/ port INTPO/ADTRG/RTC1HZ
Input/output can be specified in 1-bit units. RTODIV/RTOG
Po4 _ _ 19 N-ch open-drain output can be specified in 1-bit units. INTP1/RTCDIV/RTCCL
Po5"*® 27 31 41 5 V tolerant. INTP2/DRST
P06 - - | 20 INTP3
P10 _ 3 3 1/0 | Port 1 (refer to 4.3.2) ANOO
1-bit 1/0 port (VB50ES/JC3-L: 48-pin, VB50ES/JE3-L
only).
Input/output can be specified in 1-bit units.
P30 — 33 45 /0 |Port 3 (refer to 4.3.3) TXDAO0/SOB4
29 7 7 2-b!t I/O port (V850ES/JC3-L : 40-p!n) TXDAO
a1 ” 6 5-bit 1/0 port (VB50ES/JC3-L : 48-pin)
S B A 8-bit I/O port (V850ES/JES-L) RXDAOINTP7/SIB4
30 - - Input/output can be specified in 1-bit units. RXDAO/INTP7
P32 _ 35 47 N-ch open-drain output can be specified in 1-bit units. | ASCKA0/SCKB4/TIPO0/TOP0O0
P33 I 5V tolerant. TIPO1/TOPO1
P34 - - 44 TIP10/TOP10
P35 _ _ 23 TIP11/TOP11
P38 - 18 26 TXDA2/SDA00
P39 - 19 27 RXDA2/SCL00
P40 16 20 28 /0 | Port 4 (refer to 4.3.4) SIB0O/SDAO1
3-bit I/O port
P41 17 21 29 Input/output can be specified in 1-bit units. SOBO0/SCLO1
N-ch open-drain output can be specified in 1-bit units.
P42 18 | 22 | 30 5V tolerant. SCKBO
P50 21 | 25 | 35 | /O |Port5 (referto 4.3.5) TIQ01/KRO/TOQO1/RTPO0
P51 22 | 26 | 36 6-bit IO port TIQO2/KR1/TOQ02/RTPOT
oo Input/output can be specified in 1-bit units.

5 23 27 37 N-ch open-drain output can be specified in 1-bit units. TIQO3/KR2/TOQO3/RTPO2/DDI
P53 24 28 38 5V tolerant. SIB2/KR3/TIQ00/TOQ00/RTP03/DDO
P54 25 29 39 SOB2/KR4/RTP04/DCK
P55 26 30 40 SCKB2/KR5/RTP05/DMS
Note Incorporates a pull-down resistor. It can be disconnected by clearing the OCDM.OCDMO bit to 0.

Remark JCS3L (40): VB50ES/JC3-L (40-pin products)
JC3L (48): VB50ES/JC3-L (48-pin products)

JE3L

: V850ES/JES3-L
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CHAPTER 2 PIN FUNCTION

(2/2)
Function Pin No. /0 Description Alternate Function
JC3L | JC3L | JE3L
(40) | (48)
P70 40 48 64 /0 |Port 7 (refer to 4.3.6) ANIO
P71 39 47 63 5-bit 1/0 port (V850ES/JC3-L : 40-pin) AN
e 8 6 o2 6-bit 1/0 port (V850ES/JC3-L : 48-pin) ANI
7 10-bit 1/0 port (V850ES/JE3-L)
P73 37 | 45 | 61 Input/output can be specified in 1-bit units. ANI3
P74 36 | 44 | 60 ANI4
P75 _ 43 59 ANI5
P76 - - 58 ANI6
P77 - - 57 ANI7
P78 - - 56 ANI8
P79 - - 55 ANI9
P90 19 | 23 | 31 I/0 |Port9 (refer to 4.3.7) KR6/TXDA1/SDA02
P91 20 24 32 6-bit /O port (VB50ES/JC3-L : 40-pin) KR7/RXDA1/SCLO2
8-bit 1/0 port (V850ES/JC3-L : 48-pin)
P92 - - 33 15-bit /O port (VB50ES/JES-L) TIP41/TOP41/TXDA4
P93 - - 34 Input/output can be specified in 1-bit units. TIP40/TOP40/RXDA4
P94 _ _ 21 N-ch open-drain output can be specified in 1-bit units. TIP31/TOP31/TXDAS
5V tolerant.(P90 to P96)
P96 13 15 22 TXDCO/TIP21/TOP21
P97 - 38 50 SIB1/TIP20/TOP20
32 - - TIP20/TOP20
P98 - 39 51 SOB1
P99 - 36 48 SCKB1
P910 - - 16 SIB3
P911 - - 15 SOB3
P912 - - 14 SCKB3
P913 - - 13 INTP4
P914 33 40 52 INTP5/TIP51/TOP51
P915 34 41 53 INTP6/TIP50/TOP50
PCMO 35 42 54 /0 |Port CM (refer to 4.3.8) -
1-bit I/O port
Input/output can be specified in 1-bit units.
PDL5 31 37 | 49 | 1/O |PortDL (referto 4.3.9) FLMD1
1-bit 1/O port
Input/output can be specified in 1-bit units.
Remark JCS3L (40): VB50ES/JC3-L (40-pin products)
JC3L (48): VB50ES/JC3-L (48-pin products)
JESL : VB50ES/JE3-L
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CHAPTER 2 PIN FUNCTION

(2) Non-port functions

(1/5)
Function Pin No. 1/0 Description Alternate Function
JC3L | JC3L | JE3L
(40) | (48)
ADTRG 12 14 18 Input | A/D converter external trigger input. 5V tolerant. PO3/INTPO/RTC1HZ
ANIO 40 48 64 Input | Analog voltage input for A/D converter P70
ANI1 39 47 63 P71
ANI2 38 46 62 P72
ANI3 37 45 61 P73
ANI4 36 44 60 P74
ANI5 - 43 59 P75
ANI6 - - 58 P76
ANI7 - - 57 P77
ANI8 - - 56 P78
ANI9 - - 55 P79
ANOO - 3 3 Output | Analog voltage output for D/A converter P10
ASCKAO | - | 35 | 47 | Input |UARTAO baud rate clock input. 5 V tolerant. P32/SCKB4/TIPO0/TOP00
AVRero 1 1 1 - Reference voltage input for A/D converter/positive power -
supply for port 7
AVRer1 - 4 4 Reference voltage input for D/A converter/positive power -
supply for port 1
AVss 2 2 2 - Ground potential for A/D and D/A converters (same -
potential as Vss)
DCK 25 29 39 Input | Debug clock input. 5V tolerant. P54/SOB2/KR4/RTP04
DDI 23 27 37 Input | Debug data input. 5V tolerant. P52/TIQ03/KR2/TOQO3/RTP02
DDO™* 24 28 38 | Output | Debug data output. P53/SIB2/KR3/TIQ00/TOQO00/
N-ch open-drain output selectable. 5V tolerant. RTPO3
DMS 26 | 30 | 40 | Input |Debug mode selectinput. 5V tolerant. P55/SCKB2/KR5/RTP05
DRST 27 31 41 Input | Debug reset input. 5V tolerant. PO5/INTP2
EVoo 14 16 24 - Positive power supply for external (same potential as -
Vob)
EVss 15 17 25 - Ground potential for external (same potential as Vss) -
FLMDO 28 32 42 Input | Flash memory programming mode setting pin -
FLMD1 31 37 49 PDL5
Note In the on-chip debug mode, high-level output is forcibly set.
Remark JC3L (40): VB50ES/JC3-L (40-pin products)
JC3L (48): VB50ES/JC3-L (48-pin products)
JE3L : VB50ES/JE3-L
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(2/5)
Function Pin No. I/0 Description Alternate Function
JC3L | JC3L | JE3L
(40) | (48)
INTPO 12 14 18 Input | External interrupt request input PO3/ADTRG/RTC1HZ
INTP1 _ _ 19 (maskable, analog noise elimination). PO4/RTCDIV/RTCCL
Analog noise elimination or digital noise elimination p—
INTP2 27 st 41 selectable for INTP3 pin. POS/DRST
INTP3 - - | 20 5V tolerant. P06
INTP4 - - 13 P913
INTP5 33 40 52 P914/TIP51/TOP51
INTP6 34 41 53 P915/TIP50/TOP50
INTP7 - 34 46 P31/RXDA0/SIB4
30 - - P31/RXDAO
KRO"*' 21 25 35 Input | Key interrupt input (on-chip analog noise eliminator). P50/TIQ01/TOQO1/RTP00
KR1™' | 22 | 26 | 36 5 Violerant. P51/TIQ02/TOQO2/RTPO1
KR2"*" 23 27 37 P52/T1Q03/TOQ03/RTP02/DDI
KR3""! 24 28 38 P53/SIB2/TIQ00/TOQO00/
RTP03/DDO
KR4 25 29 39 P54/SOB2/RTP04/DCK
KR5"*" 26 30 40 P55/SCKB2/RTP05/DMS
KR6" ™" 19 | 23 | 31 P90/TXDA1/SDA02
KR7"*" 20 24 32 P91/RXDA1/SCL02
NM"2 11 13 17 Input | External interrupt input (non-maskable, analog noise P02
elimination).
5V tolerant.
REGC 4 6 6 - Connection of regulator output stabilization capacitance -
(4.7 uF (recommended value))
RESET 8 10 10 Input | System reset input -
RTC1HZ 12 14 18 | Output | Real-time counter correction clock (1 Hz) output PO3/INTPO/ADTRG
RTCCL - - 19 | Output |Real-time counter clock (32 kHz primary oscillation) | PO4/INTP1/RTCDIV
output
RTCDIV - - 19 | Output | Real-time counter clock (32 kHz division) output P04/INTP1/RTCCL
RTPOO 21 25 35 | Output | Real-time output port. P50/TIQ01/KRO/TOQO01
RTPO1 22 | 26 | 36 N-ch open-drain output selectable. P51/TIQ02/KR1/TOQ02
5V tolerant.
RTPO2 23 27 37 P52/TIQ03/KR2/TOQO03/DDI
RTPO3 24 28 38 P53/SIB2/KR3/TIQ00/TOQ00/
DDO
RTPO4 25 29 39 P54/SOB2/KR4/DCK
RTP0O5 26 30 40 P55/SCKB2/KR5/DMS

Notes1. Connect a pull-up resistor externally.
2. The NMI pin alternately functions as the P02 pin. It functions as the P02 pin after reset. To enable the NMI
function, set the PMCO0.PMCO02 bit to 1. The initial setting of the NMI pin is “No edge detected”. Select the NMI
pin valid edge using the INTFO and INTRO registers.

Remark JCS3L (40): VB50ES/JC3-L (40-pin products)
JC3L (48): VB50ES/JC3-L (48-pin products)
JE3L : VB50ES/JE3-L
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(3/5)
Function Pin No. I/0 Description Alternate Function
JC3L | JC3L | JE3L
(40) | (48)
RXDAO - 34 46 Input | Serial receive data input (UARTAO to UARTA2) P31/INTP7/SIB4
30 _ _ 5V tolerant. P31/INTP7
RXDA1 20 24 32 P91/KR7/SCL02
RXDA2 - 19 27 P39/SCLO0O
SCKBO 18 22 30 I/O | Serial clock I/O (CSIBO to CSIB4) P42
SCKBH1 _ 36 48 N-ch open-drain output selectable. P99
5V tolerant.
SCKB2 26 30 40 P55/KR5/RTP05/DMS
SCKB3 - - 14 P912
SCKB4 - 35 47 P32/ASCKAO/TIPO0/TOP00
SCL0O - 19 27 I/O | Serial clock I/O (I*C00 to 1°C02) P39/RXDA2
SCLO1 17 21 29 N-ch open-drain output selectable. P41/SOBO
5V tolerant.
SCL02 20 24 32 P91/KR7/RXDA1
SDA00 - 18 26 I/O | Serial transmit/receive data I/O (I*C00 to I°C02) P38/TXDA2
SDAO1 16 20 o8 N-ch open-drain output selectable. P40/SIBO
5V tolerant.
SDA02 19 23 31 P90/KR6/TXDA1
SIBO 16 20 28 Input | Serial receive data input (CSIBO to CSIB4) P40/SDA01
sIB1 - | 38 | 50 5V tolerant. P97/TIP20/TOP20
SIB2 24 28 38 P53/KR3/TIQ00/TOQ00/RTP0O3/
DDO
SIB3 - - 16 P910
SiB4 - 34 46 P31/RXDAO/INTP7
SOBO 17 21 29 | Output |Serial transmit data output (CSIBO to CSIB4) P41/SCLO1
SOB1 _ 39 51 N-ch open-drain output selectable. P98
5V tolerant.
SOB2 25 29 39 P54/KR4/RTP04/DCK
SOB3 - - 15 P911
SOB4 - 33 45 P30/TXDAO

Remark JC3L (40): VB50ES/JCS3-L (40-pin products)
JC3L (48): VB50ES/JC3-L (48-pin products)
: VB50ES/JE3-L

JE3L
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(4/5)
Function Pin No. I/0 Description Alternate Function
JC3L | JC3L | JE3L
(40) | (48)
TIPOO - 35 | 47 | Input |External event count input/capture trigger input/external | P32/ASCKA0/SCKB4/TOP00
trigger input (TMPO). 5 V tolerant.
TIPO1 - - 43 Capture trigger input (TMPO). 5 V tolerant. P33/TOPO1
TIP10 - - 44 External event count input/capture trigger input/external | P34/TOP10
trigger input (TMP1). 5 V tolerant.
TIP11 - - 43 Capture trigger input (TMP1). 5 V tolerant. P35/TOP11
TIP20 - 38 50 External event count input/capture trigger input/external | P97/SIB1/TOP20
30 _ _ trigger input (TMP2). 5 V tolerant. P97/TOP20
TIP21 13 15 22 Capture trigger input (TMP2). 5 V tolerant. P96/A6/TOP21
TIP31 - - 21 Capture trigger input (TMP3). 5 V tolerant. P94/A4/TOP31
TIP40 - - 34 External event count input/capture trigger input/external | P93/A3/TOP40
trigger input (TMP4). 5 V tolerant.
TIP41 - - 33 Capture trigger input (TMP4). 5 V tolerant. P92/A2/TOP41
TIP50 34 4 53 External event count input/capture trigger input/external | P915/A15/INTP6/TOP50
trigger input (TMP5). 5 V tolerant.
TIP51 33 40 52 Capture trigger input (TMP5). 5 V tolerant. P914/A14/INTP5/TOP51
TIQO00 24 28 38 Input | External event count input/capture trigger input/external | P53/SIB2/KR3/TOQ00/RTP03
trigger input (TMQO). /DDO
5V tolerant.
TIQO1 21 28 38 Capture trigger input (TMQO). P50/KR0O/TOQ01/RTP00
TIQo2 22 | 26 | 36 5V tolerant. P51/KR1/TOQ02/RTPO1
TIQ03 23 27 37 P52/KR2/TOQ03/RTP02/DDI
TOPOO - 35 47 | Output | Timer output (TMPO) P32/ASCKA0/SCKB4/TIP00
TOPO1 _ _ 43 N-ch open-drain output selectable. 5V tolerant. P33/TIPO1
TOP10 - - 44 Timer output (TMP1) P34/TIP10
TOP11 _ _ o3 N-ch open-drain output selectable. 5V tolerant. P35/TIP11
TOP20 - 38 50 Timer output (TMP2) P97/SIB1/TIP20
32 _ _ N-ch open-drain output selectable. 5V tolerant. P97/TIP20
TOP21 13 15 22 P96/TIP21
TOP31 - - 21 Timer output (TMP3) P94/TIP31
N-ch open-drain output selectable. 5V tolerant.
TOP40 - - 34 Timer output (TMP4) PO3/TIP40
N-ch open-drain output selectable. 5V tolerant.
TOP41 - - 33 P92/TIP41
TOP50 34 | 41 | 53 Timer output (TMP5) P915/INTP6/TIP50
N-ch open-drain output selectable. 5V tolerant.
TOP51 33 40 52 P914/INTP5/TIP51
Remark JC3L (40): VB50ES/JC3-L (40-pin products)
JC3L (48): VB50ES/JC3-L (48-pin products)
JESL : VB50ES/JE3-L
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(5/5)
Function Pin No. I/0 Description Alternate Function

JC3L | JC3L | JE3L

(40) | (48)
TOQO00 24 28 38 | Output | Timer output (TMQO) P53/SIB2/KR3/TIQ00/RTPO3

N-ch open-drain output selectable. /DDO
TOQO1 21 | 25 | 35 5V tolerant. P50/TIQ01/KRO/RTP0O
TOQO02 22 26 36 P51/TIQ02/KR1/RTPO1
TOQO03 23 27 37 P52/TIQ03/KR2/RTP02/DDI
TXDAO - 33 45 | Output | Serial transmit data output (UARTAO to UARTADS) P30/SOB4
29 _ _ N-ch open-drain output selectable. P30

TXDAT1 19 23 31 5 Vtolerant. P90/KR6/SDA02
TXDA2 - 18 26 P38/SDA00O
Vob 3 5 5 - Positive power supply pin for internal circuits -
Vss 5 7 7 - Ground potential for internal circuits -
X1 6 8 8 Input | Connection of resonator for main clock -
X2 7 9 9 - -
XT1 9 11 11 Input | Connection of resonator for subclock -
XT2 10 12 12 - -

Remark JC3L (40): VB50ES/JC3-L (40-pin products)

: VB850ES/JES3-L

JC3L (48): VB50ES/JC3-L (48-pin products)
JE3L
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CHAPTER

2 PIN FUNCTION

2.2 Pin States

The operation states of pins in the various modes are described below.

Table 2-2. Pin Operation States in Various Modes

Pin Name When Power Is During Reset HALT Mode"**? IDLE1, IDLE2, STOP Mode"**
Turned On™*' (Except When Power Sub-IDLE Mode"**?
Is Turned On)
P0O5/DRST Pulled down Pulled down"* Held Held Held
P10/ANOO Undefined Hi-Z Held Held Held
P53/DDO Hi-z""** Held Held Held
Other port pins Hi-Z Hi-Z Held Held Held

Notes 1.

when the power is turned on.

Duration until 1 ms elapses after the supply voltage reaches the operating supply voltage range (lower limit)

2. Operates while an alternate function is operating. (For details about the operating status of alternate functions,
see CHAPTER 21 STANDBY FUNCTION.)
3 Pulled down during external reset. During internal reset by the watchdog timer, clock monitor, etc., the state of
this pin differs according to the OCDM.OCDMO bit setting.
4 DDO output is specified in the on-chip debug mode.

Remark

Held: The state during the level of pins is held.

Hi-Z: High impedance
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CHAPTER 2 PIN FUNCTION

2.3 Pin /O Circuit Types, I/0 Buffer Power Supplies, and Connection of Unused Pins

(1/2)
Pin Alternate Function Pin No. 1/0 Circuit Recommended Connection of Unused Pin
JC3L | JC3L | JE3L Type
(40) | (48)
P02 NMI 11 13 17 10-D Input:  Independently connect to EVob or EVss via
P03 INTPO/ADTRG/RTC1HZ 12 | 14 | 18 aresistor.
Output: Leave open.
P04 INTP1/RTCDIV/RTCCL - - 19
P05 INTP2/DRST 27 31 41 10-N Input:  Independently connect to EVss via a
resistor. Fixing to Voo level is prohibited.
Qutput: Leave open.
Internally pull-down after reset by RESET
pin.
P06 INTP3 - - 20 10-D Input:  Independently connect to EVob or EVss via
a resistor.
Output: Leave open.
P10 ANOO - 3 3 12-D Input:  Independently connect to AVrer1 or AVss
via a resistor.
Output: Leave open.
P30 TXDA0/SOB4 - 33 45 10-G Input:  Independently connect to EVob or EVss via
TXDAO 29 _ _ a resistor.
Output: Leave open.
P31 RXDAO/INTP7/SIB4 - 34 46 10-D
RXDAO/INTP7 30 — _
P32 ASCKAO0/SCKB4/TIP00 - 35 47
P33 TIPO1/TOPO1 _ _ 43
P34 TIP10/TOP10 - - 44
P35 TIP11/TOP11 - - 23
P38 TXDA2/SDA00 - 18 26
P39 RXDA2/SCL00 - 19 27
P40 SIBO/SDAO1 16 20 28
P41 SOB0/SCLO1 17 21 29
P42 SCKBO 18 22 30
P50 TIQ01/KRO/TOQO01/RTP0O0 21 25 35 10-D
P51 TIQ02/KR1/TOQ02/RTPO1 22 26 36
P52 TIQ03/KR2/TOQ03/RTP02/DDI 23 27 37
P53 SIB2/KR3/TIQ00/TOQ00 24 28 38
/RTP0O3/DDO
P54 SOB2/KR4/RTP04/DCK 25 29 39
P55 SCKB2/KR5/RTP05/DMS 26 30 40

Remark JC3L (40): VB50ES/JCS3-L (40-pin products)
JC3L (48): VB50ES/JC3-L (48-pin products)

JE3L : VB850ES/JES-L
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(2/2)
Pin Alternate Function Pin No. I/0 Recommended Connection of Unused Pin
JC3L JC3L JE3L Circuit
(40) (48) Type

P70 to P74 | ANIO to ANI4 4010 36 | 48t0 44 | 64 to 60 11-G  |Input:  Independently connect to AVrero or AVss
P75 ANI5 _ 43 59 via a resistor.
P76 to P79 | ANI6 to ANI9 - - 58 to 55 Output: - Leave open.
P90 KR6/TDXA1/SDA02 19 23 31 10-D |Input:  Independently connect to EVoo or EVss via
PO1 KR7/RXDA1/SCL02 20 24 32 a resistor.
P92 TIP41/TOP41/TXDA4 - - 33 Output: - Leave open.
P93 TIP40/TOP40/RXDA4 - - 34
P94 TIP31/TOP31/TXDA5 - - 21
P96 TIP21/TOP21 13 15 22
P97 SIB1/TIP20/TOP20 - 38 50

TIP20/TOP20 32 - -
P98 SOB1 - 39 51 10-G
P99 SCKB1 - 36 48 10-D
P910 SIB3 - - 16
P911 SOB3 - - 15 10-G
P912 SCKB3 - - 14 10-D
P913 INTP4 - - 13
P914 INTP5/TIP51/TOP51 33 40 52
P915 INTP6/TIP50/TOP50 34 41 53
PCMO - 35 42 54 5
PDL5 FLMD1 31 37 49
AVRero - 1 1 1 - Directly connect to Vop and always supply power.
AVREeF1 - - 4 4 -
AVss - 2 2 2 - Directly connect to Vss and always supply power.
EVoo - 14 16 24 - Directly connect to Voo and always supply power.
EVss - 15 17 25 - Directly connect to Vss and always supply power.
FLMDO - 28 32 42 - Directly connect to Vss in a mode other than the

flash memory programming mode.
REGC - 4 6 6 - Connection of regulator output stabilization
capacitance (4.7 uF (recommended value))

RESET - 8 10 10 2 -
Vob - 3 5 5 - -
Vss - 5 7 7 - -
X1 - 6 8 8 - -
X2 - 7 9 9 - -
XT1 - 9 11 11 16-C | Connect to Vss.
XT2 - 10 12 12 16-C |Leave open.

Remark JC3L (40): VB50ES/JC3-L (40-pin products)

JE3L

JC3L (48): V850ES/JC3-L (48-pin products)
: V850ES/JE3-L
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Figure 2-1. Pin I/O Circuits

Type 2

1

IN/OUT

Schmitt-triggered input with hysteresis characteristics

Type 10-N
EVoo

Data 4¢ P-ch

r—O
Open drai IN/OUT
Output
disable

Note EVss

|
Input

Type 5
EVoo enable 65pmo bit 4| [ <—N-ch
Data [ —{f-Pen
——0
T 11-G
INOUT ype
Output N-ch AV
disable REFO
EVss Data o[ Pen
——O
Input IN/OUT
enable Output N-ch
disable
Type 10-D AVss
EVoo
Comparator P-ch
Data 4< P-ch
—0O
Open drain IN/OUT VReFo AV
Output (Threshold voltage) ss
Note EVss Input enable
{
Input Type 12-D
enable AVReF1
Type 10-G Data ————s—1™%, | l—::‘P-ch
EVoo
IN/OUT
Output [<—N-ch
Data 4‘ P-ch disable
> o) AVss
Open drain IN/OUT <—4< %
Input J_
Output enable P-ch
disable
Analog output +
EVss voltage  N-ch
e T
Input
enable Type 16-C
Feedback cut-off
P-ch
P>
O
XT1 XT2
Note Hysteresis characteristics are not available in port mode.
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2.4 Cautions

When the power is turned on, the following pins may output an undefined level temporarily even during reset.

¢ P10/ANOO pin
e P53/SIB2/KR3/TIQ00/TOQ00/RTPO3/DDO pin
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CHAPTER 3 CPU FUNCTION

The CPU of the V850ES/JC3-L and V850ES/JES3-L are based on RISC architecture and executes almost all instructions
in one clock cycle by using a 5-stage pipeline.

3.1 Features

O Variable length instructions (16 bits/32 bits)
O Minimum instruction execution time: 50 ns (operating on main clock (fxx) of 20 MHz: Voo = 2.7 to 3.6 V)
200 ns (operating on main clock (fxx) of 5 MHz: Vop = 2.2 to 3.6 V)
30.5 us (operating on subclock (fxt) of 32.768 kHz)
O Memory space Program space: 64 MB linear
Data space: 4 GB linear
O General-purpose registers: 32 bits x 32 registers
O Internal 32-bit architecture
O 5-stage pipeline control
O Multiplication/division instruction
O Saturation operation instruction
O 32-bit shift instruction: 1 clock
O Load/store instruction with long/short format
O Four types of bit manipulation instructions
¢ SET1
¢ CLR1
¢ NOT1
¢ TSTH
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3.2 CPU Register Set

The registers of the V850ES/JC3-L and V850ES/JE3-L can be classified into two types: general-purpose program
registers and dedicated system registers. All the registers are 32 bits wide.
For details, refer to the VB50ES Architecture User’s Manual.

31

(1) Program register set

General-purpose registers

(2) System register set

0 31 0

ro

(Zero register)

EIPC (Interrupt status saving register)

r1

(Assembler-reserved register)

EIPSW (Interrupt status saving register)

r2

r3

(Stack pointer (SP))

FEPC  (NMI status saving register)

r4

(Global pointer (GP))

FEPSW (NMI status saving register)

r5

(Text pointer (TP))

ré

r7

| ECR (Interrupt source register) |

r8

| PSW (Program status word) |

r9

r10

r11

CTPC  (CALLT execution status saving register)

r12

CTPSW (CALLT execution status saving register)

r13

r14

DBPC  (Exception/debug trap status saving register)

r15

DBPSW (Exception/debug trap status saving register)

r16

r17

CTBP  (CALLT base pointer) |

r18

r19

r20

r21

r22

r23

r24

r25

r26

r27

r28

r29

r30

(Element pointer (EP))

r31

(Link pointer (LP))

31

[ Pc

(Program counter)
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3.2.1 Program register set
The program registers include general-purpose registers and a program counter.

(1) General-purpose registers (r0 to r31)
Thirty-two general-purpose registers, r0 to r31, are available. Any of these registers can be used to store a data
variable or an address variable.

However, r0 and r30 are implicitly used by instructions and care must be exercised when these registers are used.
r0 always holds 0 and is used for an operation that uses 0 or addressing of offset 0. r30 is used by the SLD and
SST instructions as a base pointer when these instructions access the memory. r1, r3 to r5, and r31 are implicitly
used by the assembler and C compiler. When using these registers, save their contents for protection, and then
restore the contents after using the registers. r2 is sometimes used by the real-time OS. If the real-time OS does

not use r2, it can be used as a register for variables.

Table 3-1. Program Registers

Name Usage Operation
r0 Zero register Always holds 0.
r1 Assembler-reserved register Used as working register to create 32-bit immediate data
r2 Register for address/data variable (if real-time OS does not use r2)
r3 Stack pointer Used to create a stack frame when a function is called
r4 Global pointer Used to access a global variable in the data area
5 Text pointer Used as register that indicates the beginning of a text area (area

where program codes are located)

r6 to r29 Register for address/data variable
r30 Element pointer Used as base pointer to access memory
r31 Link pointer Used when the compiler calls a function
PC Program counter Holds the instruction address during program execution

Remark For further details on the r1, r3 to r5, and r31 that are used in the assembler and C compiler, refer to the
CAB850 (C Compiler Package) Assembly Language User’s Manual.

(2) Program counter (PC)
The program counter holds the instruction address during program execution. The lower 32 bits of this register are
valid. Bits 31 to 26 are fixed to 0. A carry from bit 25 to 26 is ignored even if it occurs.

Bit 0 is fixed to 0. This means that execution cannot branch to an odd address.

PC

10

31 2625
I

Fixed to 0 Instruction address during program execution

T T T T T T 1 T T T T T 1.1
Default value

00000000H

o
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3.2.2 System register set

The system registers control the status of the CPU and hold interrupt information.

These registers can be read or written by using system register load/store instructions (LDSR and STSR), using the
system register numbers listed below.

Table 3-2. System Register Numbers

System System Register Name Operand Specification
Register LDSR Instruction | STSR Instruction
Number

0 Interrupt status saving register (EIPC)"" v N

1 Interrupt status saving register (EIPSW)"*’ v S

2 NMI status saving register (FEPC)"*" v \/

3 NMI status saving register (FEPSW)"*" N \

4 Interrupt source register (ECR) x N

5 Program status word (PSW) \/ S
61to 15 Reserved for future function expansion (operation is not guaranteed if these x x

registers are accessed)

16 CALLT execution status saving register (CTPC) N N
17 CALLT execution status saving register (CTPSW) N S
18 Exception/debug trap status saving register (DBPC) rete e
19 Exception/debug trap status saving register (DBPSW) e et
20 CALLT base pointer (CTBP) N N
21to 31 | Reserved for future function expansion (operation is not guaranteed if these x x

registers are accessed)

Notes 1. Because only one set of these registers is available, the contents of these registers must be saved by
program if multiple interrupts are enabled.
2. These registers can be accessed only during the interval between the execution of the DBTRAP instruction
or illegal opcode and DBRET instruction execution.

Caution Even if EIPC or FEPC, or bit 0 of CTPC is set to 1 by the LDSR instruction, bit 0 is ignored when
execution is returned to the main routine by the RETI instruction after interrupt servicing (this is
because bit 0 of the PC is fixed to 0). Set an even value to EIPC, FEPC, and CTPC (bit 0 = 0).

Remark +:Can be accessed
x: Access prohibited
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(1) Interrupt status saving registers (EIPC and EIPSW)
EIPC and EIPSW are used to save the status when an interrupt occurs.
If a software exception or a maskable interrupt occurs, the contents of the program counter (PC) are saved to EIPC,
and the contents of the program status word (PSW) are saved to EIPSW (these contents are saved to the NMI
status saving registers (FEPC and FEPSW) if a non-maskable interrupt occurs).
The address of the instruction next to the instruction under execution, except some instructions (see 19.8 Periods
in Which Interrupts Are Not Acknowledged by CPU), is saved to EIPC when a software exception or a maskable
interrupt occurs.
The current contents of the PSW are saved to EIPSW.
Because only one set of interrupt status saving registers is available, the contents of these registers must be saved
by program when multiple interrupts are enabled.
Bits 31 to 26 of EIPC and bits 31 to 8 of EIPSW are reserved for future function expansion (these bits are always
fixed to 0).
The value of EIPC is restored to the PC and the value of EIPSW to the PSW by the RETI instruction.

31 2625 0
B B B B B ) ) B B S B B B Default value
EIPC olololololo (Contents of saved PC) 0xxxxxxxH
(x: Undefined)

31 8 7 0

T T 1 1 11

(Contents of Default value
EIPSW o|ojofo|0|0O|0O|0O|O|OfO|O|0O|O|O|O|O|O(O|O|O|O|O]|O saved PSW) 000000xxH

(x: Undefined)
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&)

NMI status saving registers (FEPC and FEPSW)

FEPC and FEPSW are used to save the status when a non-maskable interrupt (NMI) occurs.

If an NMI occurs, the contents of the program counter (PC) are saved to FEPC, and those of the program status
word (PSW) are saved to FEPSW.

The address of the instruction next to the one of the instruction under execution, except some instructions, is saved
to FEPC when an NMI occurs.

The current contents of the PSW are saved to FEPSW.

Because only one set of NMI status saving registers is available, the contents of these registers must be saved by
program when multiple interrupts are enabled (for multiple interrupt servicing using the NMI pin and the INTWDT2
interrupt request signal).

Bits 31 to 26 of FEPC and bits 31 to 8 of FEPSW are reserved for future function expansion (these bits are always

fixed to 0).
The value of FEPC is restored to the PC and the value of FEPSW to the PSW by the RETI instruction.

31 2625 0
B ) B B ) B Y ) I B S I B B B Default value
FEPC olololololo (Contents of saved PC) 0xxXxxXxxxH
(x: Undefined)

31 8 7 0

T T T T 11

(Contents of Default value
FEPSW o|o|ofo|0|0O|O|0O|O|O|O|O|0O|O|O|O|O|O(O|O|O|O|O]|O saved PSW) 000000xxH

(x: Undefined)

©)

Interrupt source register (ECR)

The interrupt source register (ECR) holds the source of an exception or interrupt if an exception or interrupt occurs.
This register holds the exception code of each interrupt source. Because this register is a read-only register, data
cannot be written to this register using the LDSR instruction.

31 1615 0
1 1 1 T 1T 1 1T 1T 1 1T T T 11 1T 1 1 1T 1 1 1T 1T T T 1T 111 Default value
ECR FECC EICC 00000000H
Bit position Bit name Meaning
31t0 16 FECC Exception code of non-maskable interrupt (NMI)
15t00 EICC Exception code of exception or maskable interrupt
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(4) Program status word (PSW)
The program status word (PSW) is a collection of flags that indicate the status of the program (result of instruction
execution) and the status of the CPU.
If the contents of a bit of this register are changed by using the LDSR instruction, the new contents are validated
immediately after completion of LDSR instruction execution. However if the ID flag is set to 1, interrupt requests will
not be acknowledged while the LDSR instruction is being executed.
Bits 31 to 8 of this register are reserved for future function expansion (these bits are fixed to 0).

(1/2)
31 876543210
Default value
PSW o|0|0(0|0|0O|0O|0|0|0O[0O|0|0|0O(0|0|0O|O|0O|0|O|O|0O|O|NPEP|ID|SATICY|OV|S|Z 00000020H
Bit position Flag name Meaning
7 NP Indicates that a non-maskable interrupt (NMI) is being serviced. This bit is set to 1 when an

NMI request is acknowledged, disabling multiple interrupts.
0: NMIl is not being serviced.
1: NMI is being serviced.

6 EP Indicates that an exception is being processed. This bit is set to 1 when an exception

occurs. Even if this bit is set, interrupt requests are acknowledged.
0: Exception is not being processed.
1: Exception is being processed.

5 ID Indicates whether a maskable interrupt can be acknowledged.
0: Interrupt enabled
1: Interrupt disabled
4 SAT Indicates that the result of a saturation operation has overflowed and is saturated. Because

this is a cumulative flag, it is set to 1 when the result of a saturation operation instruction is

saturated, and is not cleared to 0 even if the subsequent operation result is not saturated.

Use the LDSR instruction to clear this bit. This flag is neither set to 1 nor cleared to 0 by

execution of an arithmetic operation instruction.
0: Not saturated
1: Saturated

3 CY Indicates whether a carry or a borrow occurs as a result of an operation.
0: Carry or borrow does not occur.
1: Carry or borrow occurs.
2 ov'ee Indicates whether an overflow occurs during operation.
0: Overflow does not occur.
1: Overflow occurs.
1 g Indicates whether the result of an operation is negative.
0: The result is positive or 0.
1: The result is negative.
0 z Indicates whether the result of an operation is 0.
0: The result is not 0.
1: Theresultis 0.
Remark Also read Note on the next page.
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2/2)

Note The result of the operation that has performed saturation processing is determined by the contents of the
OV and S flags. The SAT flag is set to 1 only when the OV flag is set to 1 when a saturation operation is

performed.
Status of Operation Result Flag Status Result of Operation of
SAT oV s Saturation Processing
Maximum positive value is exceeded 1 1 0 7FFFFFFFH
Maximum negative value is exceeded 1 1 1 80000000H
Positive (maximum value is not exceeded) Holds value 0 0 Operation result itself
Negative (maximum value is not exceeded) before operation 1

(5) CALLT execution status saving registers (CTPC and CTPSW)
CTPC and CTPSW are CALLT execution status saving registers.
When the CALLT instruction is executed, the contents of the program counter (PC) are saved to CTPC, and those
of the program status word (PSW) are saved to CTPSW.
The contents saved to CTPC are the address of the instruction next to CALLT.
The current contents of the PSW are saved to CTPSW.
Bits 31 to 26 of CTPC and bits 31 to 8 of CTPSW are reserved for future function expansion (fixed to 0).

31 2625 0
!

I O O I N O B B O B
CTPC olojo|o|o|0 (Saved PC contents) Default value
OxxxxxxxH

(x: Undefined)

31 8 7 0
1 T T 1 11
(Saved PSW Default value
CTPSW o|ojo0j0|0|0O|O|O|O|O(O|O|O|O|O|O|O|O|O|O|0O|O|0O]|O contents) 000000xxH
(x: Undefined)
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(6) Exception/debug trap status saving registers (DBPC and DBPSW)

DBPC and DBPSW are exception/debug trap status registers.
If an exception trap or debug trap occurs, the contents of the program counter (PC) are saved to DBPC, and those
of the program status word (PSW) are saved to DBPSW.
The contents to be saved to DBPC are the address of the instruction next to the one that is being executed when

an exception trap or debug trap occurs.

The current contents of the PSW are saved to DBPSW.
This register can be read or written only during the interval between the execution of the DBTRAP instruction or

illegal opcode and the DBRET instruction.

Bits 31 to 26 of DBPC and bits 31 to 8 of DBPSW are reserved for future function expansion (fixed to 0).
The value of DBPC is restored to the PC and the value of DBPSW to the PSW by the DBRET instruction.

31 2625 0
| T T T T T T T
DBPC 0|oj0|0|0|0O (Saved PC contents)
31 8 7 0
T T T T
DBPSW |o|o|o|ololololo olololojo|o|olo|o|o|o|o| (SavedPSW
contents)

Default value
OXXXXXXXH
(x: Undefined)

Default value
000000xxH
(x: Undefined)

(7) CALLT base pointer (CTBP)

The CALLT base pointer (CTBP) is used to specify a table address or generate a target address (bit 0 is fixed to 0).
Bits 31 to 26 of this register are reserved for future function expansion (fixed to 0).

31 2625
I

CTBP 0o|0(0f0|0]|O

T T T T T T
(Base address)

Default value
OxxxxxxxH
(x: Undefined)
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3.3 Operation Modes

The V850ES/JC3-L and V850ES/JES3-L have the following operation modes.

* Normal operation mode

¢ Flash memory programming mode
¢ Self programming mode
¢ On-chip debug mode

The operation mode is specified according to the status (input level) of the FLMDO and FLMD1 pins.

To specify the normal operation mode, input a low level to the FLMDO pin during the reset period.

A high level is input to the FLMDO pin by the flash memory programmer in the flash memory programming mode if a

flash programmer is connected. In the self-programming mode, input a high level to this pin from an external circuit.

Fix the specification of these pins in the application system and do not change the setting of these pins during operation.

)

&)

3

@

FLMDO FLMD1 Operation Mode
L X Normal operation mode
H L Flash memory programming mode
H H Setting prohibited

Remark H: High level
L: Low level
x: don’t care

Normal operation mode
After the system has been released from the reset state, the pins related to the bus interface are set to the port
mode, execution branches to the reset entry address of the internal ROM, and instruction processing is started.

Flash memory programming mode
When this mode is specified, the internal flash memory can be programmed by using a flash programmer.

Self programming mode
Data can be erased and written from/to the flash memory by using a user application program. For details, see
CHAPTER 28 FLASH MEMORY.

On-chip debug mode

The V850ES/JC3-L, V850ES/JES3-L is provided with an on-chip debug function that employs the JTAG (Joint Test
Action Group) communication specifications.

For details, see CHAPTER 29 ON-CHIP DEBUG FUNCTION.
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3.4 Address Space

3.4.1 CPU address space

For instruction addressing, up to a combined total of 16 MB of external memory area and internal ROM area, plus an
internal RAM area, are supported in a linear address space (program space) of up to 64 MB. For operand addressing
(data access), up to 4 GB of a linear address space (data space) is supported. The 4 GB address space, however, is
viewed as 64 images of a 64 MB physical address space. This means that the same 64 MB physical address space is
accessed regardless of the value of bits 31 to 26.

Figure 3-1. Address Space Image

Data space
?I: Image 63N°te ?IZ
It Image 62N°te It
4 GB .
L L] et
= . =
~ Image 2Note ~
Program space
£ Note —~
Access-prohibited area T Image 1 T
On-chip peripheral I/O area
Internal RAM area
Internal RAM area
Access-prohibited area

64 MB
Image 0
Access-prohibited area
Access-prohibited area
16 MB
16 MB
Internal ROM area
R Internal ROM area
Note Image 0 appears repeatedly for images 1 to 63.
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3.4.2 Memory map
The areas shown below are reserved in the V850ES/JC3-L, V850ES/JE3-L.

Figure 3-2. Data Memory Map (Physical Addresses)
FFFFFFFFH
Image 63
FC000000H
FBFFFFFFH
Image 62
F8000000H
F7FFFFFFH
Image 61 B
F4000000H 03FFFFFFH On-chip peripheral 1/0 area | 03 F FFFFFH
F3FFFFFFH ! (64 KB) (4 KB) 03FFF000H
| 60 : 03FFEFFFH
mage !
03FF0000H .
F0000000H 03FEFFFFH N
EFFFFFFFH ! N Internal RAM area
: \ (60 KB)
: \ 03FF0000H
Use prohibited
10000000H :
OFFFFFFFH :
Image 3
0C000000H ;
0BFFFFFFH :
Image 2
08000000H ;
07FFFFFFH ' -
| . H J 001FFFFFH
mage ! K
9 ! / Use prohibited
gggggggg: --=1 00200000H L 00100000H
Image 0 001FFFFFH 000FFFFFH
(Physical memory (2 MB) Internal ROM area
address) (1 MB)
00000000HL ] ____| 00000000HL  f 00000000H
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Figure 3-3. Program Memory Map

03FFFFFFH

03FFF000H
03FFEFFFH

03FF0000H
03FEFFFFH

o oo
o oo
o O =
o Mo
o o
o Mo
o Mo
o Mo
I TT

Use prohibited
(program fetch prohibited area)

Internal RAM area (60 KB)

Use prohibited
(program fetch prohibited area)

Internal ROM area
(1 MB)
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3.4.3 Areas

(1) Internal ROM area
Up to 1 MB is reserved as an internal ROM area.

(a) Internal ROM (16 KB)
16 KB are allocated to addresses 00000000H to 00003FFFH in the following versions.
Accessing addresses 00004000H to 000FFFFFH is prohibited.

e 1 PD70F3797, 70F3801, 70F3805

Figure 3-4. Internal ROM Area (16 KB)

000OFFFFFH
=~ Access-prohibited ==
area
00004000H
00003FFFH Internal ROM
00000000H (16 KB)

(b) Internal ROM (32 KB)
32 KB are allocated to addresses 00000000H to 00007FFFH in the following versions.
Accessing addresses 00008000H to 000FFFFFH is prohibited.

e 1 PD70F3798, 70F3802, 70F3806

Figure 3-5. Internal ROM Area (32 KB)

O0OFFFFFH
=~ Access-prohibited ==
area
00008000H
00007FFFH
Internal ROM
(32 KB)
00000000H
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(c) Internal ROM (64 KB)

64 KB are allocated to addresses 00000000H to 0000FFFFH in the following versions.
Accessing addresses 00010000H to 000FFFFFH is prohibited.

e 1 PD70F3799, 70F3803, 70F3807

Figure 3-6. Internal ROM Area (64 KB)

OOOFFFFFH
=~ Access-prohibited ==
area
00010000H
0000FFFFH
Internal ROM
(64 KB)
00000000H

(d) Internal ROM (128 KB)

128 KB are allocated to addresses 00000000H to 0001FFFFH in the following versions.
Accessing addresses 00020000H to 000FFFFFH is prohibited.

e 1 PD70F3800, 70F3804, 70F3808

Figure 3-7. Internal ROM Area (128 KB)

000FFFFFH
=~ Access-prohibited ==
area
00020000H
0001FFFFH
Internal ROM
(128 KB)
00000000H
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(e) Internal ROM (256 KB)
256 KB are allocated to addresses 00000000H to 0003FFFFH in the following versions.
Accessing addresses 00040000H to 000FFFFFH is prohibited.
e 1 PD70F3838, 70F3839, 70F3840

Figure 3-8. Internal ROM Area (256 KB)

000FFFFFH
=~ Access-prohibited ==
area
00040000H
0003FFFFH
Internal ROM
(256 KB)
00000000H

(2) Internal RAM area
Up to 60 KB allocated to physical addresses 03FFO000H to O3FFEFFFH are reserved as the internal RAM area.

(a) Internal RAM (8 KB)
8 KB are allocated to addresses 03FFDOOOH to 03FFEFFFH in the following versions.
Accessing addresses 03FFO000H to 03FFCFFFH is prohibited.

e 1 PD70F3797, 70F3798, 70F3799, 70F3800, 70F3801, 70F3802, 70F3803, 70F3804, 70F3805,
70F3806, 70F3807, 70F3808

Figure 3-9. Internal RAM Area (8 KB)

Physical address space Logical address space
03FFEFFFH FFFFEFFFH
Internal RAM
(8 KB)
03FFDO0OH FFFFDOOOH
03FFCFFFH FFFFCFFFH

=~ Access-prohibited ==
area

03FF0000H FFFFOOOOH
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(b) Internal RAM (16 KB)

16 KB are allocated to addresses 03FFBOOOH to 03FFEFFFH in the following versions.

Accessing addresses 03FFO000H to 03FFAFFFH is prohibited.

o 1 PD70F3838, 70F3839, 70F3840

Figure 3-10. Internal RAM Area (16 KB)

Physical address space

03FFEFFFH

03FFBOOOH

Internal RAM
(16 KB)

03FFAFFFH

03FFO000H

Access-prohibited ==
area

Logical address space

FFFFEFFFH

FFFFBOOOH
FFFFAFFFH

FFFFO000H
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(3) On-chip peripheral I/O area
4 KB allocated to physical addresses 03FFFO00H to 03FFFFFFH are reserved as the on-chip peripheral I/O area.

Figure 3-11. On-Chip Peripheral I/O Area

Physical address space Logical address space

03FFFFFFH FFFFFFFFH

On-chip peripheral I/O area
(4 KB)

03FFFO00H FFFFF000H

Peripheral 1/O registers that have functions to specify the operation mode for and monitor the status of the on-chip
peripheral I/O are mapped to the on-chip peripheral I/O area. Program cannot be fetched from this area.

Cautions 1. When a peripheral 1/0 register is accessed in word units, a word area is accessed twice in

halfword units in the order of lower area then higher area, with the lower 2 bits of the address
ignored.

If a peripheral I/O register that can be accessed in byte units is accessed in halfword units,
the lower 8 bits are valid. The higher 8 bits are undefined when the register is read and are
invalid when the register is written.

. Addresses not defined as registers are reserved for future expansion. The operation is

undefined and not guaranteed when these addresses are accessed.

. The internal ROM/RAM area and on-chip peripheral /0 area are assigned to successive

addresses.

When accessing the internal ROM/RAM area by incrementing or decrementing addresses
using a pointer operation for example, be careful not to access the on-chip peripheral I/O area
by mistakenly extending over the internal ROM/RAM area boundary.
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3.4.4 Wraparound of data space
The result of an operand address calculation operation that exceeds 32 bits is ignored.

Therefore, the highest address of the data space, FFFFFFFFH, and the lowest address, 00000000H, are contiguous,
and wraparound occurs at the boundary of these addresses.

Figure 3-12. Wraparound of Data Space

00000001H Data space
00000000H
(+) direction (-) direction
FFFFFFFFH
FFFFFFFEH
Data space

3.4.5 Recommended use of address space

The architecture of the V850ES/JC3-L, V850ES/JES3-L requires that a register that serves as a pointer be secured for
address generation when operand data in the data space is accessed. The address stored in this pointer £32 KB can be
directly accessed by an instruction for operand data. Because the number of general-purpose registers that can be used
as a pointer is limited, however, by keeping the performance from dropping during address calculation when a pointer

value is changed, as many general-purpose registers as possible can be secured for variables, and the program size can
be reduced.

(1) Program space
Of the 32 bits of the PC (program counter), the higher 6 bits are fixed to 0, and only the lower 26 bits are valid.

Regarding the program space, therefore, a 64 MB space of contiguous addresses starting from 00000000H
unconditionally corresponds to the memory map.

To use the internal RAM area as the program space, access the following addresses.

Caution If a branch instruction is at the upper limit of the internal RAM area, a prefetch operation (invalid
fetch) straddling the on-chip peripheral 1/0 area does not occur.

Product Name RAM Size Access Address

uPD70F3797, 70F3798, 70F3799, | 8 KB 03FFDOO0OH to 03FFEFFFH
70F3800, 70F3801, 70F3802,
70F3803, 70F3804, 70F3805,
70F3806, 70F3807, 70F3808

4PD70F3838, 70F3839, 70F3840 16 KB 03FFBOOOH to 03FFEFFFH
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(2) Data space
With the VB50ES/JC3-L, V850ES/JE3-L, it seems that there are sixty-four 64 MB (26-bit address) physical address
spaces on the 4 GB (32-bit address) CPU address space. Therefore, the most significant bit (bit 25) of a 26-bit
address of these 64 MB spaces is sign-extended to 32 bits and allocated as an address.

Figure 3-13. Sign Extension in Data Space

31 2625 0
T T T T T T T T T T T T T T T 1 T T T T T T T
0|0|0|0|0]|O
A 26-bit address (64 MB)
H can be specified.
3FFFFFFH i
Image 0 64 MB
0000000H '
31 2625 0
B B B B B B
I
I
7\ FFFFFFFFH i
= Image 63 64 MB
FC000000H
FBFFFFFFH i
> Image 62 64 MB
F8000000H
F7FFFFFFH i
> Image 61 64 MB
F4000000H [}
F3FFFFFFH i
> Image 60 64 MB
FO0O00000H ¥
EFFFFFFFH
T 4GB
10000000H
OFFFFFFFH |
> Image 3 64 MB
0C000000H ¥
[ 0BFFFFFFH 4
= Image 2 64 MB
[ 08000000H ¥
07FFFFFFH i
= Image 1 64 MB
[ 04000000H ¥
03FFFFFFH 4
> Image 0 64 MB
_ 00000000H |
A 32-bit address (4 GB) can be
specified.
An image of 64 MB appears
repeatedly in the 4 GB space.
RO1UHO0018EJ0200 Rev.2.00 Page 69 of 969

Mar 25, 2014 RENESAS



V850ES/JC3-L, VB50ES/JE3-L CHAPTER 3 CPU FUNCTION

(a) Application example of wraparound
If R = r0 (zero register) is specified for the LD/ST disp16 [R] instruction, a range of addresses 00000000H +32
KB can be addressed by sign-extended disp16. All the resources, including the internal hardware, can be
addressed by one pointer.
The zero register (r0) is a register fixed to 0 by hardware, and practically eliminates the need for registers
dedicated to pointers.

Figure 3-14. Example of Data Space Usage in xPD70F3840

0003FFFFH
00007FFFH f-----------------
Internal ROM area 32 KB
(R=)00000000H - -
On-chip peripheral 4KB
FFFFFOOOH 1/0 area
FFFFEFFFH
Internal RAM area 16 KB
FFFFBOOOH
FFFFAFFFH
Access-prohibited 12 KB
area
FFFF8000H f--cooomeeeeeaaoo
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Figure 3-12. Recommended Memory Map (4PD70F3840)

FFFFFFFFH

FFFFFOOOH
FFFFEFFFH

FFFFO000H
FFFEFFFFH

04000000H |

Program space Data space

On-chip
peripheral 1/0

Internal RAM

)T
M

{(
(

N

03FFFFFFH

03FFFOO0OH

Access-prohibited

03FFEFFFH

03FFBOOOH
03FFAFFFH

03FFO0000H

Internal RAM

03FEFFFFH

Program space
64 MB

Access-prohibited

. ’1E1ternal ROM

oooOo o
oocoo o
OO0
oLWATIO
oToTo
oToTo
oTo Mo
oo o
ITITTITT

Remark # indicates the recom

mended area.

On-chip
peripheral 1/0

Internal RAM

Access-prohibited

Internal ROM

FFFFFFFFH

FFFFFOOOH
FFFFEFFFH

mm ™
M T
M T
m-m T
Mo >»w
Mo Mo
mo Mo
mo Mo
ITITXT

00100000H
000FFFFFH

00000000H
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3.4.6 Peripheral I/O registers

(1/10)
Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16

FFFFFO04H Port DL register PDL R/W N | 0000H"™ "

\ FFFFFO04H | Port DL register L PDLL N 00H""*
FFFFFOOCH Port CM register PCM v \/ 00H" "
FFFFF024H Port DL mode register PMDL \ | FFFFH

\ FFFFF024H | Port DL mode register L PMDLL Nl FFH
FFFFF02CH Port CM mode register PMCM v \ FFH
FFFFFO6EH System wait control register VSWC N 77H
FFFFFO80H DMA source address register OL DSAOL v | Undefined
FFFFFO82H DMA source address register OH DSAOH v | Undefined
FFFFF084H DMA destination address register OL DDAOL v | Undefined
FFFFFO86H DMA destination address register OH DDAOH v | Undefined
FFFFFO88H DMA source address register 1L DSA1L v | Undefined
FFFFFO8AH DMA source address register 1H DSA1H v | Undefined
FFFFFO8CH DMA destination address register 1L DDA1L v | Undefined
FFFFFO8EH DMA destination address register 1H DDA1H v | Undefined
FFFFFO90H DMA source address register 2L DSA2L v | Undefined
FFFFFO92H DMA source address register 2H DSA2H \ | Undefined
FFFFF094H DMA destination address register 2L DDA2L v | Undefined
FFFFFO96H DMA destination address register 2H DDA2H v | Undefined
FFFFFO98H DMA source address register 3L DSA3L v | Undefined
FFFFFO9AH DMA source address register 3H DSA3H v | Undefined
FFFFFO9CH DMA destination address register 3L DDA3L v | Undefined
FFFFFO9EH DMA destination address register 3H DDA3H v | Undefined
FFFFFOCOH DMA transfer count register 0 DBCO v | Undefined
FFFFFOC2H DMA transfer count register 1 DBCH1 v | Undefined
FFFFFOC4H DMA transfer count register 2 DBC2 v | Undefined
FFFFFOC6H DMA transfer count register 3 DBC3 v | Undefined
FFFFFODOH DMA addressing control register 0 DADCO \' | 0000H
FFFFFOD2H DMA addressing control register 1 DADCA1 \ | 0000H
FFFFFOD4H DMA addressing control register 2 DADC2 v | 0000H
FFFFFOD6H DMA addressing control register 3 DADC3 N | 0000H
FFFFFOEOH DMA channel control register 0 DCHCO v v 00H
FFFFFOE2H DMA channel control register 1 DCHC1 NN 00H
FFFFFOE4H DMA channel control register 2 DCHC2 v \/ 00H
FFFFFOE6H DMA channel control register 3 DCHC3 v «/ 00H
FFFFF100H Interrupt mask register 0 IMRO \ | FFFFH

FFFFF100H | Interrupt mask register OL IMROL v \/ FFH
FFFFF101H | Interrupt mask register OH IMROH N FFH

Note The output latch is 00H or 0000H. When these registers are in the input mode, the pin statuses are read.
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(2/10)
Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFF102H Interrupt mask register 1 IMR1 R/W v | FFFFH
FFFFF102H | Interrupt mask register 1L IMR1L v J FFH
FFFFF103H | Interrupt mask register 1H IMR1H y J FFH
FFFFF104H Interrupt mask register 2 IMR2 v | FFFFH
FFFFF104H | Interrupt mask register 2L IMR2L V v FFH
FFFFF105H | Interrupt mask register 2H IMR2H v v FFH
FFFFF106H Interrupt mask register 3 IMR3 V| FFFFH
FFFFF106H | Interrupt mask register 3L IMR3L 3 J FFH
FFFFF110H Interrupt control register (INTLVI) LVIIC v \/ 47H
FFFFF112H Interrupt control register (INTPO) PICO V v 47H
FFFFF114H Interrupt control register (INTP1) PIC1 v S 47H
FFFFF116H Interrupt control register (INTP2) PIC2 v S 47H
FFFFF118H Interrupt control register (INTP3) PIC3 v \ 47H
FFFFF11AH Interrupt control register (INTP4) PIC4 v J 47H
FFFFF11CH Interrupt control register (INTP5) PIC5 V v 47H
FFFFF11EH Interrupt control register (INTP6) PIC6 v \/ 47H
FFFFF120H Interrupt control register (INTP7) PIC7 V v 47H
FFFFF122H Interrupt control register (INTTQOOV) TQOOVIC v \ 47H
FFFFF124H Interrupt control register (INTTQOCCO) TQOCCICO y J 47H
FFFFF126H Interrupt control register INTTQOCCH1) TQOCCICA v \ 47H
FFFFF128H Interrupt control register (INTTQOCC2) TQOCCIC2 v S 47H
FFFFF12AH Interrupt control register (INTTQOCC3) TQOCCIC3 \/ J 47H
FFFFF12CH Interrupt control register (INTTPOQV) TPOOVIC v S 47H
FFFFF12EH Interrupt control register (INTTPOCCO) TPOCCICO y J 47H
FFFFF130H Interrupt control register (INTTPOCC1) TPOCCICA v \/ 47H
FFFFF132H Interrupt control register (INTTP10V) TP10OVIC 3 J 47H
FFFFF134H Interrupt control register (INTTP1CCO) TP1CCICO v J 47H
FFFFF136H Interrupt control register (INTTP1CC1) TP1CCICT N 47H
FFFFF138H Interrupt control register (INTTP20V) TP20VIC v J 47H
FFFFF13AH Interrupt control register (INTTP2CCO) TP2CCICO v \ 47H
FFFFF13CH Interrupt control register (INTTP2CC1) TP2CCICT VoA 47H
FFFFF13EH Interrupt control register (INTTP30V) TP30VIC v \/ 47H
FFFFF140H Interrupt control register (INTTP3CCO) TP3CCICO v J 47H
FFFFF142H Interrupt control register (INTTP3CCH1) TP3CCICH v J 47H
FFFFF144H Interrupt control register (INTTP4OV) TP40VIC v S 47H
FFFFF146H Interrupt control register (INTTP4CCO) TP4CCICO v J 47H
FFFFF148H Interrupt control register (INTTP4CC1) TP4CCICH v S 47H
FFFFF14AH Interrupt control register (INTTP50V) TP50VIC v J 47H
FFFFF14CH Interrupt control register (INTTP5CCO) TP5CCICO 3 J 47H
FFFFF14EH Interrupt control register (INTTP5CC1) TP5CCICT NN 47H
FFFFF150H Interrupt control register (INTTMOEQO) TMOEQICO 3 J 47H
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(3/10)
Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFF152H Interrupt control register (INTCBOR/INTIIC1) CBORIC/IICIC1 RW | + \ 47H
FFFFF154H Interrupt control register (INTCBOT) CBOTIC v N 47H
FFFFF156H Interrupt control register (INTCB1R) CB1RIC N 47H
FFFFF158H Interrupt control register (INTCB1T) CB1TIC v S 47H
FFFFF15AH Interrupt control register (INTCB2R) CB2RIC v \ 47H
FFFFF15CH Interrupt control register (INTCB2T) CB2TIC v \ 47H
FFFFF15EH Interrupt control register (INTCB3R) CB3RIC v S 47H
FFFFF160H Interrupt control register (INTCB3T) CB3TIC Nl 47H
FFFFF162H Interrupt control register (INTUAOR/INTCB4R) | UAORIC/CB4RIC v \/ 47H
FFFFF164H Interrupt control register (INTUAOT/INTCBA4T) | UAOTIC/CB4TIC v S 47H
FFFFF166H Interrupt control register (INTUA1R/INTIIC2) UA1RIC/IICIC2 v N 47H
FFFFF168H Interrupt control register (INTUA1T) UA1TIC v S 47H
FFFFF16AH Interrupt control register (INTUA2R/INTIICO) UA2RIC/IICICO v \ 47H
FFFFF16CH Interrupt control register (INTUA2T) UA2TIC v \ 47H
FFFFF16EH Interrupt control register (INTAD) ADIC v S 47H
FFFFF170H Interrupt control register (INTDMAO) DMAICO Nl 47H
FFFFF172H Interrupt control register INTDMA1) DMAIC1 v \/ 47H
FFFFF174H Interrupt control register INTDMA2) DMAIC2 v \ 47H
FFFFF176H Interrupt control register (INTDMA3) DMAIC3 N 47H
FFFFF178H Interrupt control register (INTKR) KRIC v S 47H
FFFFF17AH Interrupt control register (INTWTI/INTRTC2) WTIIC/RTC2IC v \ 47H
FFFFF17CH Interrupt control register (INTWT/INTRTCO) WTIC/RTCOIC v \/ 47H
FFFFF17EH Interrupt control register (INTRTC1) RTC1C v S 47H
FFFFF1FAH In-service priority register ISPR R v N 00H
FFFFF1FCH Command register PRCMD J Undefined
FFFFF1FEH Power save control register pPsSC™* RW | + \/ 00H
FFFFF200H A/D converter mode register 0 ADAOMO N 00H
FFFFF201H A/D converter mode register 1 ADAOM1 v S 00H
FFFFF202H A/D converter channel specification register | ADAOS v \ 00H
FFFFF203H A/D converter mode register 2 ADAOM2 v \/ 00H
FFFFF204H Power-fail compare mode register ADAOPFM v S 00H
FFFFF205H Power-fail compare threshold value register ADAOPFT v \/ 00H
FFFFF210H A/D conversion result register 0 ADAOCRO R v | Undefined
‘ FFFFF211H | A/D conversion result register OH ADAOCROH J Undefined
FFFFF212H A/D conversion result register 1 ADAOCR1 v | Undefined
‘ FFFFF213H | A/D conversion result register 1H ADAOCR1H S Undefined
FFFFF214H A/D conversion result register 2 ADAOCR2 v | Undefined
‘ FFFFF215H | A/D conversion result register 2H ADAOCR2H \/ Undefined
FFFFF216H A/D conversion result register 3 ADAOCR3 v | Undefined
‘ FFFFF217H | A/D conversion result register 3H ADAOCRS3H N Undefined

Note This is a special register.
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(4/10)
Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFF218H A/D conversion result register 4 ADAOCR4 R v | Undefined
‘ FFFFF219H | A/D conversion result register 4H ADAOCR4H S Undefined
FFFFF21AH A/D conversion result register 5 ADAOCR5 v | Undefined
‘ FFFFF21BH | A/D conversion result register 5H ADAOCR5H \/ Undefined
FFFFF21CH A/D conversion result register 6 ADAOCR6 v | Undefined
‘ FFFFF21DH | A/D conversion result register 6H ADAOCR6H N Undefined
FFFFF21EH A/D conversion result register 7 ADAOCR7 v | Undefined
‘ FFFFF21FH | A/D conversion result register 7H ADAOCR7H \/ Undefined
FFFFF220H A/D conversion result register 8 ADAOCRS v | Undefined
‘ FFFFF221H | A/D conversion result register 8H ADAOCR8H S Undefined
FFFFF222H A/D conversion result register 9 ADAOCR9 v | Undefined
‘ FFFFF223H | A/D conversion result register 9H ADAOCR9H \/ Undefined
FFFFF280H D/A conversion value setting register 0 DAOCSO0 R/W \/ 00H
FFFFF281H D/A conversion value setting register 1 DAOCS1 N 00H
FFFFF282H D/A converter mode register DAOM v S 00H
FFFFF300H Key return mode register KRM v \/ 00H
FFFFF308H Selector operation control register 0 SELCNTO v \/ 00H
FFFFF310H CRC input register CRCIN \ OO0H
FFFFF312H CRC data register CRCD N | 0000H
FFFFF318H Noise elimination control register NFC \/ O00H
FFFFF320H Prescaler mode register 1 PRSM1 v S 00H
FFFFF321H Prescaler compare register 1 PRSCM1 N 00H
FFFFF324H Prescaler mode register 2 PRSM2 v \/ OO0H
FFFFF325H Prescaler compare register 2 PRSCM2 \/ 00H
FFFFF328H Prescaler mode register 3 PRSM3 v \/ 00H
FFFFF329H Prescaler compare register 3 PRSCM3 \/ 00H
FFFFF331H Regulator protection register REGPR N 00H
FFFFF332H Regulator output voltage level control register REGOVLO \/ O00H
FFFFF340H IIC division clock select register OCKSO0 S 00H
FFFFF344H IIC division clock select register OCKS1 N 00H
FFFFF400H Port 0 register PO v v 00H™"*
FFFFF402H Port 1 register P1 v S 00H""
FFFFF406H Port 3 register P3 N | 0000H"™"*
FFFFF406H | Port 3 register L P3L v \ 00H™"*
FFFFF407H | Port 3 register H P3H v N 00H""
FFFFF408H Port 4 register P4 v \/ 00H" "
FFFFF40AH Port 5 register P5 \ N 00H"™"
FFFFF40EH Port 7 register L P7L \ \/ 00H" "
FFFFF40FH Port 7 register H P7H \ «/ 00H""
FFFFF412H Port 9 register P9 N | 0000H"™"*
FFFFF412H | Port 9 register L PoL < S 00H"™
FFFFF413H | Port 9 register H POH VoW 00H""*
FFFFF420H Port 0 mode register PMO S \/ FFH

Note The output latch is 00H or 0000H. When these registers are input, the pin statuses are read.
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(5/10)
Address Function Register Name Symbol R/W  |Manipulatable Bits| Default Value
1 8 16
FFFFF422H Port 1 mode register PM1 RW | + S FFH
FFFFF426H Port 3 mode register PM3 N | FFFFH
FFFFF426H | Port 3 mode register L PM3L \ \/ FFH
FFFFF427H | Port 3 mode register H PM3H \ \/ FFH
FFFFF428H Port 4 mode register PM4 R \/ FFH
FFFFF42AH Port 5 mode register PM5 \ \ FFH
FFFFF42EH Port 7 mode register L PM7L VoW FFH
FFFFF42FH Port 7 mode register H PM7H \ \/ FFH
FFFFF432H Port 9 mode register PM9 N | FFFFH
FFFFF432H | Port 9 mode register L PMOL \ \/ FFH
FFFFF433H | Port 9 mode register H PM9H \ \/ FFH
FFFFF440H Port 0 mode control register PMCO R \/ 00H
FFFFF446H Port 3 mode control register PMC3 v | 0000H
FFFFF446H | Port 3 mode control register L PMC3L VoW 00H
FFFFF447H | Port 3 mode control register H PMC3H < \/ 00H
FFFFF448H Port 4 mode control register PMC4 \ \/ 00H
FFFFF44AH Port 5 mode control register PMC5 R \/ 00H
FFFFF452H Port 9 mode control register PMC9 \ | 0000H
FFFFF452H | Port 9 mode control register L PMC9L VoW 00H
FFFFF453H | Port 9 mode control register H PMC9H S N OO0H
FFFFF460H Port 0 function control register PFCO VoW 00H
FFFFF466H Port 3 function control register PFC3 \ | 0000H
FFFFF466H | Port 3 function control register L PFC3L \ \/ 00H
FFFFF467H | Port 3 function control register H PFC3H R \/ 00H
FFFFF468H Port 4 function control register PFC4 \ S 00H
FFFFF46AH Port 5 function control register PFC5 \ N 00H
FFFFF472H Port 9 function control register PFC9 \ | 0000H
FFFFF472H | Port 9 function control register L PFCIL \ S 00H
FFFFF473H | Port 9 function control register H PFC9H R \/ 00H
FFFFF540H TMQO control register 0 TQOCTLO \ «/ 00H
FFFFF541H TMQO control register 1 TQOCTLA \ «/ 00H
FFFFF542H TMQO I/O control register 0 TQOIOCO \ \/ 00H
FFFFF543H TMQO I/O control register 1 TQOIOC1 S N OO0H
FFFFF544H TMQO I/O control register 2 TQOIOC2 VoW 00H
FFFFF545H TMQO option register 0 TQOOPTO \ \/ 00H
FFFFF546H TMQO capture/compare register 0 TQOCCRO v | 0000H
FFFFF548H TMQO capture/compare register 1 TQOCCR1 N | 0000H
FFFFF54AH TMQO capture/compare register 2 TQOCCR2 v | 0000H
FFFFF54CH TMQO capture/compare register 3 TQOCCR3 v | 0000H
FFFFF54EH TMQO counter read buffer register TQOCNT R \ | 0000H

Note The output latch is 00H or 0000H. When these registers are input, the pin statuses are read.
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(6/10)
Address Function Register Name Symbol R/W | Manipulatable Bits | Default Value
1 8 | 16

FFFFF590H TMPO control register 0 TPOCTLO RW | d 00H
FFFFF591H TMPO control register 1 TPOCTLA N \ OOH
FFFFF592H TMPO I/O control register 0 TP0OIOCO y J 00H
FFFFF593H TMPO I/O control register 1 TPOIOCH v \ 00H
FFFFF594H TMPO /O control register 2 TP0OIOC2 v S 00H
FFFFF595H TMPO option register 0 TPOOPTO v \/ O0H
FFFFF596H TMPO capture/compare register 0 TPOCCRO v | 0000H
FFFFF598H TMPO capture/compare register 1 TPOCCR1 v | 0000H
FFFFF59AH TMPO counter read buffer register TPOCNT R v | 0000H
FFFFF5A0H TMP1 control register 0 TP1CTLO RW | \ OOH
FFFFF5A1H TMP1 control register 1 TP1CTLA v \/ 00H
FFFFF5A2H TMP1 /O control register 0 TP110CO v S 00H
FFFFF5A3H TMP1 I/O control register 1 TP1I0CH y J 00H
FFFFF5A4H TMP1 /O control register 2 TP1l0C2 v J 00H
FFFFF5A5H TMP1 option register 0 TP10OPTO N N O0H
FFFFF5A6H TMP1 capture/compare register 0 TP1CCRO v | 0000H
FFFFF5A8H TMP1 capture/compare register 1 TP1CCR1 v | 0000H
FFFFF5AAH TMP1 counter read buffer register TP1CNT R N | 0000H
FFFFF5BOH TMP2 control register 0 TP2CTLO RW | \/ 00H
FFFFF5B1H TMP2 control register 1 TP2CTLA1 y J 00H
FFFFF5B2H TMP2 I/O control register 0 TP2I0CO v \/ O0H
FFFFF5B3H TMP2 1/O control register 1 TP2I0CH y J 00H
FFFFF5B4H TMP2 I/O control register 2 TP2I0C2 y J 00H
FFFFF5B5H TMP2 option register 0 TP20PTO N \ OOH
FFFFF5B6H TMP2 capture/compare register 0 TP2CCRO v | 0000H
FFFFF5B8H TMP2 capture/compare register 1 TP2CCR1 v | 0000H
FFFFF5BAH TMP2 counter read buffer register TP2CNT R v | 0000H
FFFFF5COH TMP3 control register 0 TP3CTLO RW | v 00H
FFFFF5C1H TMP3 control register 1 TP3CTLA \/ v 00H
FFFFF5C2H TMP3 I/O control register 0 TP3I0CO v N OO0H
FFFFF5C3H TMP3 I/O control register 1 TP3IOCH J y 00H
FFFFF5C5H TMP3 option register 0 TP30OPTO \/ v 00H
FFFFF5C6H TMP3 capture/compare register 0 TP3CCRO v | 0000H
FFFFF5C8H TMP3 capture/compare register 1 TP3CCR1 v | 0000H
FFFFF5CAH TMP3 counter read buffer register TP3CNT R v | 0000H
FFFFF5DOH TMP4 control register 0 TP4CTLO RW | N 00H
FFFFF5D1H TMP4 control register 1 TP4CTLA \/ v 00H
FFFFF5D2H TMP4 1/O control register 0 TP4l0CO S v 00H
FFFFF5D3H TMP4 I/O control register 1 TP4IOCH d y 00H
FFFFF5D4H TMP4 I/O control register 2 TP410C2 \/ v 00H
FFFFF5D5H TMP4 option register 0 TP40OPTO N N O0H
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Address Function Register Name Symbol R/W  |Manipulatable Bits| Default Value
1 8 16

FFFFF5D6H TMP4 capture/compare register 0 TP4CCRO R/W v | 0000H
FFFFF5D8H TMP4 capture/compare register 1 TP4CCR1 v | 0000H
FFFFF5DAH TMP4 counter read buffer register TP4CNT R v | 0000H
FFFFF5EOH TMPS5 control register 0 TP5CTLO RW | N 00H
FFFFF5E1H TMP5 control register 1 TP5CTL1 \/ N 00H
FFFFF5E2H TMP5 1/0 control register 0 TP5I0CO S N 00H
FFFFFSE3H TMP5 1/O control register 1 TP5I0CH1 VoW 00H
FFFFF5E4H TMP5 1/O control register 2 TP5I0C2 \ v 00H
FFFFF5E5H TMP5 option register 0 TP50PTO \ N 00H
FFFFF5E6H TMP5 capture/compare register O TP5CCRO v | 0000H
FFFFF5E8H TMP5 capture/compare register 1 TP5CCRH1 v | 0000H
FFFFF5EAH TMP5 counter read buffer register TP5CNT R v | 0000H
FFFFF680H Watch timer operation mode register WTM RW | N | N 00H
FFFFF690H TMMO control register 0 TMOCTLO S N O0H
FFFFF694H TMMO compare register O TMOCMPO v | 0000H
FFFFF6COH Oscillation stabilization time select register OSTS N 06H
FFFFF6C1H PLL lockup time specification register PLLS N 03H
FFFFF6DOH Watchdog timer mode register 2 WDTM2 v 67H
FFFFF6D1H Watchdog timer enable register WDTE N 9AH
FFFFF6EOH Real-time output buffer register OL RTBLO \ v 00H
FFFFF6E2H Real-time output buffer register OH RTBHO \ v O0H
FFFFF6E4H Real-time output port mode register 0 RTPMO \ N 00H
FFFFF6E5H Real-time output port control register 0 RTPCO \ v 00H
FFFFF700H Port 0 function control expansion register PFCEOQ S N 00H
FFFFF706H Port 3 function control expansion register L PFCE3L \ v O00H
FFFFF70AH Port 5 function control expansion register PFCE5 \ N 00H
FFFFF712H Port 9 function control expansion register PFCE9 v | 0000H

FFFFF712H | Port 9 function control expansion register L PFCEQL \ v O0H

FFFFF713H | Port 9 function control expansion register H PFCESH \ N 00H
FFFFF802H System status register SYS \ v 00H
FFFFF80CH Internal oscillation mode register RCM \ v 00H
FFFFF810H DMA trigger factor register 0 DTFRO \/ N 00H
FFFFF812H DMA trigger factor register 1 DTFR1 < v 00H
FFFFF814H DMA trigger factor register 2 DTFR2 \ N O0H
FFFFF816H DMA trigger factor register 3 DTFR3 \/ N O00H
FFFFF820H Power save mode register PSMR S N 00H
FFFFF822H Clock control register CKC \ N OAH
FFFFF824H Lock register LOCKR R < v 00H
FFFFF828H Processor clock control register PCC"* RW | N 03H
FFFFF82CH PLL control register PLLCTL < v 01H
FFFFF82EH CPU operation clock status register CCLS R \ v 00H

Note  This is a special register.
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Address Function Register Name Symbol R/W |Manipulatable Bits Default Value
1 8 16
FFFFF870H Clock monitor mode register CLM RW | \ 00H
FFFFF888H Reset source flag register RESF N \ 00H
FFFFF890H Low-voltage detection register LVIM \ \ 00H
FFFFF891H Low-voltage detection level select register LVIS \ 00H
FFFFF8BOH Prescaler mode register 0 PRSMO \/ \ 00H
FFFFF8B1H Prescaler compare register 0 PRSCMO S O00H
FFFFF9FCH On-chip debug mode register OCDM™* N \ 01H
FFFFFAOOH UARTAO control register 0 UAOCTLO VoW 10H
FFFFFAO1H UARTAO control register 1 UAOCTLA1 \ 00H
FFFFFAO2H UARTAO control register 2 UAOCTL2 \ FFH
FFFFFAO3H UARTAO option control register 0 UAOOPTO «/ \ 14H
FFFFFAO4H UARTAO status register UAOSTR VoW 00H
FFFFFAO6H UARTAQO receive data register UAORX R \ FFH
FFFFFAO7H UARTAO transmit data register UAOTX R/W \ FFH
FFFFFA10H UARTAT1 control register O UA1CTLO N \ 10H
FFFFFA11H UARTAT1 control register 1 UA1CTL1 \ 00H
FFFFFA12H UARTA1 control register 2 UA1CTL2 J FFH
FFFFFA13H UARTAT1 option control register O UA10PTO N \ 14H
FFFFFA14H UARTA1 status register UA1STR VoW 00H
FFFFFA16H UARTAT1 receive data register UA1RX R \ FFH
FFFFFA17H UARTAT1 transmit data register UA1TTX R/W \ FFH
FFFFFA20H UARTA2 control register 0 UA2CTLO S < 10H
FFFFFA21H UARTA2 control register 1 UA2CTLA1 \ 00H
FFFFFA22H UARTA2 control register 2 UA2CTL2 \ FFH
FFFFFA23H UARTA2 option control register 0 UA20PTO VoW 14H
FFFFFA24H UARTA? status register UA2STR v oW 00H
FFFFFA26H UARTAZ2 receive data register UA2RX R < FFH
FFFFFA27H UARTAZ transmit data register UA2TX R/W J FFH
FFFFFADOH Sub-count register RC1SUBC R v | 0000H
FFFFFAD2H Second count register RC1SEC R/W \ 00H
FFFFFAD3H Minute count register RC1MIN \ 00H
FFFFFAD4H Hour count register RC1HOUR \ 12H
FFFFFAD5H Week count register RC1WEEK \ 00H
FFFFFAD6H Day count register RC1DAY \ 01H
FFFFFAD7H Month count register RC1MONTH \ 01H
FFFFFAD8H Year count register RC1YEAR J 00H
FFFFFAD9H Time error correction register RC1SUBU \ 00H
FFFFFADAH Alarm minute set register RC1ALM \ 00H
FFFFFADBH Alarm time set register RC1ALH \ 12H
FFFFFADCH | Alarm week set register RC1ALW \ < O0H
Note  This is a special register.
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Address Function Register Name Symbol R/W [Manipulatable Bits| Default Value
1 8 16
FFFFFADDH RTC control register 0 RC1CCO RW | + N 00H
FFFFFADEH RTC control register 1 RC1CC1 ~ ~ 00H
FFFFFADFH RTC control register 2 RC1CC2 N N O0H
FFFFFAEOH RTC control register 3 RC1CC3 ~ N O0H
FFFFFCOOH External interrupt falling edge specification register 0 INTFO \ \ 00H
FFFFFCO6H External interrupt falling edge specification register 3 | INTF3 \ \ 00H
FFFFFC13H External interrupt falling edge specification register 9H | INTFOH \ \ 00H
FFFFFC20H External interrupt rising edge specification register 0 INTRO \ \ O00H
FFFFFC26H External interrupt rising edge specification register 3 INTR3 \ \ O00H
FFFFFC33H External interrupt rising edge specification register 9H | INTR9H \ \ O00H
FFFFFC60H Port 0 function register PFO S \ 00H
FFFFFC66H Port 3 function register PF3 \' | 0000H
FFFFFC66H | Port 3 function register L PF3L \ \ O0H
FFFFFC67H | Port 3 function register H PF3H VoW 00H
FFFFFC68H Port 4 function register PF4 \ \ 00H
FFFFFC6AH Port 5 function register PF5 \ \ O0H
FFFFFC72H Port 9 function register PF9 \' | 0000H
FFFFFC72H | Port 9 function register L PFIL ~ N 00H
FFFFFC73H | Port 9 function register H PF9H N N 00H
FFFFFDOOH CSIBO control register 0 CBOCTLO ~ N 01H
FFFFFDO1H CSIBO control register 1 CBOCTL1 N N 00H
FFFFFDO2H CSIBO control register 2 CBOCTL2 ~ 00H
FFFFFDO3H CSIBO status register CBOSTR \ ~ 00H
FFFFFDO4H CSIBO receive data register CBORX R \' | 0000H
‘ FFFFFDO4H | CSIBO receive data register L CBORXL \ 00H
FFFFFDO6H CSIBO0 transmit data register CBOTX R/W \' | 0000H
‘ FFFFFDO6H | CSIBO transmit data register L CBOTXL \ 00H
FFFFFD10H CSIB1 control register 0 CB1CTLO VoW 01H
FFFFFD11H CSIB1 control register 1 CB1CTL1 \ \ 00H
FFFFFD12H CSIB1 control register 2 CB1CTL2 \/ 00H
FFFFFD13H CSIB1 status register CB1STR \ \ O0H
FFFFFD14H CSIB1 receive data register CB1RX R \' | 0000H
‘ FFFFFD14H | CSIB1 receive data register L CB1RXL \ 00H
FFFFFD16H CSIB1 transmit data register CB1TX R/W \' | 0000H
‘ FFFFFD16H | CSIB1 transmit data register L CB1TXL \ 00H
FFFFFD20H CSIB2 control register 0 CB2CTLO N \ 01H
FFFFFD21H CSIB2 control register 1 CB2CTLA1 ~ J 00H
FFFFFD22H CSIB2 control register 2 CB2CTL2 \ 00H
FFFFFD23H CSIB2 status register CB2STR \ \ 00H
FFFFFD24H CSIB2 receive data register CB2RX R N | 0000H
FFFFFD24H | CSIB2 receive data register L CB2RXL \ O00H
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Address Function Register Name Symbol R/W  [Manipulatable Bits Default Value
1 8 16

FFFFFD26H CSIB2 transmit data register CB2TX R/W \' | 0000H
FFFFFD26H | CSIB2 transmit data register L CB2TXL \ 00H
FFFFFD30H CSIB3 control register 0 CB3CTLO NN 01H
FFFFFD31H CSIB3 control register 1 CB3CTL1 v \ O0H
FFFFFD32H CSIB3 control register 2 CB3CTL2 \ 00H
FFFFFD33H CSIB3 status register CB3STR v \ 00H

FFFFFD34H CSIB83 receive data register CB3RX R \' | 0000H
‘ FFFFFD34H | CSIB3 receive data register L CB3RXL \ 00H

FFFFFD36H CSIBS3 transmit data register CB3TX RW \' | 0000H
‘ FFFFFD36H | CSIB3 transmit data register L CB3TXL \ 00H
FFFFFD40H CSIB4 control register 0 CB4CTLO NN 01H
FFFFFD41H CSIB4 control register 1 CB4CTL1 v \ O0H
FFFFFD42H CSIB4 control register 2 CB4CTL2 \ 00H
FFFFFD43H CSIB4 status register CB4STR v \ 00H

FFFFFD44H CSIB4 receive data register CB4RX R v | 0000H
| FFFFFD44H | CSIB4 receive data register L CB4RXL \ 00H

FFFFFD46H CSIB4 transmit data register CB4TX R/W \' | 0000H
| FFFFFD46H | CSIB4 transmit data register L CB4TXL \ 00H
FFFFFD80H IIC shift register 0 1ICO \ 00H
FFFFFD82H IIC control register 0 licco v \ O0H
FFFFFD83H Slave address register 0 SVAO \ 00H
FFFFFD84H IIC clock select register 0 IICCLO v \ 00H
FFFFFD85H IIC function expansion register 0 1ICX0 y J O0H
FFFFFD86H IIC status register 0 1ICSo R NN 00H
FFFFFD8AH IIC flag register 0 IICFO RW | \ O0H
FFFFFD90H IIC shift register 1 IIC1 J 00H
FFFFFD92H IIC control register 1 IICCA v \ 00H
FFFFFD93H Slave address register 1 SVA1 \ O00H
FFFFFD94H IIC clock select register 1 lICCL1 NN 00H
FFFFFD95H IIC function expansion register 1 ICX1 v \ 00H
FFFFFD96H IIC status register 1 lICst R v \ O0H
FFFFFD9AH IIC flag register 1 IICF1 RW | \ O0H
FFFFFDAOH 1IC shift register 2 lIc2 \ O00H
FFFFFDA2H IIC control register 2 lcc2 y J O0H
FFFFFDA3H Slave address register 2 SVA2 \ 00H
FFFFFDA4H IIC clock select register 2 licCL2 NN 00H
FFFFFDA5H IIC function expansion register 2 licx2 NN 00H
FFFFFDAGH IIC status register 2 lcs2 R v \ 00H
FFFFFDAAH IIC flag register 2 lICF2 RW | J O0H
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3.4.7 Special registers
Special registers are registers that are protected from being written with illegal data due to a program hang-up. The
V850ES/JC3-L and VB50ES/JE3-L have the following seven special registers.

e Power save control register (PSC)

Clock control register (CKC)

¢ Processor clock control register (PCC)
¢ Clock monitor mode register (CLM)

¢ Reset source flag register (RESF)

Low-voltage detection register (LVIM)
¢ On-chip debug mode register (OCDM)

In addition, the PRCDM register is provided to protect against a write access to the special registers so that the
application system does not inadvertently stop due to a program hang-up. A write access to the special registers is made
in a specific sequence, and an illegal store operation is reported to the SYS register.
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(1) Setting data to special registers
Set data to the special registers in the following sequence.

<1> Disable DMA operation.

<2> Prepare data to be set to the special register in a general-purpose register.

<3> Write the data prepared in <2> to the PRCMD register.

<4> Write the setting data to the special register (by using the following instructions).

e Store instruction (ST/SST instruction)

¢ Bit manipulation instruction (SET1/CLR1/NOT1 instruction)
(<5> to <9> Insert NOP instructions (5 instructions).)"*®
<10> Enable DMA operation if necessary.

Note When switching to the IDLE mode or the STOP mode (PSC.STP bit = 1), 5 NOP instructions must be
inserted immediately after switching is performed.

Caution To resume the DMA operation in the status before the DMA operation was disabled after a special
sequence, the DCHCn register status must be stored before the DMA operation is disabled.
After the DCHCn register status is stored, the DCHCn.TCn bit must be checked before the DMA
operation is resumed and the following processing must be executed according to the TCn bit
status, because completion of DMA transfer may occur before the DMA operation is disabled.

¢ When the TCn bit is 0 (DMA transfer not completed), the contents of the DCHCn register stored
before the DMA operation was disabled are written to the DCHCn register again.

e When the TCn bit is 1 (DMA transfer completed), DMA transfer completion processing is
executed.

Remark n=0t03
[Example] PSC register (setting standby mode)

ST.B rl11, PSMR[rO0] ; Set PSMR register (setting IDLE1, IDLE2, and STOP modes).
<1>CLR1 0, DCHCn[rO] ; Disable DMA operation. n=01to0 3
<2>MOVOx02, ri10
<3>ST.B r10, PRCMD[r0] ; Write PRCMD register.
<4>ST.B r10, PSC[rO] ; Set PSC register.

<5>NOP"°* ; Dummy instruction
<6>NOP"* ; Dummy instruction
<7>NOP"* ; Dummy instruction
<8>NOP"°* ; Dummy instruction
<9>NOP"* ; Dummy instruction

<10>SET1 0, DCHCn[rO] ; Enable DMA operation. n=0t0 3
(next instruction)

There is no special sequence required to read a special register.
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Note Five NOP instructions or more must be inserted immediately after setting the IDLE1 mode, IDLE2 mode, or
STOP mode (by setting the PSC.STP bit to 1).

Caution When a store instruction is executed to store data in the command register, interrupts are not
acknowledged. This is because it is assumed that steps <3> and <4> above are performed by
successive store instructions. If another instruction is placed between <3> and <4>, and if an
interrupt is acknowledged by that instruction, the above sequence may not be established,
causing malfunction.

Remark Although dummy data is written to the PRCMD register, use the same general-purpose register used to
set the special register (<4> in the example) to write data to the PRCMD register (<3> in the example).
The same applies when a general-purpose register is used for addressing.

(2) Command register (PRCMD)
The PRCMD register is an 8-bit register that protects the registers that may seriously affect the application system
from being written, so that the system does not inadvertently stop due to a program hang-up. The first write access
to a special register is valid after data has been written in advance to the PRCMD register. In this way, the value of
the special register can be rewritten only in a specific sequence, so as to protect the register from an illegal write
access.
The PRCMD register is write-only, in 8-bit units (undefined data is read when this register is read).

After reset: Undefined W Address: FFFFF1FCH

7 6 5 4 3 2 1 0
PRCMD | REG7 | REG6 | REG5 | REG4 | REG3 | REG2 | REG1 | REGO |
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(3) System status register (SYS)
Status flags that indicate the operation status of the overall system are allocated to this register.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF802H

6 5 4 3 1 <0>
sys [ o | o | o | o | o | o | o |rremm|
PRERR Detects protection error
0 Protection error did not occur.
1 Protection error occurred.

The PRERR flag operates under the following conditions.

(a) Set condition (PRERR flag = 1)
(i) When data is written to a special register without writing anything to the PRCMD register (when <4> is
executed without executing <3> in 3.4.7 (1) Setting data to special registers)
(i) When data is written to an on-chip peripheral I/O register other than a special register (including execution
of a bit manipulation instruction) after writing data to the PRCMD register (if <4> in 3.4.7 (1) Setting data
to special registers is not the setting of a special register)

Remark Even if an on-chip peripheral 1/O register is read (except by a bit manipulation instruction) or the
internal RAM is accessed between an operation to write the PRCMD register and an operation to
write a special register, the PRERR flag is not set, and the set data can be written to the special
register.

(b) Clear condition (PRERR flag = 0)
(i) When 0 is written to the PRERR flag
(i) When the system is reset

Cautions 1. If 0 is written to the PRERR bit of the SYS register, which is not a special register,
immediately after a write access to the PRCMD register, the PRERR bit is cleared to 0 (the
write access takes precedence).

2. If data is written to the PRCMD register, which is not a special register, immediately after a
write access to the PRCMD register, the PRERR bit is set to 1.
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3.4.8 Registers to be set first

Be sure to set the following registers first when using the V850ES/JC3-L, VB50ES/JES-L.

e System wait control register (VSWC)
¢ On-chip debug mode register (OCDM)
e Watchdog timer mode register 2 (WDTM2)

After setting the VSWC, OCDM, and WDTM2 registers, set the other registers as necessary.

(a) System wait control register (VSWC)

The VSWOC register controls wait of bus access to the on-chip peripheral I/O registers.

Three clock cycles are required to access an on-chip peripheral 1/O register (without a wait cycle). The

V850ES/JC3-L, V850ES/JES3-L require wait cycles according to the operating frequency. Set the following

value to the VSWC register in accordance with the frequency used.
This register can be read or written in 8-bit units.
Reset sets this register to 77H (number of waits: 14).

After reset: 77H R/W Address: FFFFFO6EH

7 6 5 4 3 2 1
vswe | | | | | | | |
Operating Frequency (fcik) Set Value of VSWC Number of Waits
32 kHz < feik < 16.6 MHz 00H 0 (no waits)
16.6 MHz < foik < 20 MHz 01H 1

(b) On-chip debug mode register (OCDM)
For details, see CHAPTER 29 ON-CHIP DEBUG FUNCTION.

(c) Watchdog timer mode register 2 (WDTM2)

The WDTM2 register sets the overflow time and the operation clock of watchdog timer 2.

Watchdog timer 2 automatically starts in the reset mode after reset is released. To specify the operation of

watchdog timer 2, write to the WDTM2 register after reset is released.
For details, see CHAPTER 11 WATCHDOG TIMER 2.
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3.4.9 Cautions

(1) Accessing special on-chip peripheral I/O registers
This product has two types of internal system buses.
One is a CPU bus and the other is a peripheral bus that interfaces with low-speed peripheral hardware.
The clock of the CPU bus and the clock of the peripheral bus are asynchronous. If an access to the CPU and an
access to the peripheral hardware conflict, therefore, unexpected illegal data may be transferred. If there is a
possibility of a conflict, the number of cycles for accessing the CPU changes when the peripheral hardware is
accessed, so that correct data is transferred. As a result, the CPU does not start processing of the next instruction
but enters the wait status. If this wait status occurs, the number of clocks required to execute an instruction
increases by the number of wait clocks shown below.
This must be taken into consideration if real-time processing is required.
When special on-chip peripheral I/O registers are accessed, more wait states may be required in addition to the
wait states set by the VSWC register.
The access conditions and how to calculate the number of wait states to be inserted (number of CPU clocks) at this
time are shown below.

Table 3-3. Registers That Requires Waits

Peripheral Function Register Name Access k
16-bit timer/event counter P (TMP) TPNnCNT Read 1or2
(n=0to5) TPnCCRO, TPnCCR1 Write o 1% access: No wait
e Continuous write: 3 or 4
Read 1or2
16-bit timer/event counter Q (TMQ) | TQOCNT Read 1or2
TQOCCRO to TQOCCR3 Write e 1% access: No wait
e Continuous write: 3 or 4
Read 1or2
Watchdog timer 2 (WDT2) WDTM2 Write 3
(when WDT?2 operating)
Real-time output function (RTO) RTBLO, RTBHO Write 1
(RTPCO.RTPOEO bit = 0)
A/D converter ADAOMO Read 1or2
ADAOCRO to ADAOCR9 Read 1or2
ADAOCROH to ADAOCR9H Read 1or2
I*CO0 to I°C02 IICSO0 to 1ICS2 Read 1
CRC CRCD Write 1

Number of clocks necessary for access =3 +i+j+ (2+]) xk

Caution Accessing the above registers is prohibited in the following statuses. If a wait cycle is generated,
it can only be cleared by a reset.
¢ When the CPU operates on the subclock and main clock oscillation is stopped
* When the CPU operates on the internal oscillator clock

Remark i: Value (0) of higher 4 bits of VSWC register
j: Value (0 or 1) of lower 4 bits of VSWC register
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(2) Conflict between sld instruction and interrupt request

(a) Description
If a conflict occurs between the decode operation of an instruction in <2> immediately before the sld instruction
following an instruction in <1> and an interrupt request before the instruction in <1> is complete, the execution
result of the instruction in <1> may not be stored in a register.

Instruction <1>
e |d instruction: Id.b, Id.h, Id.w, Id.bu, Id.hu
e sld instruction: sld.b, sld.h, sld.w, sld.bu, sld.hu
e Multiplication instruction: mul, mulh, mulhi, mulu

Instruction <2>

mov regl, reg2 not reg1, reg2 satsubr regi, reg2 satsub reg1, reg2
satadd regi, reg2 satadd imm5, reg2 or regl, reg2 xor regi, reg2
and reg1, reg2 tst reg1, reg2 subr reg1, reg2 sub reg1, reg2
add regf, reg2 add immb5, reg2 cmp regi, reg2 cmp immb5, reg2
mulh reg1, reg2 shr immb5, reg2 sar immb5, reg2 shl immb5, reg2
<Example>
<i> Idw [r11],r10 If the decode operation of the mov instruction <ii> immediately before the sid

instruction <iii> and an interrupt request conflict before execution of the Id instruction
. <i> is complete, the execution result of instruction <i> may not be stored in a register.
<ii> mov r10, r28

<iii> sld.w 0x28, r10

(b) Countermeasure

<1> When compiler (CA850) is used
Use CA850 Ver. 2.61 or later because generation of the corresponding instruction sequence can be
automatically suppressed.

<2> For assembler
When executing the sld instruction immediately after instruction <ii>, avoid the above operation using
either of the following methods.

e Insert a nop instruction immediately before the sld instruction.
e Do not use the same register as the sld instruction destination register in the above instruction <ii>
executed immediately before the sld instruction.
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CHAPTER 4 PORT FUNCTIONS

4.1 Features
4.1.1 V850ES/JC3-L (40-pin)
O /O port pins: 27
¢ N-ch open-drain output selectable
O Input/output specifiable in 1-bit units
4.1.2 V850ES/JC3-L (48-pin)
O /O port pins: 34
¢ N-ch open-drain output selectable
O Input/output specifiable in 1-bit units
4.1.3 V850ES/JE3-L
O /O port pins: 50

¢ N-ch open-drain output selectable
O Input/output specifiable in 1-bit units

: 20 (5V tolerant: 17)

: 25 (5V tolerant: 20)

: 37 (5V tolerant: 28)
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4.2 Basic Port Configuration
4.21 V850ES/JC3-L (40-pin)

The V850ES/JC3-L (40-pin) features a total of 27 1/0 port pins organized as ports 0, 3to 5, 7, 9, CM, and DL. The port
configuration is shown below.

Figure 4-1. Port Configuration (V850ES/JC3-L (40-pin))

— P P70 f=—
Port 0 { i | Pos g |l Port7
-— = P05
P30 PO [~—
Port 3 { P31 P91 [+——
P96 [«—
<—I> P40 P97 |+——— Port 9
Port 4 { ! P914 [+
S— YT P915 [+=—"—
: P50 PCMO > Port CM
Port 5 { ' PDL5 - Port DL
-— = P55
Caution Ports 0, 3 to 5, and 9 (P90, P91, P96) are 5V tolerant.

Table 4-1. 1/0 Buffer Power Supplies for Pins (V850ES/JC3-L (40-pin))

Power Supply Corresponding Pins
AVRero Port 7
EVop RESET, ports 0, 3to 5, 9, CM, DL
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4.2.2 V850ES/JC3-L (48-pin)
The V850ES/JC3-L (48-pin) features a total of 34 1/O port pins organized as ports 0, 1, 3to 5, 7, 9, CM, and DL. The
port configuration is shown below.

Figure 4-2. Port Configuration (V850ES/JC3-L (48-pin))

P70 f«——
! P02 : Port 7
Port 0 ! P03 P75 '
-~ [ PO5
P90 [«—
Port1 < P10 =Y —
-~ { P30 P96 [~—
: Port 9
Pot3 < . .lpso P99 |~
P914 |[~—n
P38 P915 [+~
-~ P39
~———=| P40 PCMO - Port CM
Port 4 : PDL5 > Port DL
| P42 ©
-——| P50
Port 5 { !
~——~| P55

Caution Ports 0, 3 to 5, and 9 (P90, P91, P96) are 5V tolerant.

Table 4-2. 1/0 Buffer Power Supplies for Pins (V850ES/JC3-L (48-pin))

Power Supply Corresponding Pins
AVRero Port 7
AVREF1 Port 1
EVop RESET, ports 0, 3to 5, 9, CM, DL
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4.2.3 V850ES/JE3-L
The V850ES/JES-L features a total of 50 I/O port pins organized as ports 0, 1, 3 to 5, 7, 9, CM, and DL. The port
configuration is shown below.

Figure 4-3. Port Configuration (V850ES/JE3-L)

- P02 P70 .
. ' Port 7
Port 0 { ! P79 '
~——~ P06
P90 [+——
Port1 < P10 |
-~ P30 P94 Port 9

| P96 |~
Port3 < =« . p3s5 |
| P38 P915 |+=———
~— P39 PCMO - Port CM
-~ P40
, PDL Port DL
Port 4 { ; 5 o Port

-~ P42

~—— | P50
Port 5 { !

-~ P55

Caution Ports 0, 3 to 5, and 9 (P90 to P94, P96) are 5V tolerant.

Table 4-3. 1/0 Buffer Power Supplies for Pins (V850ES/JE3-L)

Power Supply Corresponding Pins
AVRero Port 7
AVREF1 Port 1
EVop RESET, ports 0, 3to 5, 9, CM, DL
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4.3 Port Configuration

The ports consist of the following hardware.

Table 4-4. Port Configuration (V850ES/JC3-L (40-pin))

Iltem

Configuration

Control registers

Port n mode register (PMn:n=0, 3t0 5,7, 9, CM, DL)

Port n mode control register (PMCn:n=0, 3t0 5, 9)

Port n function control register (PFCn: n =0, 3 to 5, 9)

Port n function control expansion register (PFCEn: n=0,5,9)
Port n function register (PFn:n =0, 3t0 5, 9)

Port pins

I/O: 34

Table 4-5. Port Configuration (V850ES/JC3-L (48-pin))

Iltem

Configuration

Control registers

Port n mode register (PMn:n=0, 1,310 5, 7,9, CM, DL)

Port n mode control register (PMCn: n =0, 3 to 5, 9)

Port n function control register (PFCn: n =0, 3 to 5, 9)

Port n function control expansion register (PFCEn: n=0, 3,5, 9)
Port n function register (PFn:n =0, 3 to 5, 9)

Port pins

1/0: 34

Table 4-6. Port Configuration (V850ES/JE3-L)

Item

Configuration

Control registers

Port n mode register (PMn:n=0, 1,310 5, 7,9, CM, DL)

Port n mode control register (PMCn: n =0, 3 to 5, 9)

Port n function control register (PFCn: n =0, 3 to 5, 9)

Port n function control expansion register (PFCEn: n=0, 3,5, 9)
Port n function register (PFn:n =0, 3 to 5, 9)

Port pins

1/0: 50
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(1) Port n register (Pn)
Data 1/O with external devices is performed by writing to and reading from the Pn register. The Pn register is made
up of a port latch that retains the output data and a circuit that reads the pin status.
Each bit of the Pn register corresponds to one pin of port n and can be read or written in 1-bit units.

After reset: 00HN* (output latch)  R/W

7 6 5 7 3 2 1 0
Pn | Pn7 ‘ Pn6é ‘ Pn5 ‘ Pn4 ‘ Pn3 ‘ Pn2 ‘ Pn1 ‘ Pn0O |
Pnm Control of output data (in output mode)

0 0 is output.

1 1 is output.

Note This value is undefined for input-only ports.

The operation when writing or reading the Pn register differs depending on the specified mode.

Table 4-7. Reading and Writing Pn Register

PMCn Register Setting PMn Register Setting Writing Pn Register Reading Pn Register
Port mode Output mode Write to the output latch™™. The value of the output
(PMCnm bit = 0) (PMnm bit = 0) The contents of the output latch are output | latch is read.
from the pin.
Input mode Write to the output latch"™. The pin status is read.
(PMnm bit = 1) The status of the pin is not affected.
Alternate-function mode Output mode Write to the output latch"*. The value of the output
(PMCnm bit = 1) (PMnm bit = 0) The status of the pin is not affected. latch is read.
The pin operates as an alternate-function
pin.
Input mode Write to the output latch™*, The pin status is read.
(PMnm bit = 1) The status of the pin is not affected.
The pin operates as an alternate-function
pin.

Note The value written to the output latch is retained until a new value is written to the output latch.
The output latch value is cleared by a reset.
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(2) Port n mode register (PMn)
PMn specifies the input mode or output mode of the port.
Each bit of the PMn register corresponds to one pin of port n and can be specified in 1-bit units.

After reset: FFH R/W

7 6 5 4 3 2 1 0
PMn [ PMn7 | PMn6 | PMns | PMn4 | PMn3 | Pmn2 | Pmnt | Pmno |

PMnm Control of I/O mode

0 Output mode

1 Input mode

(3) Port n mode control register (PMCn)

If the port function and the alternate function need to be switched, specify the port mode or the alternate function
mode by using this register.

Each bit of the PMCn register corresponds to one pin of port n and can be specified in 1-bit units.

After reset: 00H R/W

7 6 5 4 3 2 ! 0
PMCn | pmcn7 | PMCn6 | PMCns | PMCn4 | PMCn3 | PMCn2 | PMCn1 | PMCno |

PMCnm Specification of operation mode

0 Port mode

1 Alternate function mode
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(4) Port n function control register (PFCn)
PFCn is a register that specifies the alternate function to be used when one pin has two or more alternate functions.
Each bit of the PFCn register corresponds to one pin of port n and can be specified in 1-bit units.

After reset: 00H R/W

7 6 5 4 3 2 1 0
PFCn [ PFCn7 | PFCné | PFCns | PFCnd | PFCn3 | PFCn2 | PFCn1 | PFCno |

PFCnm Specification of alternate function
0 Alternate function 1
1 Alternate function 2

(5) Port n function control expansion register (PFCEn)
The PFCEn register specifies the alternate function of a port pin in combination with the PFCn register if the pin
has three or more alternate functions.
Each bit of the PFCEn register corresponds to one pin of port n and can be specified in 1-bit units.

After reset: 00H R/W

7 6 5 4 3 2 1 0
PFCEn | PFCEn7 | PFCEn6 | PFCENS | PFCEn4 | PFCENS | PFCEn2 | PFCENt | PFCENO |

7 6 5 4 3 2 1 0
PFCn | PFCn7 | PFCn6 | PFCns | PFCn4 | PFCn3 | PFCn2 | PFCn1 | PFCno |

PFCEnm| PFCnm Specification of alternate function
0 0 Alternate function 1
0 1 Alternate function 2
1 0 Alternate function 3
1 1 Alternate function 4
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(6) Port n function register (PFn)

PFn is a register that specifies normal output (CMOS output) or N-ch open-drain output.
Each bit of the PFn register corresponds to one pin of port n and can be specified in 1-bit units.

After reset: 0OH R/W

7 6 5 4 3 2 1 0
PFn | PFn7 | PFn6 | PFns | PFn4 | PFn3 | PFn2 | PFn1 | PFno |

PFnmM°®|  Specification of normal output (CMOS output)/N-ch open-drain output
0 Normal output (CMOS output)

1 N-ch open-drain output

Note Regardless of the settings of the PMCn register, the PFnm bit is valid only if the

PMn.PMnm bit is set to 0 (output mode). If the PMnm bit is set to 1 (input mode), the
values specified for the PFn register are invalid.

Example <1> The PFn register values are valid when:
PFnm bit = 1 ... N-ch open drain output is specified.
PMnm bit = 0 ... Output mode is specified.
PMCnm bit = Any value
<2> The PFn register values are invalid when:
PFnm bit = 1 ... N-ch open drain output is specified.
PMnm bit =1 ... Input mode is specified.
PMCnm bit = Any value
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(7) Port setting
Set a port as illustrated below.

Figure 4-4. Setting of Each Register and Pin Function

Port mode

Qutput mode

PMn register

Input mode

Alternate function
(when two alternate
functions are available)

“QP

Alternate function 1

PFCn register

PMCn register

Alternate function 2

Alternate function
(when three or more alternate
functions are available)

Alternate function 1 (a)

Alternate function 2 —| (b) PFCn register

©) PFCEnm | PFCnm
Alternate function 3 — | PFCERn register

J

Remark Set the alternate functions in the following sequence.

—_
[}
—
L~ ==~
Q[0 [T [
= = &

0
0
1
1

= |O|= O

Alternate function 4

<1> Set the PFCn and PFCEn registers.
<2> Set the PMCn register.
<3> Set the INTRn or INTFn register (to specify an external interrupt pin).

If the PMCn register is set first, an unintended function may be set while the PFCn and PFCEn
registers are being set.
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4.3.1

Port 0

Port 0 is a 5-bit port (VB50ES/JE3-L) or a 3-bit port (VB50ES/JC3-L (40-pin), VB50ES/JC3-L (48-pin)) for which 1/O
settings can be controlled in 1-bit units.
Port 0 includes the following alternate-function pins.

Table 4-8. Port 0 Alternate-Function Pins

Pin No. Function Alternate Function Remark Block Type

JC3L | JC3L | JE3L Name Name 110
(40) | (48)
11 13 17 | P02 NMI Input Selectable as N-ch L-1
12 14 18 | P03 INTPO/ADTRG/RTC1HZ Input/Output open-drain output U-15

- - 19 | P04 INTP1/RTCDIV/RTCCL Input/Output N-2
27 31 41 | P05 INTP2/DRST"* Input AA-1

- - 20 | P06 INTP3 Input L-1

Note The DRST pin is used for on-chip debugging.
If on-chip debugging is not used, fix the PO5/INTP2/DRST pin to low level between when the reset signal of the

RESET pin is released and when the OCDM.OCDMO bit is cleared (0).

For details, see 4.6.3 Cautions on on-chip debug pins.

Caution The P02 to P06 pins have hysteresis characteristics in the input mode of the alternate function, but

do not have hysteresis characteristics in the port mode.

Remark JC3L (40): VB50ES/JC3-L (40-pin products)
JC3L (48): VB850ES/JC3-L (48-pin products)
: VB50ES/JES-L

JE3L

R0O1UHO018EJ0200 Rev.2.00
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(1) Port 0 register (P0)

(a) V850ES/JC3-L (40-pin), V850ES/JC3-L (48-pin)

After reset: 00H (output latch) R/W Address: FFFFF400H
6 5 4 3 2 1 0
Po | o | o | Pps | o | P | P2 | o | o |
POn Output data control (in output mode) (n =2, 3, 5)
0 Outputs 0
1 Outputs 1
(b) V850ES/JE3-L
After reset: 00H (output latch) R/W Address: FFFFF400H
7 6 5 4 3 2 1 0
PO | o | Pos | Pos | Poa | Pos3 | P2 | o | o |
PONn Output data control (in output mode) (n = 2 to 6)

0 Outputs 0

1 Outputs 1
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(2) Port 0 mode register (PMO0)

After reset: FFH

7

(a) V850ES/JC3-L (40-pin), V850ES/JC3-L (48-pin)

R/W Address: FFFFF420H

6

4 3 2

PMO |

1

| 1 [ pvos | 1 | Pmos | Pmoz2 |

—_

|

PMOn

1/0 mode control (n =2, 3, 5)

Output mode

Input mode

(b) V850ES/JE3-L

After reset: FFH

7

R/W Address: FFFFF420H

6

4 3 2

PMO |

1

| Pmos | PMos | Pmo4 | PMo3 | Pmoz2 |

_

]

PMOn

I/0O mode control (n = 2 to 6)

Output mode

Input mode
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(3) Port 0 mode control register (PMCO0)

(a) V850ES/JC3-L (40-pin), V850ES/JC3-L (48-pin)

After reset: 00H R/W Address: FFFFF440H
6 5 4 3 2 1 0
Pmco [ o | o |pPmcos| o |pwmcos|Pmco2| o | o |
PMCO05 Specification of pin operation
0 I/O port (P05)
1 INTP2 input
PMCO03 Specification of pin operation
0 I/O port (P03)
1 INTPO input/ADTRG input/RTC1HZ output
PMC02 Specification of pin operation
0 I/O port (P02)
1 NMI input
(b) VB50ES/JE3-L
After reset: O0H R/W Address: FFFFF440H
7 6 5 4 3 2 1 0
PMco | o | Pmcos | Pmcos | Pmco4 | PMcos [ Pmco2 | o | o |
PMCO06 Specification of pin operation
0 I/O port (P06)
1 INTP3 input
PMCO05 Specification of pin operation
0 I/O port (P05)
1 INTP2 input
PMCO04 Specification of pin operation
0 I/O port (P04)
1 INTP1 input/RTCDIV output/RTCCL output
PMCO03 Specification of pin operation
0 I/0 port (P03)
1 INTPO input/ADTRG input/RTC1HZ output
PMC02 Specification of pin operation
0 I/O port (P02)
1 NMI input

Caution The PO5/INTP2/DRST pin becomes the DRST pin regardless of the value of the PMCO05 bit
when the OCDM.OCDMO bit is 1.
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(4) Port 0 function control register (PFCO0)

(a) VB50ES/JC3-L (40-pin), VB50ES/JC3-L (48-pin)
After reset: O0H R/W Address: FFFFF460H

7 6 5 4 3 2 1 0
Prco [ o | o | o | o |pPreco3a| o |

o
o

(b) V850ES/JE3-L

After reset: 00H R/W Address: FFFFF460H

7 6 5 4 3 2 1 0
Prco [ o | o | o |Prcos | pPFcosa| o |

o
o

Remark For details of alternate function specification, see 4.3.1 (6) Port 0 alternate function
specifications.

(5) Port 0 function control expansion register (PFCEOQ)

(a) VB50ES/JC3-L (40-pin), VB50ES/JC3-L (48-pin)
After reset: 00H R/W Address: FFFFF700H

7 6 5 4 3 2 1 0
PFCE0 | o | o | o | o |PFcEos]

o
o
o

(b) V850ES/JE3-L

After reset: 00H R/W Address: FFFFF700H

5 4 3 2 1 0
PFCEO | o | o | o |PFCE04 | PFCE0S]

o
o
o

Remark For details of alternate function specification, see 4.3.1 (6) Port 0 alternate function
specifications.

(6) Port 0 alternate function specifications

PFCEQ4"" PFC04"* Specification of P04 pin alternate function"
0 0 INTP1 input
0 1 RTCDIV output
1 0 RTCCL output
1 1 Setting prohibited

Note V850ES/JES3-L only
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PFCEO3 PFCO03 Specification of P03 pin alternate function
0 0 INTPO input
0 1 ADTRG input
1 0 Setting prohibited
1 1 RTC1HZ output

(7) Port 0 function register (PFO0)

(a) V850ES/JC3-L (40-pin), VB50ES/JC3-L (48-pin)
After reset: 00H R/W Address: FFFFFC60H

6 5 4 3 2 1 0
PFo | o | o | Ppros | o | PFo3 | PFo2 | o0

PFOn |Specification of normal output (CMOS output) or N-ch open-drain output (n =2, 3, 5)

0 Normal output (CMOS output)

1 N-ch open-drain output

(b) V850ES/JE3-L
After reset: 00H R/W Address: FFFFFC60H

7 6 5 4 3 2 1 0
PF0 | o | PFos | PFos | PFo4 | PFo3 | PFo2 | o | o |

PFOn | Specification of normal output (CMOS output) or N-ch open-drain output (n = 2 to 6)

0 Normal output (CMOS output)

1 N-ch open-drain output

Caution When an output pin is pulled up to EVob or higher, be sure to set the PFOn bit to 1.
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Mar 25, 2014 RENESANAS

Page 104 of 969



V850ES/JC3-L, VB50ES/JE3-L CHAPTER 4 PORT FUNCTIONS

4.3.2 Port 1 (V850ES/JC3-L (48-pin), VB50ES/JE3-L)
Port 1 is a 1-bit port for which I/O settings can be controlled in 1-bit units.
Port 1 includes the following alternate-function pin.

Table 4-9. Port 1 Alternate-Function Pins

Pin No. Function Alternate Function Remark Block Type
JcaL | JesL | JesL | Name Name /0
(40) (48)
- 3 3 P10 ANOO Output - A-2

Caution When the power is turned on, the P10 pin may output an undefined level temporarily even during
reset.

Remark JC3L (40): VB50ES/JC3-L (40-pin products)
JC3L (48): V850ES/JC3-L (48-pin products)
JE3L : VB50ES/JES-L

(1) Port 1 register (P1)

After reset: 00H (output latch) R/W Address: FFFFF402H

7 6 5 4 3 2 1 0
Pt | o | o | o | o | o | o | o [ P |
P10 Output data control (in output mode)
0 Outputs 0
1 Outputs 1

Caution Do not read or write the P1 register during D/A conversion (see 14.4.3 Cautions).

(2) Port 1 mode register (PM1)

After reset: FFH R/W  Address: FFFFF422H

7 6 5 4 3 2 ! 0
mt [0 ] 1 ] 1 ] 1 [ 1 1 [ 1 ]| pmio |
PM10 1/0 mode control

0 Output mode

1 Input mode

Caution  When using P10 as the alternate function (ANOO pin output), specify the input mode
(PM10 bit = 1)..
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43.3 Port3

Port 3 is a 8-bit port (V850ES/JE3-L) or a 5-bit port (VB50ES/JC3-L (48-pin)), a 2-bit port (V850ES/JC3-L (40-pin)) for
which 1/O settings can be controlled in 1-bit units.

Port 3 includes the following alternate-function pins.

Table 4-10. Port 3 Alternate-Function Pins

Pin No. Function Alternate Function Remark Block

JcaL | JcaL | JesL | Name Name No) Type
(40) (48)

- 33 45 P30 TXDAO/SOB4 ________________________ Output Selectable as N-ch open- G-3

29 - - TXDAO Output | drain output G-13

- |3 | 45 |P31  |RXDAOUINTP7/SIB4 Input N-3

30 - - RXDAO/INTP7 Input N-4

- 35 47 | P32 ASCKAO/SCKBA4/TIP00/TOP0OO /0 u-1

- - 43 P33 TIPO1/TOPO1 /0 G-1

- - 44 P34 TIP10/TOP10 1/0 G-1

- - 23 P35 TIP11/TOP11 /0 G-1

- 18 26 P38 TXDA2/SDA0O I/0 G-12

- 19 27 P39 RXDA2/SCL00 I/0 G-6

Caution The P31 to P35, P38, P39 pins have hysteresis characteristics in the input mode of the alternate-
function pin, but do not have hysteresis characteristics in the port mode.

Remark JC3L (40): VB50ES/JCS3-L (40-pin products)
JC3L (48): VB50ES/JC3-L (48-pin products)
JE3L : VB50ES/JES-L
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(1) Port 3 register (P3)

(a) V850ES/JC3-L (40-pin)

After reset: 0000H (output latch) R/W Address: FFFFF406H

4 3 2 1 0
PsL [ o | o | o | o | o | o | pa | pao |
P3n Output data control (in output mode) (n =0, 1)
0 Outputs 0
1 Outputs 1

(b) V850ES/JC3-L (48-pin)

After reset: 0000H (output latch) R/W Address: P3 FFFFF406H,
P3L FFFFF406H, P3H FFFFF407H

15 14 13 12 1 10 9 8
P3P3H) | o | o | o | o | o | o | ps | Pss |
6 5 4 3 2 1 0
®) [ o | o | o | o | o | pa2 | pst | pPao |
P3n Qutput data control (in output mode) (n =0 to 2, 8, 9)
0 QOutputs 0
1 Outputs 1

(c) VB850ES/JE3-L

After reset: 0000H (output latch) R/W Address: P3 FFFFF406H,
P3L FFFFF406H, P3H FFFFF407H

15 14 13 12 11 10 9 8
PaPa) [ o | o | o | o | o | o | P | pas |
6 5 4 3 2 1 0
®3) [ o | o | Pss | pa4 | Pas | Pa2 | P31 | P30 |
P3n Qutput data control (in output mode) (n =0 to 5, 8, 9)
0 Outputs 0
1 Outputs 1

Remarks 1. The P3 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the P3 register as the P3H register and the lower 8
bits as the P3L register, P3 can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the P3 register in 8-bit or 1-bit units, specify them as bits 0 to 7 of
the P3H register.
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(2) Port 3 mode register (PM3)

(a) V850ES/JC3-L (40-pin)

After reset: FFFFH R/W Address: FFFFF426H

7 6 5 4 3 2 1 0
st [ 1 | 1 | 1+ | 1 | 1 | 1 | Pmat | Pumao |
PM3n I/0 mode control (n =0, 1)

0 Output mode

1 Input mode

(b) V850ES/JC3-L (48-pin)

After reset: FFFFH R/W Address: PM3 FFFFF426H,
PM3L FFFFF426H, PM3H FFFFF427H

15 14 13 12 11 10 9 8
PmaPmaH) [ 1 | 1 | 1 | 1 | 1 | 1 | puse | pmas |
7 6 5 4 3 2 1 0
emay |1 | 1 [ 1 ] 1 | 1 | pms2 | Pm31 | pmao |
PM3n I/0O mode control (n=01t0 2, 8, 9)

0 Output mode

1 Input mode

(c) V850ES/JE3-L

After reset: FFFFH R/W Address: PM3 FFFFF426H,
PM3L FFFFF426H, PM3H FFFFF427H

15 14 13 12 11 10 9 8
PmsPMaH) | 1 | 1 [ 1 | 1 | 1 | 1 | Pv3o | pumas |
7 6 5 4 3 2 1 0
PmaL) | 1 | 1 | Pvas | Pwm3s4 | PM33 | Pms2 | PM31 | Pm3o |
PM3n I/0 mode control (n=0105, 8, 9)

0 Output mode

1 Input mode

Remarks 1. The PM3 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PM3 register as the PM3H register and the
lower 8 bits as the PM3L register, PM3 can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the PM3 register in 8-bit or 1-bit units, specify them as bits 0 to 7
of the PM3H register.
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(3) Port 3 mode control register (PMC3)

1/2)

(a) V850ES/JC3-L (40-pin)

After reset: 0000H R/W Address: FFFFF446H
6 5 4 3 1 0
PMcaL [ o | o | o | o | o | o |[pmcst | Pmcao |
PMC31 Specification of pin operation
0 1/0 port (P31)
1 RXDAO input/INTP7 input
PMC30 Specification of pin operation
0 1/0 port (P30)
1 TXDAO output

(b) VB50ES/JC3-L (48-pin)
After reset: 0000H

15

R/W  Address: PMC3 FFFFF446H,

PMC3L FFFFF446H, PMC3H FFFFF447H

13 12 11 10 9 8

PMC3 (PMC3H) | 0

o | o | o |Pmcs | Pmcas |

2 1 0

(PMC3L) | 0

0 | PMC32 | PMC31 | PMC30 |

Specification of pin operation

1/0 port (P39)

RXDA2 input/SCLOO I/O

Specification of pin operation

/O port (P38)

TXDA2 output/SDAOO I/O

Specification of pin operation

1/O port (P32)

ASCKAO input/SCKB4 I/O/TIP0O0 input/TOPOO output

Specification of pin operation

1/O port (P31)

RXDAO input/SIB4 input/INTP7 input

Specification of pin operation

1/0 port (P30)

TXDAO output/SOB4 output
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2/2)
(c) VB50ES/JE3-L
After reset: 0000H R/W Address: PMC3 FFFFF446H,
PMC3L FFFFF446H, PMC3H FFFFF447H
15 14 13 12 11 10 9 8
PMcaPMcaH) [ o | o | o | o | o | o [Pmcss | Pmcss |
6 5 4 3 2 1 0
Pmcal) | o | o | Pmcas | Pmca4 | Pmcas | Pmca2 | PMC31 | PMC3O |
PMC39 Specification of pin operation
0 1/0 port (P39)
1 RXDA2 input/SCLO00 I/O
PMC38 Specification of pin operation
0 1/0 port (P38)
1 TXDAZ2 output/SDA0O 1/O
PMC35 Specification of pin operation
0 1/O port (P35)
1 TIP11 input/TOP11 output
PMC34 Specification of pin operation
0 1/0 port (P34)
1 TIP10 input/TOP10 output
PMC33 Specification of pin operation
0 1/0 port (P33)
1 TIPO1 input/TOPO1 output
PMC32 Specification of pin operation
0 I/O port (P32)
1 ASCKAQO input/SCKB4 I/O/TIP00 input/TOPOO0 output
PMC31 Specification of pin operation
0 I/O port (P31)
1 RXDAO input/SIB4 input/INTP7 input
PMC30 Specification of pin operation
0 I/O port (P30)
1 TXDAO output/SOB4 output
Remarks 1. The PMC3 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PMC3 register as the PMC3H register and the
lower 8 bits as the PMC3L register, PMC3 can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the PMCS3 register in 8-bit or 1-bit units, specify them as bits 0 to
7 of the PMCS3H register.
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(4) Port 3 function control register (PFC3)

(a) V850ES/JC3-L (48-pin)

After reset: 0000H R/W Address: PFC3 FFFFF466H,
PFC3L FFFFF466H, PFC3H FFFFF467H

15 14 13 12 11 10 9 8

PFC3(PFC3H) | o | o | o | o | o | o |Prcas | prcas |
6 5 4 3 2 1 0

®Fca) | o | o | o | o | o | Prca2 | preat | proao |

(b) V850ES/JE3-L

After reset: 0000H ~R/W  Address: PFC3 FFFFF466H,
PFC3L FFFFF466H, PFC3H FFFFF467H

15 14 13 12 11 10 9 8

PFC3(PFC3H) | o | o | o | o | o | o |PFcas | pFcas |
6 5 4 3 2 1 0

PFcal) | o | o | prcas | prca4 | PFcas | PFea2 | PFeat | pFCao |

Remarks 1. For details of alternate function specification, see 4.3.3 (6) Port 3 alternate function
specifications.
2. The PFCS register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PFC3 register as the PFC3H register and the
lower 8 bits as the PFC3L register, PFC3 can be read or written in 8-bit and 1-bit units.

3. To read/write bits 8 to 15 of the PFC3 register in 8-bit or 1-bit units, specify them as bits 0 to 7
of the PFC3H register.

(5) Port 3 function control expansion register L (PFCE3L) (V850ES/JC3-L (48-pin), VB50ES/JE3-L)

After reset: 00H R/W Address: FFFFF706H

4 3 2 1 0
PrecesL | o | o | o | o | o |prcE;2| o | o |

Remark For details of alternate function specification, see 4.3.3 (6) Port 3 alternate function
specifications.
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(6) Port 3 alternate function specifications

PFC39"*' Specification of P39 pin alternate function
0 RXDA2 input
1 SCLO00 I/O
PFC38™* Specification of P38 pin alternate function
0 TXDA2 output
1 SDAOQO I/0
PFC35""** Specification of P35 pin alternate function
0 TIP11 input
1 TOP11 output
PFC34"** Specification of P34 pin alternate function
0 TIP10 input
1 TOP10 output
PFC33""** Specification of P33 pin alternate function
0 TIPO1 input
1 TOPO1 output
PFCE32"* PFC32"* Specification of P32 pin alternate function
0 0 ASCKAO input
0 1 SCKB4 1/0
1 0 TIPOO input
1 1 TOPOO output
PFC31 Specification of P31 pin alternate function
0 RXDAO input/INTP7"* input
1 SIB4 input "'
PFC30 Specification of P30 pin alternate function
0 TXDAO output
1 SOB4 output™*'
Notes1. V850ES/JC3-L (48-pin), V850/JE3-L only

2. VB50ES/JE3-L only
3. INTP7 and RXDAO are alternate functions. When using the pin for RXDAO, disable edge detection for
INTP7 (clear the INTF3.INTF31 bit and the INTR3.INTR31 bit to 0). When using the pin for INTP7,
stop UARTAO reception (clear the UAOCTLO0.UAORXE bit to 0).
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(7) Port 3 function register (PF3)

(a) V850ES/JC3-L (40-pin)

After reset: 0000H R/W Address: FFFFFC66H
6 5 4 3 2 1 0
PReL [ o | o | o | o | o | o [ P | pFao |
PF3n Specification of normal output (CMOS output) or N-ch open-drain output (n =0, 1)
0 Normal output (CMOS output)
1 N-ch open-drain output

(b) V850ES/JC3-L (48-pin)

After reset: 0000H R/W Address: PF3 FFFFFC66H,
PF3L FFFFFC66H, PF3H FFFFFC67H
15 14 13 12 11 10 9 8
PF3(PF3H) [ o o | o | o | o | o | prao | Pras |
6 5 4 3 2 1 0
PFaL) | o o | o | o | o | prs2 | P31 | PFao |
PF3n Specification of normal output (CMOS output) or N-ch open-drain output (n =010 2, 8, 9)
0 Normal output (CMOS output)

N-ch open-drain output

(c) V850ES/JE3-L

After reset: 0000H R/W Address: PF3 FFFFFC66H,
PF3L FFFFFC66H, PF3H FFFFFC67H
15 14 13 12 11 10 9 8
PF3(PF3H) | 0 o | o | o | o | o | pro | pras |
7 6 5 4 3 2 ! 0
®Fa) | o | o | Pras | PFa4 | PFa3 | PFa2 | PF31 | PF30 |
PF3n | Specification of normal output (CMOS output) or N-ch open-drain output (n=0to 5, 8, 9)
0 Normal output (CMOS output)

N-ch open-drain output

Cautions1. When an output

pin is pulled up to EVoo or higher, be sure to set the PF3n bit to 1.

2. Be sure to clear bits 15 to 10, 5 to 3 to “0”.

Remarks 1. The PF3 register can be read or written in 16-bit units.

of the PF3H register.

However, when using the higher 8 bits of the PF3 register as the PF3H register and the lower
8 bits as the PF3L register, PF3 can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the PF3 register in 8-bit or 1-bit units, specify them as bits 0 to 7
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43.4 Port4
Port 4 is a 3-bit port that controls I/O in 1-bit units.
Port 4 includes the following alternate-function pins.

Table 4-11. Port 4 Alternate-Function Pins

Pin No. Function Alternate Function Remark Block Type
JcaL | JcaL | JesL | Name Name /o
(40) (48)
16 20 28 P40 SIB0O/SDAO1 /0 Selectable as N-ch open-drain output G-6
17 21 29 P41 SOBO0/SCLO1 1/0 G-12
18 22 30 |P42 SCKBO /O E-3

Caution The P40 to P42 pins have hysteresis characteristics in the input mode of the alternate-function pin,
but do not have hysteresis characteristics in the port mode.

Remark JCS3L (40): VB50ES/JC3-L (40-pin products)
JC3L (48): VB50ES/JC3-L (48-pin products)
JE3L : VB50ES/JES-L

(1) Port 4 register (P4)

After reset: 00H (output latch) R/W Address: FFFFF408H

4 3 2 1 0
Pa | o | o | o | o | o | pa2z | pst | pao |
P4n Output data control (in output mode) (n =0 to 2)

0 Outputs 0

1 Outputs 1

(2) Port 4 mode register (PM4)

After reset: FFH R/W Address: FFFFF428H

7 6 5 4 3 2 1 0
PM4 | 1 1 1 1 1| Pmaz | Pmat | Pmao |
PM4n I/0 mode control (n =0 to 2)

0 Output mode

1 Input mode
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(3) Port 4 mode control register (PMC4)

After reset: 00H R/W Address: FFFFF448H

7 6 5 4 3 2 1 0
pmcsa | o | o | o | o | o |Pmcs2 | Pmcar | Puco |
PMC42 Specification of pin operation

0 1/0 port (P42)
1 SCKBO I/0

PMC41 Specification of pin operation
0 1/0 port (P41)
1 SOBO output/SCLO1 I/O

PMC40 Specification of pin operation
0 1/0 port (P40)
1 SIBO input/SDA01 I/O

(4) Port 4 function control register (PFC4)

After reset: O0H R/W Address: FFFFF468H

4 3 2 1 0
Prca [ o | o | o | o | o | o |Prcar | prcao |

PFC41 Specification of P41 pin alternate function

0 SOBO output

1 SCLO1 I/0
PFC40 Specification of P40 pin alternate function

0 SIBO input

1 SDAO01 1/0

(5) Port 4 function register (PF4)

After reset: 00H R/W Address: FFFFFC68H

6 5 4 3 2 1 0
PFa | o | o | o | o | o | P2 | PFa1 | PF4o0 |

PF4n | Specification of normal output (CMOS output) or N-ch open-drain output (n = 0 to 2)

0 Normal output (CMOS output)

1 N-ch open-drain output

Caution When an output pin is pulled up to EVop or higher, be sure to set the PF4n bit to 1.
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4.3.5 Portb
Port 5 is a 6-bit port that controls I/O in 1-bit units.
Port 5 includes the following alternate-function pins.

Table 4-12. Port 5 Alternate-Function Pins

Pin No. Function Alternate Function Remark Block Type

JoaL | JeaL | JesL | Name Name 1o}

(40) | (48)

21 25 35 | P50 TIQO1/KRO/TOQO1/RTP0OO /0 Selectable as N-ch | U-5

22 26 36 | P51 TIQO2/KR1/TOQ02/RTPO1 110 open-drain output U-5

23 27 37 | P52 TIQO3/KR2/TOQO3/RTPO2/DDI™* I/0 U-6

24 28 38 | P53 SIB2/KR3/TIQ00/TOQO0/RTPO3/DDO"" o) u-7

25 29 39 | P54 SOB2/KR4/RTP04/DCK™* /O u-8

26 30 40 |P55 SCKB2/KR5/RTP05/DMS™* I/0 U-9

Note The DDI, DDO, DCK, and DMS pins are used for on-chip debugging.

Cautions 1.

When the power is turned on, the P53 pin may output an undefined level temporarily even during

reset.

The P50 to P55 pins have hysteresis characteristics in the input mode of the alternate function,
but do not have hysteresis characteristics in the port mode.

Remark JCS3L (40): VB50ES/JC3-L (40-pin products)
JC3L (48): VB50ES/JC3-L (48-pin products)
JE3L

(1) Port 5 register (P5)

: VB50ES/JES-L

After reset: 00H (output latch) R/W Address: FFFFF40AH

7 6 5 4 3 2 1 0

o | o | pss | psa | Pss | P2 | Pst | pPso |
P5n Output data control (in output mode) (n = 0 to 5)

0 Outputs 0

1 Outputs 1
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(2) Port 5 mode register (PM5)

After reset: FFH R/W Address: FFFFF42AH
7 6 5 4 3 2 1 0
Pms | 1 1 | PMs5s | PMs4 | PMs3 | PM52 | PMsi | PMs0 |
PM5n 1/0 mode control (n = 0 to 5)
0 Output mode

Input mode

(3) Port 5 mode control register (PMC5)

After reset: 00H

R/W Address: FFFFF44AH

6 5 4 3 2 1 0

PMcs | 0

0 | Pmcss | PMcs4 | PMCs3 | PMC52 | PMC51 | PMCSO |

Specification of pin operation

I/O port (P55)

SCKB2 I/0/KR5 input/RTPO5 output

Specification of pin operation

I/O port (P54)

SOB2 output/KR4 input/RTP04 output

Specification of pin operation

/0 port (P53)

SIB2 input/KR3 input/TIQ00 input/TOQO0 output/RTPO3 output

Specification of pin operation

I/O port (P52)

TIQO3 input/KR2 input/TOQO3 output/RTPO2 output

Specification of pin operation

I/O port (P51)

TIQO2 input/KR1 input/TOQO2 output/RTPO1 output

Specification of pin operation

I/O port (P50)

TIQO01 input/KRO input/TOQO1 output/RTPOO output
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(4) Port 5 function control register (PFC5)

After reset: 00H R/W  Address: FFFFF46AH

7 6 5 4 3 2 1 0
PFcs | o | o | PFcss | PFCsa | PFCs3 | PFCs2 | PFCs1 | PFCsO |

Remark For details of alternate function specification, see 4.3.5 (6) Port 5 alternate function
specifications.

(5) Port 5 function control expansion register (PFCES5)

After reset: 00H R/W Address: FFFFF70AH

7 6 5 4 3 2 1 0
PFCEs | o | o | PFCESs|PFCES4 | PFCES3| PFCES2 | PFCES1 | PFCESO |

Remark For details of alternate function specification, see 4.3.5 (6) Port 5 alternate function
specifications.

(6) Port 5 alternate function specifications

PFCES55 PFC55 Specification of P55 pin alternate function
0 0 SCKB2 I/0
0 1 KR5 input
1 0 Setting prohibited
1 1 RTPO5 output

PFCE54 PFC54 Specification of P54 pin alternate function
0 0 SOB2 output
0 1 KR4 input
1 0 Setting prohibited
1 1 RTPO04 output

PFCES53 PFC53 Specification of P53 pin alternate function
0 0 SIB2 input
0 1 TIQOO input/KR3"* input
1 0 TOQOO output
1 1 RTPO3 output
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PFCE52 PFC52 Specification of P52 pin alternate function
0 0 Setting prohibited
0 1 TIQO3 input/KR2"* input
1 0 TOQO3 input
1 1 RTPO2 output
PFCES51 PFC51 Specification of P51 pin alternate function
0 0 Setting prohibited
0 1 TIQO2 input/KR1"* input
1 0 TOQO2 output
1 1 RTPO1 output
PFCES50 PFC50 Specification of P50 pin alternate function
0 0 Setting prohibited
0 1 TIQO1 input/KRO"" input
1 0 TOQO1 output
1 1 RTPOO output

Note KRn and TIQOm are alternate functions. When using the pin for TIQOm, disable key return detection for
KRn (clear the KRM.KRMn bit to 0). When using the pin for KRn, disable edge detection for TIQOm (n = 0

to3,m=01%03).

Alternate Function Name

Use as TIQOm Function

Use as KRn Function

KRO/TIQO1

KRM.KRMO bit = 0

TQOIOC1. TQOTIG2, TQOIOC1. TQOTIG3 bits = 0

KR1/TIQ02

KRM.KRM1 bit = 0

TQOIOC1.TQOTIG4, TQOIOC1.TQOTIGS bits =0

KR2/TIQ03

KRM.KRM2 bit = 0

TQOIOC1.TQOTIG6, TQOIOC1.TQOTIG7 bits =0

KR3/TIQ00

KRM.KRMS3 bit = 0

TQOIOC1.TQOTIGO, TQOIOC1.TQOTIG1 bits =0
TQOIOC2.TQOEESO, TQOIOC2.TQOEES1 bits =0
TQOIOC2.TQOETSO0, TQOIOC2.TQOETS1 bits =0
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(7) Port 5 function register (PF5)

After reset: O0H

R/W Address: FFFFFC6AH

6 5 4 3 2 1 0
PF5 [ o 0O | PFss | PFs4 | PFs3 | PF52 | PF51 | PF50 |
PF5n | Specification of normal output (CMOS output) or N-ch open-drain output (n = 0 to 5)
0 Normal output (CMOS output)

N-ch open-drain output

Cautions 1. When an output pin is pulled up to EVob or higher, be sure to set the PF5n bit to 1.

2. Bits 6 and 7 of the PF5 register must always be set to 0.
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43.6 Port7
Port 7 is a 10-bit port (V850ES/JE3-L) or a 6-bit port (VB50ES/JC3-L (48-pin)), a 5-bit port (V850ES/JC3-L (40-pin)) for
which /O settings can be controlled in 1-bit units.
Port 7 includes the following alternate-function pins.

Table 4-13. Port 7 Alternate-Function Pins

Pin No. Function Alternate Function Remark Block Type
JeaL | JcsL | JesL | Name Name 1o}
(40) (48)
40 48 64 P70 ANIO Input - A-1
39 47 63 P71 ANN Input A-1
38 46 62 P72 ANI2 Input A-1
37 45 61 P73 ANI3 Input A-1
36 44 60 P74 ANI4 Input A-1
- 43 59 P75 ANI5 Input A-1
- - 58 P76 ANI6 Input A-1
- - 57 P77 ANI7 Input A-1
- - 56 P78 ANI8 Input A-1
- - 55 P79 ANI9 Input A-1

Remark JC3L (40): VB50ES/JC3-L (40-pin products)
JC3L (48): VB50ES/JC3-L (48-pin products)
JE3L

: VB850ES/JES3-L
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(1) Port 7 register H, port 7 register L (P7H, P7L)

(a) V850ES/JC3-L (40-pin)
After reset: 00H (output latch) R/W Address: FFFFF40EH

7 6 5 4 3 2 1 0
Pt | o | o | o | P | P3| P2 | Pr1 | Pro |
P7n Output data control (in output mode) (n = 0 to 4)
0 Outputs 0
1 Outputs 1

(b) V850ES/JC3-L (48-pin)
After reset: 00H (output latch) R/W Address: FFFFF40EH

6 5 4 3 2 1 0
Pt | o | o | ps | Pra | P3| P2 | Pt | Pro |
P7n Output data control (in output mode) (n = 0 to 5)
0 Outputs 0
1 Outputs 1

(c) VB50ES/JE3-L
After reset: 00H (output latch) R/W Address: P7L FFFFF40EH, P7H FFFFF40FH

pH | o | o | o | o [ o | o | pro | P |
7 6 5 4 3 2 1 0
pre | Pz | pre | prs | Pra | P73 | pr2 | P | Pro |
P7n QOutput data control (in output mode) (n = 0 to 9)
0 Outputs 0
1 Outputs 1

Caution Do not read or write the P7H and P7L registers during A/D conversion (see 13.6 (4)
Alternate 1/0).

Remark These registers cannot be accessed in 16-bit units as the P7 register. They can be read or
written in 8-bit or 1-bit units as the P7H and P7L registers.
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(2) Port 7 mode register H, port 7 mode register L (PM7H, PM7L)

(a) V850ES/JC3-L (40-pin)

After reset: FFH R/W Address: FFFFF42EH

7 6 5 4 3 2 1 0

1 | Pm7a | PM73 | PM72 | PM71 | PM7O0 |

ML | 1 | 1|

PM7n I/0 mode control (n = 0 to 4)

0 Output mode

1 Input mode

(b) VB50ES/JC3-L (48-pin)
After reset: FFH R/W

7 6 5 4 3

| Pm75 | PM74 | PM73 | PM72 | PM71 | PM7O |

Address: FFFFF42EH
2 1 0

PM7L [ 1 |

I/0 mode control (n = 0 to 5)

0 Output mode

1 Input mode

(c) V850ES/JE3-L

After reset: FFH R/W Address: PM7L FFFFF42EH, PM7H FFFFF42FH

0

7 6 5 4 3 2 1
i |1 | 1 | 1 ] 1 ] 1 | 1 | pmre | pumrs |
7 6 5 4 3 2 1 0

PM7L | Pm77 | Pm7e | Pm7s | Pm7a | Pm7a | Pmz2 | P71 | Pm7o |

PM7n 1/0 mode control (n =0 to 9)

0 Output mode

1 Input mode

Caution When using the P7n pin as its alternate function (ANIn pin), set the PM7n bit to 1

Remark These registers cannot be accessed in 16-bit units as the PM7 register. They can be read or
written in 8-bit or 1-bit units as the PM7H and PM7L registers.
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4.3.7 Port9
Port 9 is a 15-bit port (V850ES/JE3-L) or a 6-bit port (VB50ES/JC3-L (48-pin)), a 5-bit port (VB50ES/JC3-L (40-pin)) for
which /O settings can be controlled in 1-bit units.
Port 9 includes the following alternate-function pins.

Table 4-14. Port 9 Alternate-Function Pins

Pin No. Function Alternate Function Remark Block Type
JcaL | JcaL | JesL | Name Name 1o)
(40) (48)
19 23 31 P90 KR6/TXDA1/SDA02 1/0 Selectable as N-ch open- U-18
20 24 32 | Poi KR7/RXDA1/SCLO02 110 drain output U-19
- - 33 | P92 TIP41/TOP41 I/0 U-20
- - 34 | P93 TIP40/TOP40 /0 U-20
- - 21 | P94 TIP31/TOP31 I/0 U-20
13 15 22 | P96 TIP21/TOP21 I/0 U-21
| - | 38 | so_ |pev  |siBtmPeoTOP20  |UO | v
32 - - TIP20/TOP20 /0 U-23
- 39 51 | P98 SOB1 Output G-14
- 36 48 | P99 SCKB1 /0 G-15
- - 16 | P910 SIB3 /0 G-16
- - 15 | PO11 SOB3 Output G-14
- - 14 | P912 SCKB3 I/0 G-15
- - 13 | P913 INTP4 I/0 N-5
33 40 52 | P914 INTP5/TIP51/TOP51 I/0 U-24
34 41 53 | P915 INTP6/TIP50/TOP50 /0 U-24

Caution The P90 to P94, P97, P99, P910, and P912 to P915 pins have hysteresis characteristics in the input
mode of the alternate-function pin, but do not have hysteresis characteristics in the port mode.

Remark JCS3L (40): VB50ES/JC3-L (40-pin products)
JC3L (48): VB50ES/JC3-L (48-pin products)

JE3L

: VB50ES/JES3-L
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(1) Port 9 register (P9)

(a) VB50ES/JC3-L (40-pin)
After reset: 0000H (output latch) R/W Address: P9 FFFFF412H,
PIL FFFFF412H, POH FFFFF413H

15 14 13 12 1 10 9 8
PoPoH) | Pots | Pota | o | o | o | o | o | o |
7 6 5 4 3 2 ! 0
Poy) [ pPo7 | Pos | o 0 0 o | pot | Poo |
P9n Output data control (in output mode) (n=0, 1, 6, 7, 14, 15)
0 Outputs 0
1 Outputs 1

(b) VB50ES/JC3-L (48-pin)
After reset: 0000H (output latch) R/W Address: P9 FFFFF412H,
PIL FFFFF412H, P9H FFFFF413H

15 14 13 12 11 10 9 8
PO(PoH) | Pots | Pot4 | o | o | o | o | P | Pos |
7 6 5 4 3 2 1 0
Por) | Poz | Pess | o | o | o | o | pot | Poo |
P9n QOutput data control (in output mode) (n=0,1,61t0 9, 14, 15)
0 Outputs 0
1 Outputs 1

(c) VB50ES/JE3-L
After reset: 0000H (output latch) R/W Address: P9 FFFFF412H,
PIL FFFFF412H, PO9H FFFFF413H

15 14 13 12 1 10 9 8
Po(PoH) | Pots | Pota | Pota | pot2 | Pott | Peto | Pog | Pos |
7 6 5 4 3 2 ! 0
Por) [ Po7 | Pos | o | Poa | Po3 | Po2 | Pot | pPoo |
P9n Output data control (in output mode) (n =0 to 4, 6 to 15)

0 Outputs 0

1 Outputs 1

Remarks 1. The P9 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the P9 register as the P9H register and the lower 8
bits as the PIL register, P9 can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the P9 register in 8-bit or 1-bit units, specify them as bits 0 to 7 of
the P9H register.

RO1UH0018EJ0200 Rev.2.00 Page 125 of 969
Mar 25, 2014 RENESANAS



V850ES/JC3-L, VB50ES/JE3-L CHAPTER 4 PORT FUNCTIONS

(2) Port 9 mode register (PM9)

(a) VB50ES/JC3-L (40-pin)
After reset: FFFFH R/W Address: PM9 FFFFF432H,
PM9L FFFFF432H, PM9H FFFFF433H

15 14 13 12 11 10 9 8
PMO (PMoH) [ Pmots | Pmota | 1 [ 1 | 1 | 1 | 1 | 1 |
7 6 5 4 3 2 1 0
PmoL) | Pmoz | Pmes | 1 | 1 | 1 | 1 | pver | pmoeo |
PM9n 1/0 mode control (n=0, 1, 6, 7, 14, 15)

0 Output mode

1 Input mode

(b) V850ES/JC3-L (48-pin)
After reset: FFFFH R/W Address: PM9 FFFFF432H,
PM9L FFFFF432H, PM9H FFFFF433H

15 14 13 12 1 10 9 8
PMO (PMoH) | Pmots | Pmota | 1 | 1 | 1 | 1 | Pmoo | Pmos |
7 6 5 4 3 2 ! 0
PmoL) | Pmoz | Pmes | 1 | 1 | 1 | 1 | pvmer | pmoeo |
PM9n 1/0 mode control (n=0, 1,6 t0 9, 14, 15)

0 Output mode

1 Input mode

(c) VB50ES/JE3-L
After reset: FFFFH R/W Address: PM9 FFFFF432H,
PM9L FFFFF432H, PM9H FFFFF433H

15 14 13 12 1 10 9 8
PM9 (PMoH) | PMo15 | PM914 | PMo13 | PMo12 | PMo11 | PM9t0 | PM99 | PMog |

7 6 5 4 3 2 ! 0
(PMoL) | PMo7 | PM96 | 1 | PMo4 | PMm93 | Pmo2 | Pmo1 | Pmoo |
PM9n I/0O mode control (n=0to 4, 6 to 15)

0 Output mode

1 Input mode

Remarks 1. The PM9 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PM9 register as the PM9H register and the
lower 8 bits as the PMIL register, PM9 can be read or written in 8-bit and 1-bit units.
2. To read/write bits 8 to 15 of the PM9 register in 8-bit or 1-bit units, specify them as bits 0 to 7
of the PM9H register.
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(3) Port 9 mode control register (PMC9)

(1/4)

(a) VB50ES/JC3-L (40-pin)
After reset: 0000H

R/W Address: PMC9 FFFFF452H,

PMCOL FFFFF452H, PMC9H FFFFF453H

15 14 13 12 11 10 9 8
PMC9 (PMC9H) | PMCo15| PMCo14| 0 0 0 0 0 o |
7 6 5 4 3 2 1 0
(PmcoL) | pmcoz | PMces | o | o | o | o |Pmcet | PMCo0 |
PMC915 Specification of pin operation
0 I/O port (P915)
1 INTP6 input/TIP50 input/TOP50 output
PMC914 Specification of pin operation
0 1/0 port (P914)
1 INTP5 input/TIP51 input/TOP51 output
PMC97 Specification of pin operation
0 I/0 port (P97)
1 TIP20 input/TOP20 output
PMC96 Specification of pin operation
0 I/O port (P96)
1 TIP21 input/TOP21 output
PMC91 Specification of pin operation
0 I/O port (P91)
1 KR7 input/RXDA1 input/SCLO2 I/O
PMC90 Specification of pin operation
0 I/0 port (P90)
1 KR®6 input/TXDA1 output/SDA02 I/O
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(2/4)
(b) VB50ES/JC3-L (48-pin)
After reset: 0000H R/W Address: PMC9 FFFFF452H,
PMCOL FFFFF452H, PMC9H FFFFF453H
15 14 13 12 11 10 9 8
PMC9 (PMCoH) [ PMcots|PMcota| o | o | o | o | Pmcoe | Pmces |
7 6 5 4 3 2 1 0
(PMc9L) | Pmco7 | PmMces | o | o | o | o |[Pmcer | Pmcoo |
PMC915 Specification of pin operation
0 I/0 port (P915)
1 INTP6 input/TIP50 input/TOP50 output
PMC914 Specification of pin operation
0 1/0 port (P914)
1 INTP5 input/TIP51 input/TOP51 output
PMC99 Specification of pin operation
0 1/0 port (P99)
1 SCKB1 I/0
PMC98 Specification of pin operation
0 I/O port (P98)
1 SOB1 output
PMC97 Specification of pin operation
0 I/O port (P97)
1 SIB1 input/TIP20 input/TOP20 output
PMC96 Specification of pin operation
0 I/O port (P96)
1 TIP21 input/TOP21 output
PMC91 Specification of pin operation
0 I/O port (P91)
1 KR?7 input/RXDA1 input/SCLO2 I/O
PMC90 Specification of pin operation
0 I/O port (P90)
1 KR6 input/TXDA1 output/SDA02 I/O
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(3/4)

(c) VB50ES/JE3-L (1/2)
After reset: 0000H

15

R/W Address: PMC9 FFFFF452H,

14 13

PMCOL FFFFF452H, PMC9H FFFFF453H

12 11 10

PMC9 (PMCSH) [ PMC915| PMCo14 | PMC913| PMC912 | PMCo11 | PMCo10 | PMCo9 | PumCes |

7

6 5

4 3 2

(PMC9L) | PMCo7 | PMCos | 0

| PMCo4 | PMCo3 | PMCe2 | PMCo1 | PMCoD |

PMC915 Specification of pin operation
0 I/0 port (P915)
1 INTP6 input/TIP50 input/TOP50 output

PMC914 Specification of pin operation
0 1/0 port (P914)
1 INTP5 input/TIP51 input/TOP51 output

PMC913 Specification of pin operation
0 1/0 port (P913)
1 INTP4 input

PMC912 Specification of pin operation
0 1/0 port (P912)
1 SCKB3 I/0

PMC911 Specification of pin operation
0 1/0 port (P911)
1 SOB3 output

PMC910 Specification of pin operation
0 1/0 port (P910)
1 SIB3 input

PMC99 Specification of pin operation
0 1/0 port (P99)
1 SCKB1 I/0

PMC98 Specification of pin operation
0 1/0 port (P98)

SOB1 output
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(4/4)

(c) V850ES/JE3-L (2/2)

PMC97

Specification of pin operation

1/O port (P97)

SIB1 input/TIP20 input/TOP20 output

Specification of pin operation

/0 port (P96)

TIP21 input/TOP21 output

Specification of pin operation

I/O port (P94)

TIP31 input/TOP31 output

Specification of pin operation

1/0 port (P93)

TIP40 input/TOP40 output

Specification of pin operation

1/0 port (P92)

TIP41 input/TOP41 output

Specification of pin operation

1/O port (P91)

KR?7 input/RXDA1 input/SCLO2 I/O

Specification of pin operation

/0 port (P90)

KR6 input/TXDA1 output/SDAO02 I/O

Remarks 1. The PMCO register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PMC9 register as the PMC9H register and the
lower 8 bits as the PMCOL register, PMC9 can be read or written in 8-bit or 1-bit units.

2. To read/write bits 8 to 15 of the PMC9 register in 8-bit or 1-bit units, specify them as bits 0 to
7 of the PMC9H register.
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(4) Port 9 function control register (PFC9)

Caution When performing separate address bus output (A0 to A15), set the PMC9 register to FFFFH for all
16 bits at once after clearing the PFC9 and PFCE?9 registers to 0000H.

(a) V850ES/JC3-L (40-pin)

After reset: 0000H R/W Address: PFC9 FFFFF472H,
PFCOL FFFFF472H, PFCO9H FFFFF473H

15 14 13 12 11 10 9 8

PFCO (PFCOH) | PFCots|PFcot4| o | o | o | o | o | o |
7 6 5 4 3 2 1 0
(PFCoL) [ PFco7 | PFces | o | o | o | o | PFcot | PFCoo |

(b) V850ES/JC3-L (48-pin)

After reset: 0000H R/W Address: PFC9 FFFFF472H,
PFCIOL FFFFF472H, PFC9H FFFFF473H

15 14 13 12 11 10 9 8

PFCY (PFCOH) | PFCo15| PFCO14| 0 0 0 o | PFcog | PFces |
7 6 5 4 3 2 i 0
(PFcoL) | PFco7 [ PFcos | o | o | o | o | PFcot | PFCoo |

(c) VB50ES/JE3-L
After reset: 0000H ~ R/W  Address: PFC9 FFFFF472H,
PFCOL FFFFF472H, PFC9H FFFFF473H

15 14 13 12 11 10 9 8
PFCY (PFCH) | PFC915| PFCO14 | PFCO13| PFC912 | PFCO11 | PFCO10 | PFCO9 | PFCO8 |

7 6 5 4 3 2 1 0
(PFCoL) | PFco7 | PFCos | 0 | PFCo4 | PFCes | PFCo2 | PFCO1 | PFCOO |

Remarks 1. For details of alternate function specification, see 4.3.7 (6) Port 9 alternate function
specifications.
2. The PFC9 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PFC9 register as the PFC9H register and the
lower 8 bits as the PFCIL register, PFC9 can be read or written in 8-bit or 1-bit units.
3. To read/write bits 8 to 15 of the PFC9 register in 8-bit or 1-bit units, specify them as bits 0 to 7
of the PFC9H register.
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(5) Port 9 function control expansion register (PFCE9)

Caution When performing separate address bus output (A0 to A15), set the PMC9 register to FFFFH for all
16 bits at once after clearing the PFC9 and PFCE?9 registers to 0000H.

(a) V850ES/JC3-L (40-pin), V850ES/JC3-L (48-pin)

After reset: 0000H ~ R/W  Address: PFCE9 FFFFF712H,
PFCE9L FFFFF712H, PFCE9H FFFFF713H

15 14 13 12 11 10 9 8

PFCE9 (PFCESH) |PFCE915|PFCEQ14 o | o | o | o | o | o |
7 6 5 4 3 2 1 0

(PFCESL) | PFCE97|PFCE®S| o | o | o | o |PFcE9t | PFCED |

(b) V850ES/JE3-L

After reset: 0000H ~ R/W  Address: PFCE9 FFFFF712H,
PFCE9L FFFFF712H, PFCE9H FFFFF713H

15 14 13 12 11 10 9 8
PFCE9 (PFCESH) |PFCE915|PFCEQ14 o | o | o | o | o | o |
7 6 5 4 3 2 1 0

(PFCESL) | PFCE97| PFCE9s| 0 | PFCE94 | PFCE93 | PFCE92 | PFCE91 | PFCEO |

Remarks 1. For details of alternate function specification, see 4.3.7 (6) Port 9 alternate function
specifications.
2. The PFCED9 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PFCE9 register as the PFCE9H register and the
lower 8 bits as the PFCEIL register, PFCE9 can be read or written in 8-bit or 1-bit units.
3. To read/write bits 8 to 15 of the PFCE9 register in 8-bit or 1-bit units, specify them as bits 0 to
7 of the PFCE9H register.
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(6) Port 9 alternate function specifications

PFCE915 PFC915 Specification of P915 pin alternate function
0 0 Setting prohibited
0 1 INTP6 input
1 0 TIP50 input
1 1 TOP50 output
PFCE914 PFC914 Specification of P914 pin alternate function
0 0 Setting prohibited
0 1 INTPS5 input
1 0 TIP51 input
1 1 TOP51 output
PFC913"* Specification of P913 pin alternate function
0 Setting prohibited
1 INTP4 input
PFC912"* Specification of P912 pin alternate function
0 Setting prohibited
1 SCKB3 I/0
PFC911 ™™ Specification of P911 pin alternate function
0 Setting prohibited
1 SOB3 output
PFC910™* Specification of P910 pin alternate function
0 Setting prohibited
1 SIB3 input
PFC99 " Specification of P99 pin alternate function
0 Setting prohibited
1 SCKB1 110
PFC98 ™" Specification of P98 pin alternate function
0 Setting prohibited
1 SOB1 output
PFCE97 PFC97 Specification of P97 pin alternate function
0 Setting prohibited
0 1 SIB1 input™**
1 0 TIP20 input
1 1 TOP20 output

Notes 1. V850ES/JE3-L only

2. VB850ES/JC3-L (48-pin), VB50ES/JES-L only
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PFCE96 PFC96 Specification of P96 pin alternate function
0 0 Setting prohibited
0 1 Setting prohibited
1 0 TIP21 input
1 1 TOP21 output
PFCE94 "' PFC94 " Specification of P94 pin alternate function
0 0 Setting prohibited
0 1 TIP31 input
1 0 TOP31 output
1 1 Setting prohibited
PFCE93"* PFC93""' Specification of P93 pin alternate function
0 0 Setting prohibited
0 1 TIP40 input
1 0 TOP40 output
1 1 Setting prohibited
PFCEQ2"*' PFC92"* Specification of P92 pin alternate function
0 0 Setting prohibited
0 1 TIP41 input
1 0 TOP41 output
1 1 Setting prohibited
PFCE91 PFC91 Specification of P91 pin alternate function
0 0 Setting prohibited
0 1 KR?7 input
1 0 RXDA1 input/KR7 input"“'*
1 1 SCL02 I/O
PFCE90 PFC90 Specification of P90 pin alternate function
0 0 Setting prohibited
0 1 KR6 input
1 0 TXDA1 output
1 1 SDAO02 I/0
Notes1. V850ES/JES3-L only

2. The RXDA1 and KR?7 functions cannot be used at the same time. When using the pin for RXDA1, do

not use the KR7 function.

recommended to set the PFC91 bit to 1 and clear the PFCE91 bit to 0.)

When using the pin for KR7, do not use the RXDA1 function. (It is
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(7) Port 9 function register (PF9)

(a) V850ES/JC3-L (40-pin)

After reset: 0000H RW Address: PF9 FFFFFC72H,

PFOL FFFFFC72H, PF9H FFFFFC73H

15 14 13 12 11 10 9 8

PFO(PFOH) [ PFots [ PFeta | o | o | o | o | o | o |
7 6 5 4 3 2 1 0

PFoL) | PFo7 | PFos | o | o | o | o | pFor | pFoo |

PF9n | Specification of normal output (CMOS output) or N-ch open-drain output (N =0, 1, 6, 7, 14, 15)

0 Normal output (CMOS output)

1 N-ch open-drain output

(b) V850ES/JC3-L (48-pin)

After reset: 0000H R/W Address: PF9 FFFFFC72H,
PFIL FFFFFC72H, PFOH FFFFFC73H
15 14 13 12 11 10 9 8
PFO(PFOH) | PFot5 | PFot4 | o | o | o o | Proo | PFos |
7 6 5 4 3 2 1 0
ProL) | Pro7 | PFs | o | o | o [ o | Pre1 | proo |
PF9n | Specification of normal output (CMOS output) or N-ch open-drain output (n=0, 1,6 t0 9, 14, 15)
0 Normal output (CMOS output)
1 N-ch open-drain output

(c) V850ES/JE3-L

After reset: 0000H RW Address: PF9 FFFFFC72H,

PFOL FFFFFC72H, PF9H FFFFFC73H

15 14 13 12 11 10 9 8
PF9 (PFOH) | PFots | PFo14 | PFo13 | PFot2 | PFo11 | PFot0 | PFog | PFog |
7 6 5 4 3 2 1 0

(PFoL) | PFo7 | PFos | o | PFo4 | PFo3 | PFo2 | PFo1 | PFoo |

PF9n | Specification of normal output (CMOS output) or N-ch open-drain output (n = 0 to 4, 6 to15)

0 Normal output (CMOS output)

1 N-ch open-drain output
When output pins P90 to P96 are pulled up to EVop or higher, be sure to set the PF9n bit to 1.
Pull up output pins P97 to P915 to the same potential as EVob, even when they are used as N-

Caution

ch open-drain output pins.
Remarks 1. The PF9 register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PF9 register as the PF9H register and the lower 8
bits as the PFIL register, PF9 can be read or written in 8-bit or 1-bit units.
2. To read/write bits 8 to 15 of the PF9 register in 8-bit or 1-bit units, specify them as bits 0 to 7 of

the PF9H register.
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4.3.8 PortCM
Port CM is a 1-bit port for which I/O settings can be controlled in 1-bit units.

Port CM includes the following alternate-function pins.

Table 4-15. Port CM Alternate-Function Pins

Pin No. Function Alternate Function Remark Block Type
JcaL | JeaL | JesL | Name Name 110
(40) (48)
35 42 54 PCMO - - - C-1
Remark JC3L (40): VB50ES/JC3-L (40-pin products)
JC3L (48): V850ES/JC3-L (48-pin products)
JE3L :V850ES/JE3-L
(1) Port CM register (PCM)
After reset: 00H (output latch) R/W Address: FFFFFOOCH
7 6 4 3 2 1 0
peM | o o | o | o | o | o | o | pcmo|
PCMO Output data control (in output mode)
0 Outputs 0
1 Outputs 1
(2) Port CM mode register (PMCM)
After reset: FFH R/W Address: FFFFF02CH
7 6 4 3 2 1 0
Pmcm | 1 1 1 1 1 1 | Pmcwmo |
PMCMO 1/0 mode control

Output mode

Input mode
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4.3.9 PortDL
Port DL is a 1-bit port for which I/O settings can be controlled in 1-bit units.

Table 4-14. Port DL Alternate-Function Pins

Pin No. Function Alternate Function Remark Block Type
JeaL | JosL | JesL | Name Name 110
(40) (48)
31 37 49 PDL5 FLMD1""* Input - C-1

Note Since this pin is set in the flash memory programming mode, it does not need to be manipulated by using the port
control register. For details, see CHAPTER 28 FLASH MEMORY.

Remark JC3L (40): VB50ES/JCS3-L (40-pin products)
JC3L (48): VB50ES/JC3-L (48-pin products)
JE3L : VB50ES/JES-L
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(1) Port DL register (PDL)

After reset: 0000H (output latch) R/W Address: PDL FFFFF004H, PDLL FFFFF004H

15 14 13 12 11 10
oL | o | o | o | o | o | o | o | o |
6 5 4 3 2 ! 0
®oty) | o | o [ eos| o | o | o | o | o |
PDL5 Output data control (in output mode)

0 Outputs 0

1 Outputs 1

Remark The PDL register can be read or written in 16-bit units.
However, when using the lower 8 bits as the PDLL register, PDL can be read or written in 8-
bit or 1-bit units.

(2) Port DL mode register (PMDL)

After reset: FFFFH R/W Address: PMDL FFFFF024H, PMDLL FFFFF024H

15 14 13 12 1 10 9 8
oL | 1 | o0 | o0 ] o o o ] ]
7 6 5 4 3 2 1 0
evoLyy | 1 | 1 [ewos| 1 [ 4 ] 0 ] 0 |1 |
PMDL5 1/0 mode control

0 Qutput mode

1 Input mode

Remark The PMDL register can be read or written in 16-bit units.
However, when using the lower 8 bits as the PMDLL register, PMDL can be read or written
in 8-bit or 1-bit units.
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4.4 Block Diagrams

Figure 4-5. Block Diagram of Type A-1
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Figure 4-6. Block Diagram of Type A-2
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Figure 4-7. Block Diagram of Type C-1
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Figure 4-8. Block Diagram of Type E-3
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Figure 4-9. Block Diagram of Type G-1
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V850ES/JC3-L, VB50ES/JE3-L CHAPTER 4 PORT FUNCTIONS

Figure 4-10. Block Diagram of Type G-3
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Figure 4-11. Block Diagram of Type G-6
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CHAPTER 4 PORT FUNCTIONS

Figure 4-12. Block Diagram of Type G-12
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Figure 4-13. Block Diagram of Type G-13

Y
WRer
PFmn
WRemc
PMCmn
WRem
g PMmn
©
c
(0]
=
Output signal EVop
when alternate
function is used L
2 —
WReporT % :)Q—I P-ch
(%}
»—O Pmn
Pmn
» EVss
S
3
[&]
2
T ) e
Address T
RD

R0O1UHO018EJ0200 Rev.2.00 Page 147 of 969

Mar 25, 2014 RENESAS
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Figure 4-14. Block Diagram of Type G-14
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Figure 4-15. Block Diagram of Type G-15
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Figure 4-16. Block Diagram of Type G-16
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Figure 4-17. Block Diagram of Type L-1
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CHAPTER 4 PORT FUNCTIONS

Figure 4-18. Block Diagram of Type N-2
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Figure 4-19. Block Diagram of Type N-3
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2. There are no hysteresis characteristics in port mode.
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Figure 4-20. Block Diagram of Type N-4
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CHAPTER 4 PORT FUNCTIONS

Figure 4-21. Block Diagram of Type N-5
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Figure 4-22. Block Diagram of Type U-1
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CHAPTER 4 PORT FUNCTIONS

Figure 4-23. Block Diagram of Type U-5
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Figure 4-24. Block Diagram of Type U-6
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Figure 4-25. Block Diagram of Type U-7
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Figure 4-26. Block Diagram of Type U-8
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CHAPTER 4 PORT FUNCTIONS

Figure 4-27. Block Diagram of Type U-9
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Figure 4-28. Block Diagram of Type U-15
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Figure 4-29. Block Diagram of Type U-18
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CHAPTER 4 PORT FUNCTIONS

Figure 4-30. Block Diagram of Type U-19
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Figure 4-31. Block Diagram of Type U-20

WRee
PFmn
WReprce
PFCEmn
WRperc
PFCmn ,‘
WRemc
2
3
Ne)
T PMCmn
c
2
£ | WRem
PMmn ]
Output s?gne_ll when 5 EVoo
alternate function is used 5
[0}
©
n

Selector

WRPpoRT :)Q—l P-ch
»—O Pmn
Pmn

EVss

Selector

Address
Note

r

\

\

|
Selector

Input signal when
RD  alternate function is used

Note There are no hysteresis characteristics in port mode.

Page 165 of 969

RO1UHO018EJ0200 Rev.2.00
Mar 25, 2014 RENESANAS



V850ES/JC3-L, VB50ES/JES3-L

CHAPTER 4 PORT FUNCTIONS

Figure 4-32. Block Diagram of Type U-21
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Figure 4-33. Block Diagram of Type U-22
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Figure 4-34. Block Diagram of Type U-23
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Figure 4-35. Block Diagram of Type U-24
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2. There are no hysteresis characteristics in port mode.
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Figure 4-36. Block Diagram of Type AA-1
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2. There are no hysteresis characteristics in port mode.
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4.5 Port Register Settings When Alternate Function Is Used

Table 4-17 shows the port register settings when each port pin is used for an alternate function. When using a port pin
as an alternate-function pin, refer to the description of each pin.
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Table 4-17. Settings When Pins Are Used for Alternate Functions (1/5)

Function Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnX Bit of PFCnx Bit of Other Bits
Name Name /o Pn Register PMn Register PMCn Register PFCEN Register PFCn Register (Registers)
P02 NMI Input P02 = Setting not required | PM02 = Setting not required | PMCO02 = 1 - -
P03 INTPO Input P03 = Setting not required | PM03 = Setting not required | PMCO03 = 1 PFCE03 =0 PFC03 =0
ADTRG Input P03 = Setting not required | PM03 = Setting not required | PMC03 = 1 PFCEO03 = 0 PFCO3 = 1
RTC1HZ Input P03 = Setting not required | PM03 = Setting not required | PMCO3 = 1 PFCEO03 = 1 PFCO3 = 1
P04 INTP1 Input P04 = Setting not required | PM04 = Setting not required | PMCO04 = 1 PFCEO04 =0 PFCO04 = 0
RTCDIV Output P04 = Setting not required | PM04 = Setting not required | PMC04 = 1 PECEO4 =0 PFC04 = 1
RTCCL Output P04 = Setting not required | PM04 = Setting not required | PMC04 = 1 PFCEO04 = 1 PFC04 =0
P05 INTP2 Input P05 = Setting not required | PM05 = Setting not required | PMCO05 = 1 - -
DRST Input P05 = Setting not required | PM05 = Setting not required | PMCO5 = Setting not required - - OCDMO (OCDM) =1
P06 INTP3 Input P06 = Setting not required | PM06 = Setting not required | PMCO06 = 1 - -
P10 ANOO Output P10 = Setting not required | PM10 = 1 - - -
P30 TXDAO Output P30 = Setting not required | PM30 = Setting not required | PMC30 = 1 - PFC30 =0
SOB4 Output P30 = Setting not required | PM30 = Setting not required | PMC30 = 1 - PFC30 = 1
P31 RXDAO Input P31 = Setting not required | PM31 = Setting not required | PMC31 = 1 - Note, PFC31 =0
INTP7 Input P31 = Setting not required | PM31 = Setting not required | PMC31 = 1 - Note, PFC31 =0
SiB4 Input P31 = Setting not required | PM31 = Setting not required | PMC31 = 1 - PFC31 =1
P32 ASCKAO0 Input P32 = Setting not required | PM32 = Setting not required | PMC32 = 1 PFCE32 =0 PFC32 =0
SCKB4 110 P32 = Setting not required | PM32 = Setting not required | PMC32 = 1 PFCE32 =0 PFC32 =1
TIPOO Input P32 = Setting not required | PM32 = Setting not required | PMC32 = 1 PFCE32 = 1 PFC32 =0
TOPOO Output P32 = Setting not required | PM32 = Setting not required | PMC32 = 1 PFCE32 = 1 PFC32 =1
P33 TIPO1 Input P33 = Setting not required | PM33 = Setting not required | PMC33 = 1 - PFC33=0
TOPO1 Output P33 = Setting not required | PM33 = Setting not required | PMC33 = 1 - PFC33 =1
P34 TIP10 Input P34 = Setting not required | PM34 = Setting not required | PMC34 = 1 - PFC34 =0
TOP10 Output P34 = Setting not required | PM34 = Setting not required | PMC34 = 1 - PFC34 = 1
P35 TIP11 Input P35 = Setting not required | PM35 = Setting not required | PMC35 = 1 - PFC35 =0
TOP11 Output P35 = Setting not required | PM35 = Setting not required | PMC35 = 1 - PFC35 = 1

Note INTP7 and RXDAO are

alternate functions.

When using the pin for RXDAO, disable edge detection for INTP7 (clear the INTF3.INTF31 bit and

the INTR3.INTR31 bit to 0). When using the pin for INTP7, stop UARTAO reception (clear the UAOCTLO.UAORXE bit to 0).
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Table 4-17. Settings When Pins Are Used for Alternate Functions (2/5)

Function Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name Name /O Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)

P38 TXDA2 Output P38 = Setting not required | PM38 = Setting not required | PMC38 = 1 - PFC38=0
SDAO0O /0 P38 = Setting not required | PM38 = Setting not required | PMC38 = 1 - PFC38 =1 PF38 (PF3) = 1

P39 RXDA2 Input P39 = Setting not required | PM39 = Setting not required | PMC39 = 1 - PFC39=0
SCL00 /0 P39 = Setting not required | PM39 = Setting not required | PMC39 = 1 - PFC39 =1 PF39 (PF3) =1

P40 SIBO Input P40 = Setting not required | PM40 = Setting not required | PMC40 = 1 - PFC40=0
SDAO1 110 P40 = Setting not required | PM40 = Setting not required | PMC40 = 1 - PFC40 =1 PF40 (PF4) =1

P41 SOBO Output P41 = Setting not required | PM41 = Setting not required | PMC41 =1 - PFC41 =0
SCLO1 I/0 P41 = Setting not required | PM41 = Setting not required | PMC41 = 1 - PFC41 =1 PF41 (PF4) =1

P42 SCKBO 1/10 P42 = Setting not required | PM42 = Setting not required | PMC42 = 1 - -

P50 TIQO1 Input P50 = Setting not required | PM50 = Setting not required | PMC50 = 1 PFCE50 =0 PFC50 =1 KRMO (KRM) =0
KRO Input P50 = Setting not required | PM50 = Setting not required | PMC50 = 1 PFCES50 =0 PFC50 =1 TQOTIG2,TQOTIG3 (TQOIOC1) =0
TOQO1 Output P50 = Setting not required | PM50 = Setting not required | PMC50 = 1 PFCES50 = 1 PFC50 =0
RTPOO Output P50 = Setting not required | PM50 = Setting not required | PMC50 = 1 PFCE50 = 1 PFC50 =1

P51 TIQ02 Input P51 = Setting not required | PM51 = Setting not required | PMC51 = 1 PFCE51 =0 PFC51 =1 KRM1 (KRM) =0
KR1 Input P51 = Setting not required | PM51 = Setting not required | PMC51 = 1 PFCE51 =0 PFC51 =1 TQOTIG4,TQOTIG5 (TQOIOC1) =0
TOQO02 Output P51 = Setting not required | PM51 = Setting not required | PMC51 = 1 PFCES51 =1 PFC51=0
RTPO1 Output P51 = Setting not required | PM51 = Setting not required | PMC51 = 1 PFCES51 =1 PFC51 =1

P52 TIQ03 Input P52 = Setting not required | PM52 = Setting not required | PMC52 = 1 PFCE52 =0 PFC52 =1 KRM2 (KRM) = 0
KR2 Input P52 = Setting not required | PM52 = Setting not required | PMC52 = 1 PFCE52 =0 PFC52 =1 TQOTIG6,TQOTIG7 (TQOIOC1) =0
TOQO3 Output P52 = Setting not required | PM52 = Setting not required | PMC52 = 1 PFCE52 = 1 PFC52 =0
RTP02 Output P52 = Setting not required | PM52 = Setting not required | PMC52 = 1 PFCE52 =1 PFC52 =1
DDI Input P52 = Setting not required | PM52 = Setting not required | PMC52 = Setting not required| PMCES52 = Setting not required | PFC52 = Setting not required| OCDMO (OCDM) = 1
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Table 4-17. Settings When Pins Are Used for Alternate Functions (3/5)

Function Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCENX Bit of PFCnx Bit of Other Bits
Name Name /O Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)
P53 SIB2 Input P53 = Setting not required | PM53 = Setting not required | PMC53 = 1 PFCE53 =0 PFC53=0
TIQ00 Input P53 = Setting not required | PM53 = Setting not required | PMC53 = 1 PFCE53 =0 PFC53 =1 KRM3 (KRM) =0
KR3 Input P53 = Setting not required | PM53 = Setting not required | PMC53 = 1 PFCE53 =0 PFC53 =1 TQOTIGO, TQOTIG1 (TQOIOC1) =0,
TQOEESO, TQOEES1 (TQOIOC2) =0,
TQOETSO0, TQOETS1 (TQOIOC2) = 0
TOQO00 Output P53 = Setting not required | PM53 = Setting not required | PMC53 = 1 PFCE53 = 1 PFC53=0
RTPO3 Output P53 = Setting not required | PM53 = Setting not required | PMC53 = 1 PFCE53 =1 PFC53 =1
DDO Output P53 = Setting not required | PM53 = Setting not required | PMC53 = Setting not required | PFCE53 = Setting not required| PFC53 = Setting not required | OCDMO (OCDM) = 1
P54 SOB2 Output P54 = Setting not required | PM54 = Setting not required | PMC54 = 1 PFCE54 =0 PFC54 =0
KR4 Input P54 = Setting not required | PM54 = Setting not required | PMC54 = 1 PFCE54 =0 PFC54 =1
RTP04 Output P54 = Setting not required | PM54 = Setting not required | PMC54 = 1 PFCE54 =1 PFC54 =1
DCK Input P54 = Setting not required | PM54 = Setting not required | PMC54 = Setting not required | PFCE54 = Setting not required| PFC54 = Setting not required | OCDMO (OCDM) = 1
P55 SCKB2 /0 P55 = Setting not required | PM55 = Setting not required | PMC55 = 1 PFCE55 =0 PFC55 =0
KR5 Input P55 = Setting not required | PM55 = Setting not required | PMC55 = 1 PFCE55 =0 PFC55 =1
RTPO5 Output P55 = Setting not required | PM55 = Setting not required | PMC55 = 1 PFCE55 =1 PFC55 =1
DMS Input P55 = Setting not required | PM55 = Setting not required | PMC55 = Setting not required | PFCES5 = Setting not required| PFC55 = Setting not required | OCDMO (OCDM) = 1
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Table 4-17. Settings When Pins Are Used for Alternate Functions (4/5)

Function Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name Name /0 Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)
P70 ANIO Input P70 = Setting not required | PM70 = 1 - - -
P71 ANI1 Input P71 = Setting not required | PM71 = 1 - - -
P72 ANI2 Input P72 = Setting not required | PM72 = 1 - - -
P73 ANI3 Input P73 = Setting not required | PM73 = 1 - - -
P74 ANI4 Input P74 = Setting not required | PM74 = 1 - - -
P75 ANI5 Input P75 = Setting not required | PM75 = 1 - - -
P76 ANI6 Input P76 = Setting not required | PM76 = 1 - - -
P77 ANI7 Input P77 = Setting not required | PM77 =1 - - -
P78 ANI8 Input P78 = Setting not required | PM78 = 1 - - -
P79 ANI9 Input P79 = Setting not required | PM79 = 1 - - -
P90 KR6 Input P90 = Setting not required | PM90 = Setting not required | PMC90 = 1 PFCEQ90 =0 PFC90 =1
TXDA1 Output P90 = Setting not required | PM90 = Setting not required | PMC90 = 1 PFCEQ0 = 1 PFC90 =0
SDA02 1/0 P90 = Setting not required | PM90 = Setting not required | PMC90 = 1 PFCE90 = 1 PFC90 =1 PF90 (PF9) =1
P91 KR7 Input P91 = Setting not required | PM91 = Setting not required | PMC91 = 1 PFCE91 =0 PFC91 =1
RXDA1/KR7M"| Input P91 = Setting not required | PM91 = Setting not required | PMC91 = 1 PFCE91 = 1 PFC91 =0
SCL02 1/0 P91 = Setting not required | PM91 = Setting not required | PMC91 = 1 PFCE91 =1 PFC91 =1 PF91 (PF9) =1
P92 TIP41 Input P92 = Setting not required | PM92 = Setting not required | PMC92 = 1 PFCE92 =0 PFC92 =1
TOP41 Output P92 = Setting not required | PM92 = Setting not required | PMC92 = 1 PFCE92 =1 PFC92=0
P93 TIP40 Input P93 = Setting not required | PM93 = Setting not required | PMC93 = 1 PFCE93 =0 PFC93 =1
TOP40 Output P93 = Setting not required | PM93 = Setting not required | PMC93 = 1 PFCE93 =1 PFC93=0
P94 TIP31 Input P94 = Setting not required | PM94 = Setting not required | PMC94 = 1 PFCE94 =0 PFC94 =1
TOP31 Output P94 = Setting not required | PM94 = Setting not required | PMC94 = 1 PFCE94 = 1 PFC94 =0

Note. The RXDA1 and KR7 functions cannot be used at the same time. When using the pin for RXDA1, do not use the KR7 function. When using the pin for KR7,

do not use the RXDAT1 function. (It is recommended to set the PFC91 bit to 1 and clear the PFCE91 bit to 0.)
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Table 4-17. Settings When Pins Are Used for Alternate Functions (5/5)

Function Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name Name 1/O Pn Register PMn Register PMCn Register PFCEnN Register PFCn Register (Registers)
P96 TIP21 Input P96 = Setting not required | PM96 = Setting not required | PMC96 = 1 PFCE96 = 1 PFC96 =0
TOP21 Output P96 = Setting not required | PM96 = Setting not required | PMC96 = 1 PFCE96 = 1 PFC96 =1
P97 TIP20 Input P97 = Setting not required | PM97 = Setting not required | PMC97 = 1 PFCE97 =1 PFC97 =0
TOP20 Output P97 = Setting not required | PM97 = Setting not required | PMC97 = 1 PFCE97 =1 PFC97 =1
P98 SOB1 Output P98 = Setting not required | PM98 = Setting not required | PMC98 = 1 - PFC98 =1
P99 "SCKB1 110 P99 = Setting not required | PM99 = Setting not required | PMC99 = 1 - PFC99 =1
P910 SIB3 Input P910 = Setting not required | PM910 = Setting not required | PMC910 = 1 - PFC910 =1
P911 SOB3 QOutput P911 = Setting not required |PM911 = Setting not required | PMC911 = 1 - PFC911 =1
P912 SCKB3 110 P912 = Setting not required | PM912 = Setting not required | PMC912 = 1 - PFC912 =1
P913 INTP4 Input P913 = Setting not required | PM913 = Setting not required | PMC913 = 1 - PFC913 =1
P914 INTP5 Input P914 = Setting not required | PM914 = Setting not required | PMC914 = 1 PFCE914 =0 PFC914 =1
TIP51 Input P914 = Setting not required | PM914 = Setting not required | PMC914 = 1 PFCE914 =1 PFC914 =0
TOP51 Qutput P914 = Setting not required | PM914 = Setting not required | PMC914 = 1 PFCE914 =1 PFC914 =1
P915 INTP6 Input P915 = Setting not required | PM915 = Setting not required | PMC915 = 1 PFCE915=0 PFC915 =1
TIP50 Input P915 = Setting not required | PM915 = Setting not required | PMC915 = 1 PFCE915 =1 PFC915=0
TOP50 Output P915 = Setting not required | PM915 = Setting not required | PMC915 = 1 PFCE915 =1 PFC915 =1
PDL5 FLMD1Nete Input PDL5 = Setting not required | PMDL5 = Setting not required | PMCDL5 = Setting not required - -

7-€3r/S30S8A “1-€0r/S30S8A
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Note Since this pin is set in the flash memory programming mode, it does not need to be manipulated by using the port control register. For details, see
CHAPTER 28 FLASH MEMORY.
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CHAPTER 4 PORT FUNCTIONS

4.6 Cautions

Cautions on setting port pins

(1) In the V850ES/JC3-L and V850ES/JE3-L, general-purpose port pins are shared with several peripheral 1/O

functions. To switch between using a pin as a general-purpose port pin (port mode) and as a peripheral function
I/O pin (alternate-function mode), use the PMCn register. Note the following when setting this register.

(a) Cautions when switching from port mode to alternate-function mode
Switch from the port mode to the alternate-function mode in the following order:

<1> Set the PFn register
<2> Set the PFCn and PFCEn registers:

<3> Set the corresponding bit of the PMCn register to 1:
<4> Set the INTRn and INTFn registers™*:

Note 1,

N-ch open-drain setting
Alternate-function selection
Switch to alternate-function mode
External interrupt setting

Note that if the PMCn register is set first, an unexpected operation may occur at the moment the register is set
or when the pin states change in accordance with the setting of the PFn, PFCn, and PFCEn registers.
A specific example is shown below.

Notes 1.
2.

Caution

N-ch open-drain output pin only.

Only when the external interrupt function is selected.

Regardless of the port mode/alternate-function mode setting, the Pn register is read and
written as follows:
e Pn register read: The port output latch value is read (when PMn.PMnm bit = 0), or the pin

state is read (PMn.PMnm bit = 1).

o Pn register write: The port output latch is written

[Example] SCLO1 pin setting example
The SCLO1 pin is used alternately as the P41/SOBO pin. Select the desired pin function by using
the PMC4, PFC4, and PF4 registers.

PMC41 Bit PFC41 Bit PF41 Bit Pin Function
0 don’t care 1 P41 (in output port mode, N-ch open-drain output)
1 0 1 SOBO output (N-ch open-drain output)

1 1 SCLO1 I/0 (N-ch open-drain output)
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CHAPTER 4 PORT FUNCTIONS

The setting order that may cause a malfunction when switching from the P41 pin function to the

SCLO1 pin function is shown below.

Setting Order Setting Pin State Pin Level
<1> Initial value Port mode (input) Hi-Z
(PMC41 bit =0,
PFC41 bit = 0,
PF41 bit = 0)
<2> PMC41 bit « 1 SOBO output Low level (may be high level depending
on the CSIBO setting)
<3> PFC41 bit « 1 SCLO1 I/0 High level (CMOS output)
<4> PF41 bit « 1 SCLO1 I/0 Hi-Z (N-ch open-drain output)

In <2>, F'C communication may be affected since the alternate-function SOBO output is output to the
pin. In the CMOS output period of <2> or <3>, an unnecessary current may be generated.

(b) Cautions on alternate-function mode (input)

The signal input to the alternate-function block is low level when the PMCn.PMCnm bit is O due to the ANDed
output of the PMCn register set value and the pin level. Thus, depending on the port setting and alternate-
function operation enable timing, an unexpected operation may occur. Therefore, switch between the port
mode and alternate-function mode in the following sequence.

e Switching from port mode to alternate-function mode (input)
Set the pins to the alternate-function mode using the PMCn register and then enable the alternate-function
operation.

e Switching from alternate-function mode (input) to port mode
Stop the alternate-function operation and then switch the pins to the port mode.

Specific examples are shown below.

[Example 1] Switching from general-purpose port pin (P02) to external interrupt pin (NMI)

When the PO2/NMI pin is pulled up as shown in Figure 4-37 and the rising edge is specified by
the NMI pin edge detection setting, even though a high level is input continuously to the NMI pin
while switching from the P02 pin to the NMI pin (PMCO02 bit = 0 — 1), this is detected as a rising
edge, as if the low level changed to a high level, and an NMI interrupt occurs.
To avoid this, set the NMI pin’s valid edge after switching from the P02 pin to the NMI pin.
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Figure 4-37. Example of Switching from P02 to NMI (Incorrect)

7 6 5 4 3 2 1

PMCO (O 0—-1 0|0

. 3V
PMCOm bit = 0: Port mode

PMCOm bit = 1: Alternate-function mode

NMI interrupt occurrence | Rising
detector
PO2/NMI

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

~— edge @
1
1
1
1
1
1
1
1

PMCO02 bit = 0: Low level
2

PMCO2 bit = 1: High level

Remark m=2to6

[Example 2] Switching from external pin (NMI) to general-purpose port pin (P02)
When the PO2/NMI pin is pulled up as shown in Figure 4-38 and the falling edge is specified by
the NMI pin edge detection setting, even though a high level is input continuously to the NMI pin
when switching from the NMI pin to the P02 pin (PMCO02 bit = 1 — 0), this is detected as a falling
edge, as if the high level changed to a low level, and an NMI interrupt occurs.
To avoid this, set the NMI pin edge detection as “No edge detected” before switching to the P02

pin.

Figure 4-38. Example of Switching from NMI to P02 (Incorrect)

7 6 5 4 3 2 1

PMmco | O 1-0 0|0

PMCOm bit = 0: Port mode 3V

PMCOm bit = 1: Alternate-function mode

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
NMI interrupt occurrence | Falling :
-— edge @
detector N
1
1
1
1
1
1
1
1

PO2/NMI

PMCO02 bit = 1: High level
l

PMCO02 bit = 0: Low level

Remark m=2to6

(2) In port mode, the PFn.PFnm bit is valid only in the output mode (PMn.PMnm bit = 0). In the input mode (PMnm bit
= 1), the value of the PFnm bit is not reflected in the buffer.
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4.6.2 Cautions on bit manipulation instruction for port n register (Pn)

When a 1-bit manipulation instruction is executed on a port that provides both input and output functions or

port/alternate functions, the value of the output latch of an input port that is not subject to manipulation may be written in
addition to the targeted bit.
Therefore, it is recommended to rewrite the output latch when switching a port from input mode to output mode.

<Example>  When the P90 pin is an output pin, the P91 to P97 pins are input pins (the status of all pins is high level),
and the value of the port latch is 00H, if the output of the P90 pin is changed from low level to high level
via a bit manipulation instruction, the value of the port latch is FFH.
Explanation: When writing to and reading from the Pn register of a port whose PMnm bit is 1, the output
latch is written and the pin status is read.
A bit manipulation instruction is executed in the following order in the V850ES/JC3-L, V850ES/JE3-L.
<1> The Pn register is read in 8-bit units.
<2> The targeted bit is manipulated.
<3> The Pn register is written in 8-bit units.
In step <1>, the value of the output latch (0) of the P90 pin, which is an output pin, is read, while the pin
statuses of the P91 to P97 pins, which are input pins, are read. If the pin statuses of the P91 to P97
pins are high level at this time, the value read is FEH.
The value is changed to FFH by the manipulation in <2>.
FFH is written to the output latch by the manipulation in <3>.
Figure 4-39. Bit Manipulation Instruction (P90 Pin)
Bit manipulation
P90 @ instruction P90 @
Low-level output .(36“ 0, POL[r0)) High-level output
is executed for
P90 bit.
P91 to P97 @ I::> P91 to P97 @
Pin status: High level Pin status: High level
Port 9L latch Port 9L latch
(olofofofofofofo] REENERERENERERED
Bit manipulation instruction for P90 bit
<1> The PIL register is read in 8-bit units.
¢ In the case of P90, an output pin, the value of the port latch (0) is read.
¢ In the case of P91 to P97, input pins, the pin status (1) is read.
<2> Set (1) to the P90 bit.
<3> Write the results of <2> to the output latch of the PIL register in 8-bit units.
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4.6.3 Cautions on on-chip debug pins

The DRST, DCK, DMS, DDI, and DDO pins are on-chip debug pins.

After reset by the RESET pin, the PO5/INTP2/DRST pin is initialized to function as an on-chip debug pin (DRST). If a
high level is input to the DRST pin at this time, the on-chip debug mode is set, and the DCK, DMS, DDI, and DDO pins can
be used.

The following action must be taken if on-chip debugging is not used.

e Clear the OCDMO bit of the OCDM register (special register) (0)

At this time, fix the PO5/INTP2/DRST pin to low level from when reset by the RESET pin is released until the above
action is taken.

If a high level is input to the DRST pin before the above action is taken, it may cause a malfunction (CPU deadlock).
Handle the P05 pin with the utmost care.

Caution After reset by the WDT2RES signal, clock monitor (CLM), or low-voltage detector (LVI), the
PO5/INTP2/DRST pin is not initialized to function as an on-chip debug pin (DRST). The OCDM register
holds the current value.

4.6.4 Cautions on PO5/INTP2/DRST pin
The PO5/INTP2/DRST pin has an internal pull-down resistor (30 kQ2 TYP.). After a reset by the RESET pin, the pull-
down resistor is connected. The pull-down resistor is disconnected when the OCDMO bit is cleared (0).

4.6.5 Cautions on P10, P11, and P53 pins when power is turned on
When the power is turned on, the following pins may output an undefined level temporarily even during reset.

¢ P10/ANOO pin
e P53/SIB2/KR3/TIQ00/TOQ00/RTP03/DDO pin

4.6.6 Hysteresis characteristics
In port mode, the following port pins do not have hysteresis characteristics.

P02 to P06

P30 to P32, P38 to P39

P40 to P42

P50 to P55

P90 to P94, P96, P97, P99, P910, P912 to P915
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CHAPTER 5 CLOCK GENERATOR

5.1 Overview

The clock generator generates the clock signals that are input to the CPU and peripherals. The clock generator
includes a PLL circuit, which enables the clock frequency to be multiplied by four. The clock frequency can also be
divided before clock signals are input to the CPU or on-chip peripherals. Clock oscillation can also be stopped to save
power.

The clock generator has the following features:

O Main clock oscillator
¢ In clock-through mode
fx = 2.5 to 10 MHz (fxx = 2.5 to 10 MHz)
e In PLL mode
fx =2.51t0 5 MHz (x4 : fxx = 10 to 20 MHz)
O Subclock oscillator
e fxT=32.768 kHz
O Internal oscillator
o frR =220 kHz (TYP.)
O Multiplication (x4) function via PLL (Phase Locked Loop)
o Clock-through mode/PLL mode selectable (fx = 2.5 to 5 MHz)
O Internal system clock generation
o 7 steps (fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, fxT)
O Peripheral clock generation
O External clock input

Remark fx: Main clock oscillation frequency
fxx: Main clock frequency
fxt: Subclock frequency
fr: Internal oscillator clock frequency
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5.2 Configuration

Figure 5-1. Clock Generator

FRC bit
XT10-+] Timer M clock
gzzﬁ:;zl: b fxr RTC/Watch timer clock,
X120 Watchdog timer 2 clock
~ 12
f/2-f/2 RTC/Watch timer clock
IDLE
MFRC PLLON control CK3
. . bits
bit bit IDLE mode ——
| | CK2 to CKO
X1 0O~ i f fxx bits
Mam_ clock o pLL o [~ DLEL ] Prescaler 2 Note
X20— oscillator o control } HALT
T 3 S
2 /32 o mode
Main clock /16 T [—
oscillator X 5 (0] 5 ¢
stop control xx/8 | © = © HALTceu CPU clock
? ? T fd/d % % control
MCK STOP SELPLL o2 | @ — @ fo  Internal
bit mode bit P system clock
XX
Int(_ernal fr 1/8 divider fr/8 Watchdog timer 2 clock,
oscillator timer M clock
RSTOP bit
p ler 1 fxx to fxx/1,024  Peripheral clock,
| Frescaler watchdog timer 2 clock

Note The internal oscillator clock is selected when watchdog timer 2 overflows during the oscillation

stabilization time.

Remark fx: Main clock oscillation frequency
fxx:  Main clock frequency
fck:  Internal system clock frequency
fxt:  Subclock frequency
fcru:  CPU clock frequency
fR: Internal oscillator clock frequency
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Q)

Main clock oscillator
The main clock oscillator uses a ceramic/crystal resonator connected to X1 and X2 pins to oscillate the following
frequencies (fx).

¢ In clock-through mode
fx =2.5to 10 MHz (fxx = 2.5 to 10 MHz)
¢ In PLL mode
fx =2.5t0 5 MHz (x4 : fxx = 10 to 20 MHz)

An external clock of the following frequency is input to the X1 pin.

¢ In clock-through/PLL mode
fx=2.5t0 5 MHz

(2) Subclock oscillator

©)

@

(®)

The subclock oscillator oscillates a frequency of 32.768 kHz (fxT).
This is in the RTC backup area and causes the subclock to continue oscillating even in the RTC backup mode.

Main clock oscillator stop control

This circuit generates a control signal that stops oscillation of the main clock oscillator.

Oscillation of the main clock oscillator is stopped in the STOP mode or when the PCC.MCK bit is 1 (valid only when
the PCC.CLS bitis 1).

Internal oscillator
Oscillates a frequency (fr) of 220 kHz (TYP.).

Prescaler 1
This prescaler generates the clock (fxx to fxx/1,024) to be supplied to the following on-chip peripheral functions:
TMPO to TMP5, TMQO, TMMO, CSIBO to CSIB4, UARTAO to UARTA2, I°C00 to I°C02, ADC, and WDT2

(6) Prescaler 2

)

This circuit divides the main clock (fxx).

The clock generated by prescaler 2 (fxx to fxx/32) is supplied to the selector that generates the CPU clock (fcpu)
and internal system clock (fcLk).

fcik is the clock supplied to the INTC, ROM, RAM, and DMA blocks.

PLL

This circuit multiplies the clock generated by the main clock oscillator (fx) by 4.

It operates in two modes: clock-through mode in which fx is output as is, and PLL mode in which a multiplied clock
is output. These modes can be selected by using the PLLCTL.SELPLL bit.

PLL is started or stopped by the PLLCTL.PLLON bit.
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5.3 Registers

(1) Processor clock control register (PCC)
The PCC register is a special register.

sequences (see 3.4.7 Special registers).

Data can be written to this register only in combination of specific

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

Reset sets this register to 03H.

(1/2

After reset: 03H R/W Address: FFFFF828H
7 <6> 5 <4> <3> 2 1 0
PcC | FRC | Mck | MFRC [cLs*e| cks | cke | cki | cko |

FRC Use of subclock on-chip feedback resistor
0 Used
1 Not used

MCK Main clock oscillator control
0 Oscillation enabled
1 Oscillation stopped

MFRC Use of main clock on-chip feedback resistor
0 Used (when ceramic/crystal resonator is used)
1 Not used (when external clock is used)
CLSNete Status of CPU clock (fcru)

0 Main clock operation
1 Subclock operation

CK3 CK2 CK1 CKO Clock selection (fcLk/fcru)
0 0 0 fxx
0 0 1 fxx/2
0 0 1 0 fxx/4
0 0 1 1 fxx/8 (Initial value)
0 1 0 0 fxx/16
0 1 0 1 fxx/32
0 1 1 X Setting prohibited
1 X X X fxr

Note The CLS bit is a read-only bit.
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(272
Cautions 1. Use a bit manipulation instruction to manipulate the CK3 bit. When using an 8-bit
manipulation instruction, do not change the set values of the CK2 to CKO bits.

2. When the external clock is used, set the MFRC bit to “1” so as not to use the internal
feedback resistor.

3. Even if the MCK bit is set (1) while the system is operating with the main clock as the CPU
clock, the operation of the main clock does not stop. It stops after the CPU clock has been
changed to the subclock.

4. Before changing the MCK bit from 0 to 1, stop the on-chip peripheral functions operating on
the main clock.

5. When the main clock is stopped and the device is operating on the subclock, clear (0) the
MCK bit and secure the oscillation stabilization time by software before switching the CPU
clock to the main clock or operating the on-chip peripheral functions.

Remark x: don’t care
RO1UH0018EJ0200 Rev.2.00 Page 186 of 969
Mar 25, 2014

RENESAS



V850ES/JC3-L, VB850ES/JE3-L

CHAPTER 5 CLOCK GENERATOR

(a) Example of changing main clock operation to subclock operation

<1>

<2>

<3>

Cautions 1.

Remark

CK3 bit « 1: Use of a bit manipulation instruction is recommended. Do not change the CK2 to
CKaO bits.
Read the CLS bit to check if subclock operation has started. It takes the following

time after the CK3 bit is set until subclock operation is started.

Subclock operation:

Max.: 1/fxt (1/subclock frequency)
MCK bit « 1: Set the MCK bit to 1 only when stopping the main clock.
When stopping the main clock, stop the PLL. Also stop the operations of the on-chip
peripheral functions operating on the main clock.
2. If the following condition is not satisfied, change the CK2 to CKO bits so that the

condition is satisfied, then change to the subclock operation mode.
Internal system clock (fcLk) > Subclock (fxt: 32.768 kHz) x 4

Internal system clock (fck): Clock generated from the main clock (fxx) by setting bits CK2 to
CKO

[Description example]

<1>

<2>

<3>

_DMA_DISABLE:

clrl 0, DCHCn[r0] -- DMA operation disabled. n=010 3
_SET SUB_RUN :

st.b r0, PRCMD[r0]

setl 3, PCC[r0] -- CK3 bit « 1

_CHECK_CLS :

tstl 4, PCC[ro0] -- Wait until subclock operation starts.
bz _CHECK_CLS

_STOP_MAIN CLOCK :

st.b r0, PRCMD[r0]

setl 6, PCC[r0] -- MCK bit «- 1, main clock is stopped.
_DMA_ENABLE:

setl 0, DCHCn[rO0] -- DMA operation enabled. n=01t0o 3

Remark The description above is simply an example. Note that in <2> above, the CLS bit is checked in a

closed loop.
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(b) Example of changing subclock operation to main clock operation
<1> MCK bit < 0:

Main clock starts oscillating

<2> Insert waits by program and wait until the oscillation stabilization time of the main clock has elapsed.
Use of a bit manipulation instruction is recommended. Do not change the CK2

<3> CKS bit < 0:

<4> Main clock operation:

to CKO bits.

started.

Max.: 1/fxt (1/subclock frequency)

It takes the following time after the CKS3 bit is set until main clock operation is

Therefore, insert one NOP instruction immediately after setting the CK3 bit to 0.

Caution Enable operation of the on-chip peripheral functions operating on the main clock only after
the oscillation of the main clock stabilizes. If their operations are enabled before the lapse

of the oscillation stabilization time, a malfunction may occur.

[Description example]
_DMA DISABLE:

clrl

0, DCHCn[rO0]

<1> _START MAIN OSC :

st.b
clrl

<2> movea

_WAIT OST :

nop
nop
nop
addi
bnz
<38> st.b
clrl

<4> nop

r0, PRCMDI[rO0]
6, PCC[r0]
0x55, r0, rll

-1, rl1l, rll

_WAIT OST

r0, PRCMDI[rO0]
3, PCC[r0]

_DMA_ENABLE:

setl

0, DCHCn[rO0]

-- DMA operation disabled. n=01t0 3
-- Release of protection of special registers

-- Main clock starts oscillating.
-- Wait for oscillation stabilization time.

-- DMA operation enabled. n=01o0 3
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(2) Internal oscillator mode register (RCM)

The RCM register is an 8-bit register that sets the operation mode of the internal oscillator.

This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF80CH
7 6 5 4 3 2 <0>
rev | o | o | o | o | o | o | o [rsror]
RSTOP Oscillation/stop of internal oscillator
0 Do not stop internal oscillator oscillation
1 Stop internal oscillator

Cautions 1.

to 1.

The internal oscillator cannot be stopped while the CPU is operating on the internal
oscillator clock (CCLS.CCLSF bit = 1). Do not set the RSTOP bit to 1.

The internal oscillator oscillates if a watchdog timer overflow occurs while the
oscillator signal is stabilizing after STOP mode has been canceled by the
occurrence of an interrupt (that is, if the CCLS.CCLSF bit is set to 1), even if the
internal oscillator is stopped (the RSTOP bit is 1). At this time, RSTOP remains set

(3) CPU operation clock status register (CCLS)
The CCLS register indicates the status of the CPU operation clock.
This register is read-only, in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00HN°'® R Address: FFFFF82EH
7 6 5 4 3 1 0
cc,s | o | o | o | o | o | o | o |coLsF|
CCLSF CPU operation clock status
0 Operating on main clock (fx) or subclock (fxr).
1 Operating on internal oscillator clock (fr).

released, the CCLSF bit is set to 1 and the reset value is 01H.

Note If a WDT overflow occurs during oscillation stabilization after a reset is released or STOP mode is
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5.4 Operations

5.4.1 Operation of each clock
The following table shows the operation status of each clock.

Table 5-1. Operation Status of Each Clock

Register Setting and PCC Register
Operation Status CLK Bit = 0, MCK Bit = 0 CLS Bit=1, CLS Bit=1,
MCK Bit=0 MCK Bit = 1
—_ = 2 w

2l £¢| x| 38 94 g _eo & _e

Slo§@ 5| mm o 5| =% 5| =5

alg s e Z| Sz = 2l 85 2| 85

Target Clock 2* % E 5| 55 5 z| op z| °of

Gl s€| 8| 3% § g "m g °r

[v] D
Main clock oscillator (fx) x \ \ v x N S x x
Subclock oscillator (fxr) S \ \ v v v S v \
CPU clock (fceu) x x x x x \/ X N X
Internal system clock (fcik) x x S x x N x S x
Main clock (in PLL mode, xx) x et R v x N \ x o2 x ote

Peripheral clock (fxx to fxx/1,024) x x \ x x v x x x
WT clock (main) \ \ v x v S x x
WT clock (sub) N \ \ v N N S \ N
WDT2 clock (internal oscillation) x \ \ v v v S \ \
WDT2 clock (main) X X \/ X X \/ X X X
WDT2 clock (sub) N S S v N \/ \/ \ \
RTC clock (main) x x v v x \/ ~ x x
RTC clock (sub) \/ \ \/ N N N Y Y Y

Notes1. Lockup time
2. Be sure to set the PLLCTL.PLLON to 0.

Remark +:  Operating
X: Stopped
- Undefined

5.4.2 External clock signal input

An external clock signal can be directly input to the oscillator. Input the clock to the X1 pin and leave the X2 pin open.
Set the PCC.MFRC bit to 1 (on-chip feedback resistor not used). Note, however, that time is required to stabilize the
oscillator signal even when inputting an external clock signal.
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5.5 PLL Function

5.5.1 Overview
In the V850ES/JC3-L, VB50ES/JE3-L, an operating clock that is the oscillation frequency multiplied by 4 by the PLL
function or an unmultiplied clock (clock-through mode) can be selected as the operating clock of the CPU and on-chip

peripheral functions.

When PLL function is used: Input clock = 2.5 to 5 MHz (output: 10 to 20 MHz)
Clock-through mode: Input clock = 2.5 to 10 MHz (output: 2.5 to 10 MHz)

5.5.2 Registers

(1) PLL control register (PLLCTL)
The PLLCTL register is an 8-bit register that controls the PLL function.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 01H.

After reset: 01H R/W Address: FFFFF82CH

6 5 4 3 2 <1> <0>
PLLCTL | o 0 0 0 0 0 | SELPLL | PLLON |
SELPLL Selection of CPU operation clock mode

0 Clock-through mode
1 PLL mode

PLLON Control of PLL operation

0 Disable PLL operation

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

Cautions 1. When the PLLON bit is cleared to 0, the SELPLL bit is automatically cleared to 0 (clock-
through mode).
2. The SELPLL bit can be set to 1 only when the PLL clock frequency is stabilized. If not (if
the PLL is unlocked), “0” is written to the SELPLL bit whatever data is written to it.
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(2) Clock control register (CKC)

The CKC register is a special register. Data can be written to this register only in a combination of specific

sequences (see 3.4.7 Special registers).

The CKC register controls the internal system clock in the PLL mode.

This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 0AH.

After reset: 0AH R/W Address: FFFFF822H

1 0

ckc [ o | o | o | o | 1

1 [ckovo |

CKDIVO Internal system clock (fxx) in PLL mode

0 fxx =4 x fx (fx = 2.5 t0 5.0 MHz)

1 Setting prohibited

not guaranteed.

Cautions 1. The PLL mode cannot be used when fx = 5.0 to 10.0 MHz.
2. Be sure to set the CKC register to 0AH. If a value other than 0AH is set, the operation is
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(3) Lock register (LOCKR)
The PLL locks the phase at a given frequency after the power is turned on or immediately after the STOP mode is
canceled. The time required for the frequency to stabilize is the lockup time (frequency stabilization time). This
state until the frequency stabilizes is called the lockup status, and the state in which the frequency is stabilized is
called the locked status.
The LOCKR register includes a LOCK bit that reflects the PLL frequency stabilization status.
This register is read-only, in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: O0H R Address: FFFFF824H

6 5 4 3 2 1 <0>
tockk [ o | o | o | o | o | o | o | rock |
LOCK PLL lock status check
0 Locked status
1 Unlocked status

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

[Set conditions]
e Upon system reset
e In IDLE2 or STOP mode
e Upon setting of PLL stop (clearing of PLLCTL.PLLON bit to 0)
e Upon stopping main clock and using CPU on subclock (setting of PCC.CK3 bit to 1 and setting of
PCC.MCK bit to 1)

Note

Note This register is set to 01H by reset and cleared to 00H after the reset has been released and the
oscillation stabilization time has elapsed.

[Clear conditions]

e Upon overflow of oscillation stabilization time following reset release (OSTS register default time (see
CHAPTER 27 OPTION BYTE))

¢ Upon oscillation stabilization timer overflow (time set by OSTS register) following STOP mode release,
when the STOP mode was set in the PLL operating status

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

o After the setup time inserted upon release of the IDLE2 mode (time set by the OSTS register) has elapsed
when the IDLE2 mode is set during PLL operation.
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(4) PLL lockup time specification register (PLLS)
The PLLS register is an 8-bit register used to select the PLL lockup time when the PLLCTL.PLLON bit is changed

fromO0to 1.
This register can be read or written in 8-bit units.
Reset sets this register to 03H.

After reset: O3H R/W Address: FFFFF6C1H

6 5 4 3 2 1 0
PLLS | o0 0 0 0 0 o | PLLS1 | PLLSO |
PLLS1 PLLSO Selection of PLL lockup time
0 0 210/fx
0 1 21 /fx
1 0 22ffx
1 1 2'3/fx (default value)

Cautions 1. Set so that the lockup time is at least 400 us.
2. Do not change the PLLS register setting during the lockup period.
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5.5.3 Usage

(1) When PLL is used

o After the reset signal has been released, the PLL operates (PLLCTL.PLLON bit = 1), but because the default
mode is the clock-through mode (PLLCTL.SELPLL bit = 0), select the PLL mode (SELPLL bit = 1).

e To enable PLL operation, first set the PLLON bit to 1, and then set the SELPLL bit to 1 after the LOCKR.LOCK
bit becomes 0. To stop the PLL, first select the clock-through mode (SELPLL bit = 0), wait for 8 clocks or more,
and then stop the PLL (PLLON bit = 0).

e The PLL stops during transition to the IDLE2 or STOP mode regardless of the setting and is restored from the
IDLE2 or STOP mode to the status before transition. The time required for restoration is as follows.

(a) When transitioning to the IDLE2 or STOP mode from the clock through mode

e STOP mode: Set the OSTS register so that the oscillation stabilization time is at least 400 us.
o IDLE2 mode: Set the OSTS register so that the setup time is at least 200 us.

(b) When transitioning to the IDLE 2 or STOP mode while remaining in the PLL operation mode

e STOP mode: Set the OSTS register so that the oscillation stabilization time is at least 400 us.
o IDLE2 mode: Set the OSTS register so that the setup time is at least 400 us.

When transitioning to the IDLE1 mode, the PLL does not stop. Stop the PLL if necessary.

(2) When PLL is not used
¢ The clock-through mode (SELPLL bit = 0) is selected after the reset signal has been released, but the PLL is
operating (PLLON bit = 1) and must therefore be stopped (PLLON bit = 0).
The time required for restoration from the IDLE2 and STOP modes is as follows.

e STOP mode: Set the OSTS register so that the oscillation stabilization time is at least 400 us.
o IDLE2 mode: Set the OSTS register so that the setup time is at least 200 us.
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5.6 How to Connect a Resonator

5.6.1 Main clock oscillator

The signal input to the main clock oscillator is oscillated by a ceramic or crystal resonator connected to the X1 and X2
pins. The frequency of the resonator is 2.5 to 10 MHz.

An external clock signal can also be input to the main clock oscillator.

Figure 5-2 shows an example of the circuit connected to the main clock oscillator.

Figure 5-2. Example of Circuit Connected to Main Clock Oscillator

(a) Crystal or ceramic resonator (b) External clock

Vss
X1 External clock —Doi X1

X2

Open | X2

Cautions related to connecting these circuits are shown on the following page.

5.6.2 Subclock oscillator

The signal input to the subclock oscillator is oscillated by a crystal resonator connected to the XT1 and XT2 pins. The
frequency of the resonator is 32.768 kHz (standard).

Figure 5-3 shows an example of the circuit connected to the subclock oscillator.

Figure 5-3. Example of Circuit Connected to Subclock Oscillator

(a) Crystal resonator

Vss

E ] T XT1
! 32.768

: I I e

r—] |—1W XT2

Cautions related to connecting this circuit are shown on the following page.
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Caution 1. When using the main clock or subclock oscillator, wire as follows in the area enclosed by the
broken lines in Figures 5-2 and 5-3 to avoid an adverse effect from wiring capacitance.

Keep the wiring length as short as possible.
Do not cross the wiring with the other signal lines.

Do not route the wiring near a signal line through which a high fluctuating current flows.
Always make the ground point of the oscillator capacitor the same potential as Vss.
Do not ground the capacitor to a ground pattern through which a high current flows.

Do not fetch signals from the oscillator.

The subclock oscillator is designed as a low-amplitude circuit for reducing power consumption.
Particular care is therefore required with the wiring method when the subclock is used.

Figure 5-4 shows examples of incorrect resonator connections.

Figure 5-4. Examples of Incorrect Resonator Connections (1/2)

(a) The wiring is too long.

Vss X1 X2 Vss

X1

(b) The wiring crosses other signal lines.

PORT

X2

inserted in series on the XT2 side.

Remark For the subsystem clock, read X1 and X2 as XT1 and XT2. Note that a resistor must be
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Figure 5-4. Examples of Incorrect Resonator Connections (2/2)

(c) The wiring is routed near a signal line (d) A current with a higher potential than that of the
through which a high fluctuating current flows. ground line of the oscillator block is flowing.

(The potential differs at points A, B, and C.)

Vop

Pmn

D}ﬁ Vss Pné |
— D)
A s o

\ High current
77 7771 Hig

Vss X1

High current

(e) Signals are being fetched.

Vss X1 X2
D %
A "N

77

Remark For the subsystem clock, read X1 and X2 as XT1 and XT2. Note that a resistor must be
inserted in series on the XT2 side.

Caution If X2 and XT1 are wired in parallel, crosstalk noise from XT1 may have a synergistic
effect on X2, causing a malfunction.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER P (TMP)
Timer P (TMP) is a 16-bit timer/event counter.
The V850ES/JC3-L, VB50ES/JES3-L have six timer/event counter channels, TMPO to TMP5.
6.1 Overview
TMPn has the following features.

(1) Interval timer
TMPn generates an interrupt at a preset interval and can output a square wave.

(2) External event counter
TMPn counts the number of externally input signal pulses.

(3) External trigger pulse output
TMPn starts counting and outputs a pulse when the specified external signal is input.

(4) One-shot pulse output
TMPn outputs a one-shot pulse with an output width that can be freely specified.

(5) PWM output
TMPn outputs a pulse with a constant cycle whose active width can be changed.

The pulse duty can also be changed freely even while the timer is operating.

(6) Free-running timer
TMPn increments from 0000H to FFFFH and then resets.

(7) Pulse width measurement
TMPn can be used to measure the pulses of a signal input externally.

Remark n=0to5
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6.2 Configuration
TMPn includes the following hardware.

Table 6-1. Configuration of TMPn

ltem Configuration

Registers 16-bit counter

TMPn counter read buffer register (TPNCNT)

TMPn capture/compare registers 0, 1 (TPnCCRO, TPnCCR1)
CCRO, CCRH1 buffer registers

TMPn control registers 0, 1 (TPnCTLO, TPnCTL1)

TMPn 1/O control registers 0 to 2 (TPnIOCO to TPnIOC2)
TMPn option register 0 (TPnOPTO)

Timer inputs 2 (TIPmO, TIPm1 pins)

Timer outputs 2 (TOPmO, TOPm1 pins)

Remarks1l. n=0to5
2. m:see Table 6-2

Figure 6-1. Block Diagram of TMPn

S Internal bus S
fxx —=1 TPnCNT
fxx/2 —=
fodd —~| = ﬁ
fxx/8 —=1 ‘g o
xx/16 —| 3 S |- 16-bit counter INTTPnOV
e /32— n 8 {} ‘ ‘ Clear
fxx/64N°" 1 fxx/256" ¢ 2 —= o} =
’ @ 58 HOTOPmMO
fxx/128%0 1 fxx/512N0te 2 —= A4 3%
ﬁ § % -OTOPmM1
CCRO ‘ ‘ 3
buffer
register CCR1 = INTTPnCCO
ﬁ buffer | INTTPnCCH1
register
TIPMO O~ % % TPnCCRO i
TPM O~ W3 TPnCCR1
U
S Internal bus S
Notes 1. TMPO, TMP2, TMP4
2. TMP1, TMP3, TMP5
Remark fxx: Main clock frequency
n=0to5
m : See Table 6-2
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(1) 16-bit counter
This is a 16-bit counter that counts internal clocks and external events.
This counter can be read by using the TPnCNT register.
When the TPnCTLO.TPnCE bit is 0 and the counter is stopped, the counter value is FFFFH. If the TPNnCNT register
is read at this time, 0000H is read.
Reset sets the TPnCE bit to 0, stopping the counter, and setting its value to FFFFH.

(2) TMPn counter read buffer register (TPNnCNT)
This is a read buffer register from which the value of the 16-bit counter can be read.

(3) TMPn capture/compare registers 0 and 1 (TPnCCR0 and TPnCCR1)
These registers can be used as either capture registers or compare registers, in accordance with the specified
mode.

(4) CCRO buffer register
This is a 16-bit compare register that compares the 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. If the 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 because the TPNCCRO register is cleared to 0000H.

(5) CCR1 buffer register
This is a 16-bit compare register that compares the value of the 16-bit counter.
When the TPnCCR1 register is used as a compare register, the value written to the TPnCCR1 register is
transferred to the CCR1 buffer register. If 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 because the TPNnCCR1 register is cleared to 0000H.

(6) TMPn control registers 0 and 1 (TPnCTLO and TPnCTL1)
These are 8-bit registers that control the operations of TMPn.

(7) TMPn I/O control registers 0 to 2 (TPnlOCO to TPnIOC2)
These are 8-bit registers that control the input and output of TMPn.

(8) TMPn option register 0 (TPnOPTO)
This is an 8-bit register that controls the specification of settings such as capture and compare.

(9) 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.
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(10) Output controller
This circuit controls the output of the TOPn0 and TOPn1 pins. The output controller is controlled by the TPnlOCO
register.

(11) Selector
The selector selects the count clock for the 16-bit counter. One of eight internal clocks or the input of an external
event can be selected as the count clock.

6.2.1 Pins used by TMPn
The input and output pins used by TMPn are shown in Table 6-2 below. When using these pins for TMPn, first set them

to port mode. For details, see Table 4-17 Settings When Pins Are Used for Alternate Functions.

Table 6-2. Pins Used by TMPn

Timer Pin No. Port TMP Input TMP Output Alternate Function
Channel | o3 | ycaL | JESL
(40) (48)
TMPO - 35 47 | P32 TIPOO™™* TOP00 ASCKAO/SCKB4
- - 43 | P33 TIPO1 TOPO1 -
TMP1 - - 44 P97 TIP10™" TOP10 -
- - 23 | P96 TIP11 TOP11 -
TMP2 - 38 50 | P97 TIP20™" TOP20 SIB1
32 - - -
13 15 22 | P96 TIP21 TOP21 -
TMP3 - - 21 P94 TIP31 TOP31 -
TMP4 - - 34 | P93 TIP40™* TOP40 -
- - 33 | P92 TIP41 TOP41 -
TMP5 34 4 53 | P915 TIP50™* TOP50 INTP6
33 40 52 | P914 TIP51 TOP51 INTP5

Note The TIPnO pin functions as a capture trigger input, as an external event input, and as an external
trigger input (n =010 2, 4, 5).

Remark JC3L (40): VB50ES/JC3-L (40-pin products)
JC3L (48): VB50ES/JC3-L (48-pin products)
JE3L : VB50ES/JE3-L
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6.2.2 Register configuraiton

For the VB50ES/JC3-L and VB50ES/JE3-L, the registers and their bit assignment differ for each product.
The register configuration for each product is shown in the following tables

(1) V850ES/JC3-L (40-pin)

Channel Register name Bit position
7 6 5 4 3 2 1 0
TMPO TPOCTLO TPOCE 0 0 0 0 TPOCKS2 | TPOCKS1 | TPOCKSO
TPOCTLA 0 0 0 0 0 TPOMD2 | TPOMD1 | TPOMDO
TMP1 TP1CTLO TP1CE 0 0 0 0 TP1CKS2 | TP1CKS1 | TP1CKS0
TP1CTL1 0 0 0 TP1MD2 | TP1MD1 | TP1MDO
TMP2 TP2CTLO TP2CE 0 0 0 0 TP2CKS2 | TP2CKS1 | TP2CKSO
TP2CTL1 0 TP2EST | TP2EEE 0 0 TP2MD2 | TP2MD1 | TP2MDO
TP210CO 0 0 0 0 TP20LA TP20OE1 TP20OLO | TP20OEO
TP2I0C1 0 0 0 0 TP2IS3 TP2IS2 TP2IS1 TP2ISO
TP210C2 0 0 0 0 TP2EES1 | TP2EESO | TP2ETS1 | TP2ETSO
TP20OPTO 0 0 TP2CCS1 | TP2CCSO 0 0 0 TP20OVF
TMP3 TP3CTLO TP3CE 0 0 0 0 TP3CKS2 | TP3CKS1 | TP3CKSO
TP3CTL1 0 0 0 0 0 TP3MD2 | TP3MD1 | TP3MDO
TMP4 TP4CTLO TP4CE 0 0 0 0 TP4CKS2 | TP4CKS1 | TP4CKSO
TP4CTL1 0 0 0 0 0 TP4MD2 | TP4MD1 | TP4MDO
TMP5 TP5CTLO TP5CE 0 0 0 0 TP5CKS2 | TP5CKS1 | TP5CKSO
TP5CTLA 0 TP5EST | TP5EEE 0 0 TP5MD2 | TP5MD1 | TP5MDO
TP510C0 0 0 0 0 TP50LA1 TP50EA TP50L0 | TP50EO0
TP5I0C1 0 0 0 0 TP5IS3 TP5IS2 TP5IS1 TP5ISO
TP510C2 0 0 0 0 TP5EES1 | TP5EESO | TP5ETS1 | TP5ETSO
TP50PTO 0 0 TP5CCS1 | TP5CCS0 0 0 0 TP50VF

Remark The TPnCCRO, TPnCCR1, and TPnCNT registers are available for all channels.
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(2) V850ES/JC3-L (48-pin)

Channel Register name Bit position
7 6 5 4 3 2 1 0
TMPO TPOCTLO TPOCE 0 0 0 0 TPOCKS2 | TPOCKS1 | TPOCKSO
TPOCTLA1 0 TPOEST | TPOEEE 0 0 TPOMD2 | TPOMD1 | TPOMDO
TPOIOCO 0 0 0 0 0 0 TPOOLO | TPOOEO
TPOIOC1 0 0 0 0 0 0 TPOIS1 TPOISO
TPOIOC2 0 0 0 0 TPOEES1 | TPOEESO | TPOETS1 | TPOETSO
TPOOPTO 0 0 TPOCCS1 | TPOCCSO0 0 0 0 TPOOVF
TMP1 TP1CTLO TP1CE 0 0 0 0 TP1CKS2 | TP1CKS1 | TP1CKSO
TP1CTLA 0 0 0 TP1MD2 | TP1MD1 | TP1MDO
TMP2 TP2CTLO TP2CE 0 0 0 0 TP2CKS2 | TP2CKS1 | TP2CKSO
TP2CTLA 0 TP2EST | TP2EEE 0 0 TP2MD2 | TP2MD1 | TP2MDO
TP210CO 0 0 0 0 TP20OLA TP20OEA TP20LO | TP20OEO
TP2I0C1 0 0 0 0 TP2IS3 TP2I1S2 TP2IS1 TP21S0
TP2I0C2 0 0 0 0 TP2EES1 | TP2EESO | TP2ETS1 | TP2ETSO
TP20OPTO 0 0 TP2CCS1 | TP2CCSO0 0 0 0 TP20OVF
TMP3 TP3CTLO TP3CE 0 0 0 0 TP3CKS2 | TP3CKS1 | TP3CKSO
TP3CTL1 0 0 0 0 0 TP3MD2 | TP3MD1 | TP3MDO
TMP4 TP4CTLO TP4CE 0 0 0 0 TP4CKS2 | TP4CKS1 | TP4CKSO
TP4CTLA 0 0 0 0 0 TP4MD2 | TP4MD1 | TP4MDO
TMP5 TP5CTLO TP5CE 0 0 0 0 TP5CKS2 | TP5CKS1 | TP5CKSO0
TP5CTL1 0 TP5EST | TP5EEE 0 0 TP5MD2 | TP5MD1 | TP5MDO
TP510C0 0 0 0 0 TP50L1 TP50E1 TP50L0 | TP50EO0
TP5I0C1 0 0 0 0 TP5IS3 TP5IS2 TP5IS1 TP5IS0
TP510C2 0 0 0 0 TP5EES1 | TP5EESO | TP5ETS1 | TP5ETSO
TP50PTO 0 0 TP5CCS1 | TP5CCSO0 0 0 0 TP50VF

Remark The TPnCCRO, TPnCCR1, and TPnCNT registers are available for all channels.
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(3) V850ES/JE3-L

Channel Register name Bit position
7 6 5 4 3 2 1 0
TMPO TPOCTLO TPOCE 0 0 0 0 TPOCKS2 | TPOCKS1 | TPOCKSO
TPOCTLA1 0 TPOEST | TPOEEE 0 0 TPOMD2 | TPOMD1 | TPOMDO
TPOIOCO 0 0 0 0 TPOOLA TPOOE1 TPOOLO | TPOOEO
TPOIOC1 0 0 0 0 TPOIS3 TPOIS2 TPOIS1 TPOISO
TPOIOC2 0 0 0 0 TPOEES1 | TPOEESO | TPOETS1 | TPOETSO
TPOOPTO 0 0 TPOCCS1 | TPOCCSO0 0 0 0 TPOOVF
TMP1 TP1CTLO TP1CE 0 0 0 0 TP1CKS2 | TP1CKS1 | TP1CKSO
TP1CTLA 0 TP1EST | TP1EEE 0 0 TP1MD2 | TP1MD1 | TP1MDO
TP110CO 0 0 0 0 TP10OLA TP10OEA TP10OLO | TP1OEO
TP1I10C1 0 0 0 0 TP11S3 TP11S2 TP11S1 TP1ISO
TP110C2 0 0 0 0 TP1EES1 | TP1EESO | TP1ETS1 | TP1ETSO
TP10PTO 0 0 TP1CCS1 | TP1CCSO 0 0 0 TP10OVF
TMP2 TP2CTLO TP2CE 0 0 0 0 TP2CKS2 | TP2CKS1 | TP2CKSO
TP2CTL1 0 TP2EST | TP2EEE 0 0 TP2MD2 | TP2MD1 | TP2MDO
TP210CO 0 0 0 0 TP20LA TP20OE1 TP20OLO | TP20OEO
TP2I0C1 0 0 0 0 TP2IS3 TP2I1S2 TP2I1S1 TP21S0
TP2I0C2 0 0 0 0 TP2EES1 | TP2EESO | TP2ETS1 | TP2ETSO
TP20OPTO 0 0 TP2CCS1 | TP2CCSO 0 0 0 TP20OVF
TMP3 TP3CTLO TP3CE 0 0 0 0 TP3CKS2 | TP3CKS1 | TP3CKSO
TP3CTL1 0 TP3EST 0 0 0 TP3MD2 | TP3MD1 | TP3MDO
TP3IOCO 0 0 0 0 TP30OLA TP3OEH 0 0
TP3IOC1 0 0 0 0 TP3IS3 TP3IS2 0 0
TP3OPTO 0 0 TP3CCS1 | TP3CCSO 0 0 0 TP3OVF
TMP4 TP4CTLO TP4CE 0 0 0 0 TP4CKS2 | TP4CKS1 | TP4CKSO
TP4CTLA 0 TP4EST | TP4EEE 0 0 TP4MD2 | TP4MD1 | TP4MDO
TP410CO 0 0 0 0 TP40OLA TP40OE1 TP40OLO | TP4OEO
TP410C1 0 0 0 0 TP4IS3 TP41S2 TP41S1 TP41S0
TP4l10C2 0 0 0 0 TP4EES1 | TP4EESO | TP4ETS1 | TP4ETSO
TP40OPTO 0 0 TP4CCS1 | TP4CCSO0 0 0 0 TP4OVF
TMP5 TP5CTLO TP5CE 0 0 0 0 TP5CKS2 | TP5CKS1 | TP5CKSO
TP5CTLA 0 TP5EST | TP5EEE 0 0 TP5MD2 | TP5MD1 | TP5MDO
TP510C0 0 0 0 0 TP50LA1 TP50ET TP50L0 | TP50EO0
TP5I0C1 0 0 0 0 TP5IS3 TP5IS2 TP5IS1 TP5ISO
TP510C2 0 0 0 0 TP5EES1 | TP5EESO | TP5ETS1 | TP5ETSO
TP50PTO 0 0 TP5CCS1 | TP5CCSO0 0 0 0 TP50VF

Remark The TPnCCRO, TPnCCR1, and TPnCNT registers are available for all channels.
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6.2.3 Interrupts
The following three types of interrupt signals are used by TMPn:

(1) INTTPnCCO
This signal is generated when the value of the 16-bit counter matches the value of the CCRO buffer register, or
when a capture signal is input from the TIPnO pin.

(2) INTTPnCC1
This signal is generated when the value of the 16-bit counter matches the value of the CCR1 buffer register, or
when a capture signal is input from the TIPn1 pin.

(3) INTTPnOV
This signal is generated when the 16-bit counter overflows after incrementing up to FFFFH.
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6.3 Registers

The registers that control TMPn are as follows.

e TMPn control register 0 (TPnCTLO)

e TMPn control register 1 (TPnCTL1)

e TMPn 1/O control register 0 (TPnIOCO)

e TMPn 1/O control register 1 (TPnIOC1)

e TMPn 1/O control register 2 (TPnIOC2)

e TMPn option register 0 (TPNOPTO)

e TMPn capture/compare register 0 (TPnCCRO)
e TMPn capture/compare register 1 (TPnCCR1)
e TMPn counter read buffer register (TPNCNT)

Remark When using the functions of the TIPnO, TIPn1, TOPnO, and TOPn1 pins, see Table 4-17 Settings When
Pins Are Used for Alternate Functions.
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(1) TMPn control register 0 (TPnCTLO)
The TPnCTLO register is an 8-bit register that controls the operation of TMPn.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.
The same value can always be written to the TPnCTLO register by software.

Afterreset: 00H  R/W  Address: TPOCTLO FFFFF590H, TP1CTLO FFFFF5A0H,
TP2CTLO FFFFF5BOH, TP3CTLO FFFFF5COH,
TP4CTLO FFFFF5DOH, TP5CTLO FFFFFSEOH
<7> 6 5 4 3 2 1 0
TPRCTLO [ TPACE| 0 | 0 | 0 | 0 |TPnCKS2|TPnCKS1|TPnCKSO|
(n=0t05)
TPnCE TMPn operation control

0 TMPn operation disabled (TMPn reset asynchronouslyMN°®).
1 TMPn operation enabled. TMPn operation started.

TPnCKS2| TPnCKS1| TPnCKSO0 Internal count clock selection

n=0,2,4 n=1,85

0 0 0 fxx
0 0 1 fxx/2
0 1 0 fxx/4
0 1 1 fxx/8
1 0 0 fxx/16
1 0 1 fxx/32
1 1 0 fxx/64 fxx/256
1 1 1 fxx/128 fxx/512

Note TPnOPTO.TPnOVF bit, 16-bit counter, timer output (TOPNnO, TOPn1 pins)

Cautions 1. Set the TPnCKS2 to TPnCKSO0 bits when the TPnCE bit = 0.

When the value of the TPnCE bit is changed from 0 to 1, the
TPnCKS2 to TPnCKSO bits can be set simultaneously.
2. Be sure to clear bits 3 to 6 to “0”.
Remark fxx: Main clock frequency
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(2) TMPn control register 1 (TPnCTL1)
The TPnCTL1 register is an 8-bit register that controls the operation of TMPn.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W  Address: TPOCTL1 FFFFF591H, TP1CTL1 FFFFF5A1H,
TP2CTL1 FFFFF5B1H, TP3CTL1 FFFFF5C1H,
TP4CTL1 FFFFF5D1H, TP5CTL1 FFFFF5E1H
7 <6> <5> 4 3 2 1 0
TPCTL1 | 0 | TPnEST|TPnEEE| 0 | 0 |TPnMD2 |TPnMD1 | TPnMDO |
(n=0to 5)
TPnEST Software trigger control
0 —
1 Generate a valid signal for external trigger input.
e In one-shot pulse output mode: A one-shot pulse is output with writing
1 to the TPnEST bit as the trigger.

e In external trigger pulse output mode: A PWM waveform is output with
writing 1 to the TPnEST bit as the
trigger.

TPnEEE Count clock selection
0 Disable operation with external event count input.
(Perform counting with the internal 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.)
TPnMD2 | TPnMD1 | TPnMDO Timer mode selection

0 0 0 Interval timer mode

0 0 1 External event count mode

0 1 0 External trigger pulse output mode

0 1 1 One-shot pulse output mode

1 0 0 PWM output mode

1 0 1 Free-running timer mode

1 1 0 Pulse width measurement mode

1 1 1 Setting prohibited

Cautions 1. The TPnEST bit is valid only in the external trigger pulse output

mode or the 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.

3. Set the TPnEEE and TPnMD2 to TPnMDO bits when the timer
operation is stopped (TPNnCTLO.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”.
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(3) TMPn I/O control register 0 (TPnIOCO)
The TPnIOCO register is an 8-bit register that controls the operation of timer output (TOPn0, TOPn1 pins).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: O0H R/W  Address: TPOIOCO FFFFF592H, TP110CO FFFFF5A2H,
TP2I0C0 FFFFF5B2H, TP3I0OCO FFFFF5C2H,
TP4I0CO FFFFF5D2H, TP5I0C0 FFFFF5E2H
4 3 <2> 1 <0>
TPnioco | o | o | o | o |TPnoLt|TPnOE1 ] TPnOLO | TPROED |
(n=0to5)
TPnOLA TOPN1 pin output level settingN°te
0 TOPN1 pin starts output at high level
1 TOPN1 pin starts output at low level
TPnOE1 TOPN1 pin output setting
0 Timer output disabled
e When TPnOL1 bit = 0: Low level is output from the TOPn1 pin
e When TPnOL1 bit = 1: High level is output from the TOPn1 pin
1 Timer output enabled (a pulse is output from the TOPn1 pin).
TPnOLO TOPNO pin output level settingN°te
0 TOPNO pin starts output at high level
1 TOPNO pin starts output at low level
TPnOEO TOPNO pin output setting
0 Timer output disabled
e When TPnOLO bit = 0: Low level is output from the TOPnO pin
e When TPnOLO bit = 1: High level is output from the TOPnO pin
1 Timer output enabled (a pulse is output from the TOPNO pin).
Note The output level of the timer output pin (TOPnm) specified by the
TPnOLm bit is shown below (m =0, 1).
e When TPnOLm bit =0 e When TPnOLm bit = 1
16-bit counter I ) 16-bit counter I J
TPnCE bit _ TPnCE bit _ [
TOPNm output pin _i_|_ TOPNm output pin _i_,_
Cautions 1. Rewrite the TPnOL1, TPnOE1, TPnOLO, and TPnOEOQ 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) TMPn I/O control register 1 (TPnlOC1)
The TPnlOC1 register is an 8-bit register that controls the valid edge of the capture trigger input signals (TIPnO,
TIPn1 pins).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

Afterreset: 00H R/W  Address: TPOIOC1 FFFFF593H, TP110C1 FFFFF5A3H,
TP2I0C1 FFFFF5B3H, TP3IOC1 FFFFF5C3H,
TP4I0C1 FFFFF5D3H, TP5I0C1 FFFFF5E3H
4 3 2 1 0
TPrioct [ o | o | o | o | TPnis3 | TPnis2 | TPnist | TPnisO |
(n=0to5)
TPnIS3 | TPnIS2 Capture trigger input signal (TIPn1 pin) valid edge setting
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
TPnIS1 | TPnISO Capture trigger input signal (TIPnO pin) valid edge setting
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
Cautions 1. Rewrite the TPnIS3 to TPnISO 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.
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(5) TMPn I/O control register 2 (TPnlOC2)
The TPnlOC2 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).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: TPOIOC2 FFFFF594H, TP110C2 FFFFF5A4H,
TP2I0C2 FFFFF5B4H, TP3IOC2 FFFFF5C4H,
TP4I0C2 FFFFF5D4H, TP510C2 FFFFF5E4H
4 3 2 1 0
tPniocz | o | o | o | o |[tPnEEst|TPnEESO|TPRETST|TPNETSO]
(n=0t05)
TPnEES1| TPnEESO| External event count input signal (TIPnO pin) valid edge setting
0 0 No edge detection (external event count invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges
TPnETS1| TPnETSO| External trigger input signal (TIPnO pin) valid edge setting
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
Cautions 1. Rewrite the TPnEES1, TPnEESO, TPnETS1, and TPnETSO0
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 TPnCTL1.TPnMDO bits
= 001) has been set.

3. The TPnETS1 and TPnETSO bits are valid only when the
external trigger pulse output mode (TPnCTL1.TPnMD2 to
TPnCTL1.TPnMDO bits = 010) or the one-shot pulse
output mode (TPnCTL1.TPnMD2 to TPnCTL1.TPnMDO =
011) is set.
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(6) TMPn option register 0 (TPnOPTO0)
The TPnOPTO register is an 8-bit register used to set the capture/compare operation and indicate the detection of
an overflow.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

Afterreset: 00H ~ R/W  Address: TPOOPTO FFFFF595H, TP1OPTO FFFFF5A5H,
TP20PTO FFFFF5BSH, TP3OPTO FFFFF5C5H,
TP4OPTO FFFFF5D5H, TP5SOPTO FFFFFSE5H

6 5 4 3 2 1 <0>
TPnOPTO | 0 0 |TPnccsi[TPnccsol o 0 | TPnOVF|
(n=0to5)
TPnCCSH1 TPnCCRT1 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.

TPnCCSO0 TPnCCRQO 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.

TPnOVF TMPn overflow detection flag
0 TPnOVF bit 0 written or TPNCTLO.TPnCE bit =0
1 Overflow occurred

* The TPnOVF bit is set 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 setto 1. The INTTPnOV signal is not generated in modes other
than the free-running timer mode and the pulse width measurement mode.

* The TPnOVF bit is not cleared even when the TPnOVF bit or the TPnOPTO
register are read when the TPnOVF bit = 1.

* 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.

Cautions 1. Rewrite the TPnCCS1 and TPnCCSO0 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 to 3,6, and 7 to “0”.
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(7) TMPn capture/compare register 0 (TPnCCRO0)
The TPnCCRO register can be used as a capture register or a compare register depending on the mode.

This register can be selected as a capture register or a compare register only in the free-running timer mode,
according to the setting of the TPNnOPTO.TPnCCSO0 bit. In the pulse width measurement mode, the TPnCCRO
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.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

Caution Accessing the TPNnCCRO register is prohibited in the following statuses. Moreover, if the system

is in the wait status, the only way to cancel the wait status is to execute a reset. For details, see
3.4.9 (1) Accessing specific on-chip peripheral I/O registers.

¢ When the CPU operates on the subclock and main clock oscillation is stopped

¢ When the CPU operates on the internal oscillator clock

After reset: 0000H ~R/W  Address:  TPOCCRO FFFFF596H, TP1CCRO FFFFF5A6H,
TP2CCRO FFFFF5B6H, TP3CCRO FFFFF5CEH,
TP4CCRO FFFFF5D6H, TP5CCRO FFFFF5E6H

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
wccro | [ | L [ [ L[ P[]

(n=0to5)
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(a) Function as compare register
The TPnCCRO register can be rewritten even when the TPnCTLO.TPnCE bit = 1.
The set value of the TPNnCCRO 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 (INTTPnCCO0)
is generated. If TOPNO pin output is enabled at this time, the output of the TOPNO pin is inverted (For details,
see the descriptions of each operating mode.).
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.

(b) Function as capture register
When the TPnCCRO 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 6-3. 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 -

Remark For details about anytime write and batch write, see 6.4 (2) Anytime write and batch write.
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(8) TMPn capture/compare register 1 (TPnCCR1)
The TPnCCR1 register can be used as a capture register or a compare register depending on the mode.
This register can be selected as a capture register or a compare register only in the free-running timer mode,
depending on the setting of the TPNnOPTO.TPnCCS1 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 or written in 16-bit units.
Reset sets this register to 0000H.

Caution Accessing the TPnCCR1 register is prohibited in the following statuses. Moreover, if the system
is in the wait status, the only way to cancel the wait status is to execute a reset. For details, see
3.4.9 (1) Accessing specific on-chip peripheral I/O registers.
e When the CPU operates on the subclock and main clock oscillation is stopped
¢ When the CPU operates on the internal oscillator clock

After reset: 0000H R/W Address:  TPOCCR1 FFFFF598H, TP1CCR1 FFFFF5A8H,
TP2CCR1 FFFFF5B8H, TP3CCR1 FFFFF5C8H,
TP4CCR1 FFFFF5D8H, TP5CCR1 FFFFF5E8H

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

(n=0to 5)
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(a) Function as compare register
The TPNCCR1 register can be rewritten even when the TPnCTLO.TPnCE bit = 1.
The set value of the TPNnCCR1 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 (For details,
see the descriptions of each operating mode.).

(b) Function as capture register
When the TPnCCR1 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.

Table 6-4. 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 -

Remark For details about anytime write and batch write, see 6.4 (2) Anytime write and batch write.
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(9) TMPn counter read buffer register (TPNnCNT)
The TPnCNT register is a read buffer register from which the count value of the 16-bit counter can be read.
If this register is read when the TPnCTLO.TPnCE bit = 1, the count value of the 16-bit timer can be read.
This register is read-only, in 16-bit units.
The value of the TPNnCNT register is cleared to 0000H when the TPnCE bit = 0. If the TPnCNT register is read at
this time, the value of the 16-bit counter (FFFFH) is not read, but 0000H is read.
Because the TPnCE bit is cleared to 0, the value of the TPNCNT register is cleared to 0000H after reset.

Caution Accessing the TPnCNT register is prohibited in the following statuses. Moreover, if the system is
in the wait status, the only way to cancel the wait status is to execute a reset. For details, see
3.4.9 (1) Accessing specific on-chip peripheral I/O registers.
¢ When the CPU operates on the subclock and main clock oscillation is stopped
¢ When the CPU operates on the internal oscillator clock

After reset: 0000H R Address:  TPOCNT FFFFF59AH, TP1CNT FFFFF5AAH,
TP2CNT FFFFFSBAH, TP3CNT FFFFF5CAH,
TP4CNT FFFFFSDAH, TPS5CNT FFFFF5EAH
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
veeont | | [ L PP
(n=0to5)
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6.4 Operations

For the VB50ES/JC3-L, V850ES/JE3-L, the modes that can be enabled depend on each channel. The following table
shows the modes that can be enabled for each channel.

Table 6-5. TMPn Modes and Channels That Can Use These Modes (V850ES/JC3-L (40-pin))

Operating Mode TMPO TMP1 TMP2 TMP3 TMP4 TMP5

Interval timer mode Conditionally Conditionally Available Conditionally Not available Available
available " available " available "

External event count Not available Not available Available Not available Not available Available
mode
External trigger pulse Not available Not available Available Not available Not available Available
output mode
One-shot pulse output Not available Not available Available Not available Not available Available
mode
PWM output mode Not available Not available Available Not available Not available Available
Free-running timer mode Not available Not available Available Not available Not available Available
Pulse width Not available Not available Available Not available Not available Available
measurement mode

Note Because TIP0O, TIPO1, TOP00,TOPO1, TIP10, TIP11, TOP10, TOP11, TIP30, TIP31, TOP30, TOP31, TIP40,
TIP41, TOP40, and TOP41 do not exist, modes enabled by using these pins are not available.

Table 6-6. TMPn Modes and Channels That Can Use These Modes (V850ES/JC3-L (48-pin))

Operating Mode TMPO TMP1 TMP2 TMP3 TMP4 TMP5

Interval timer mode Conditionally Conditionally Available Conditionally Not available Available
available™™ available ™™ available "

External event count Conditionally Not available Available Not available Not available Available

mode available "

External trigger pulse Conditionally Not available Available Not available Not available Available

output mode available "

One-shot pulse output Conditionally Not available Available Not available Not available Available

mode available

PWM output mode Conditionally Not available Available Not available Not available Available
available™™

Free-running timer mode Conditionally Not available Available Not available Not available Available
available™

Pulse width Conditionally Not available Available Not available Not available Available

measurement mode available "

Note Because TIPO1, TOPO1, TIP10, TIP11, TOP10, TOP11, TIP30, TIP31, TOP30, TOP31, TIP40, TIP41, TOP40, and
TOP41 do not exist, modes enabled by using these pins are not available.
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Table 6-7. TMPn Modes and Channels That Can Use These Modes (V850ES/JE3-L)

Operating Mode TMPO TMP1 TMP2 TMP3 TMP4 TMP5

Interval timer mode Available Available Available Conditionally Available Available
available "*

External event count Available Available Available Not available Available Available

mode

External trigger pulse Available Available Available Conditionally Available Available

output mode available "

One-shot pulse output Available Available Available Conditionally Available Available

mode available "

PWM output mode Available Available Available Conditionally Available Available
available “*

Free-running timer mode Available Available Available Conditionally Available Available
available "

Pulse width Available Available Available Conditionally Available Available

measurement mode available "

Note Because TIP30 and TOP30 do not exist, modes enabled by using these pins are not available.

TMPn can execute the following operations:

Table 6-8. TMPn Operating Modes

Operating Mode TPnCTL1.TPnEST TIPnO Pin Capture/Compare | Compare Register Count Clock
Bit (External Trigger Register Setting Write
(Software Trigger Bit) Input)
Interval timer mode Invalid Invalid Compare only Anytime write Internal/external
External event count Invalid Invalid Compare only Anytime write External
modethel
External trigger pulse Valid Valid Compare only Batch write Internal

Note 2

output mode

One-shot pulse output Valid Valid Compare only Anytime write Internal
mode™*?

PWM output mode Invalid Invalid Compare only Batch write Internal/external
Free-running timer mode | Invalid Invalid Can be switched Anytime write Internal/external
Pulse width Invalid Invalid Capture only Not applicable Internal

Note 2

measurement mode

Notes 1. When using the external event count mode, specify that the valid edge of the TIPnO pin capture trigger input
is not detected (by clearing the TPnIOC1.TPnIS1 and TPnIOC1.TPnIS0 bits to 0).
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).
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(1) Basic counter operation
The basic operation of the 16-bit counter is described below. For more details, see the descriptions of each
operating mode.

(a) Starting counting
TMPn starts counting from FFFFH in all operating modes, and increments as follows: FFFFH, 0000H, 0001H,
0002H, 0003H....

(b) Clearing TMPn
TMPn is cleared to 0000H when its value matches the value of the compare register or when the value of
TMPn is captured upon the input of a valid capture trigger signal.
Note that when TMPn increments from FFFFH to 0000H immediately after it starts counting and following an
overflow, it does not mean that TMPn has been cleared. Consequently, the INTTPnCCO and INTTPnCCH1
interrupts are not generated in this case.

(c) Overflow
TMPn overflows after it increments from FFFFH to O000H in free-running timer mode and pulse width
measurement mode. An overflow sets the TPnOPTO.TPnOVF bit to 1 and generates an interrupt request
signal (INTTPnOV). Note that INTTPnOV will not be generated in the following cases:

o When TMPn has just started counting.

e When the compare value at which TMPn is cleared is specified as FFFFH.

¢ In pulse width measurement mode, when TMPn increments from FFFFH to 0000H after being cleared when
its value of FFFFH was captured.

Caution After the INTTPnOV overflow interrupt request signal occurs, be sure to confirm that the
overflow flag (TPnOVF) is set to 1.

(d) Reading TMPn while it is incrementing
TMPn can be read while it is incrementing by using the TPnCNT register.
Specifically, the value of TMPn can be read by reading the TPnCNT register while the TPnCLTO0.TPnCE bit is 1.
Note, however, that when the TPnCLTO.TPnCE bit is O, the value of TMPn is always FFFFH and the value of
the TPnCNT register is always 0000H.
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(2) Anytime write and batch write
The TPnCCRO and TPnCCR1 registers can be written even while TMPn is operating (that is, while the
TPnCTLO.TPnCE bit is 1), but the way the CCRO and CCR1 buffer registers are written differs depending on the
mode. The two writing methods are anytime write and batch write.

(a) Anytime write
This writing method is used to transfer data from the TPnCCRO and TPnCCR1 registers to the CCRO and
CCRH1 buffer registers any time while TMPn is operating.

Figure 6-2. Flowchart Showing Basic Anytime Write Operation

( START )

Initial settings

e Set value to TPnCCRa register
e Enable timer
(TPnCE bit = 1)
— Value of TPNCCRa register
transferred to CCRa buffer
register

Rewrite TPNnCCRa register
— New value transferred to CCRa
buffer reqgister

Timer operation

* 16-bit counter value matches value
of CCR1 buffer register'°te

* 16-bit counter value matches value
of CCRO buffer register

* 16-bit counter cleared and starts
incrementing again

!

Note The 16-bit counter is only cleared when its value matches the value of the CCRO buffer

INTTPnCC1 signal generated

INTTPnCCO signal generated

register, not the CCR1 buffer register.

Remarks 1. The flowchart applies to the case when TMPn is being used as an interval
timer.
2. a=0,1
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Figure 6-3. Anytime Write Timing

TPnCE bit =1
FFFFH Dot Dot
/ o
16-bit counter D11 D11 D12/ Diz,
0000H
TPnCCRO register Dot X Do2
CCRO buffer register OOOOHX Do X Doz
TPnCCRH1 register D11 X D12
| | [ [T T 1
CCR1 buffer register  0000H D11 X D12
INTTPnCCO signal
INTTPnCC1 signal
Remarks 1. Do1, Do2: Set value of TPnCCRO register
D11, D12: Set value of TPNnCCR1 register
2. The timing chart applies to the case when TMP is being used as an interval timer.

ROLUHO018EJ0200 Rev.2.00 Page 223 of 969
Mar 25, 2014 RENESANS



V850ES/JC3-L, V850ES/JE3-L OBCHAPTER 6 16-BIT TIMER/EVENT COUNTER P (TMP)

(b) Batch write

This writing method is used to transfer data from the TPnCCRO and TPnCCR1 registers to the CCRO and
CCR1 buffer registers all at once while TMPn is operating. The data is transferred when the value of the 16-bit
counter matches the value of the CCRO buffer register. Transfer is enabled by writing to the TPnCCR1 register.
Whether transfer of the next data is enabled or not depends on whether the TPnCCR1 register has been
written.

To specify the value of the rewritten TPNCCRO and TPnCCR1 registers as the 16-bit counter compare value
(that is, the value to be transferred to the CCRO and CCR1 buffer registers), the TPnCCRO register must be
rewritten before the value of the 16-bit counter matches the value of the CCRO buffer register, and then the
TPnCCRT1 register must be written. The value of the TPnCCRO and TPnCCR1 registers is then transferred to
the CCRO and CCR1 buffer registers when the value of the 16-bit counter matches the value of the CCRO
buffer register. Note that even if you wish to rewrite only the TPnCCRO register value, you must also write the
same value to the TPnCCRT1 register (that is, the same value as the value already specified for the TPnCCR1
register).
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Figure 6-4. Flowchart Showing Basic Batch Write Operation

START

Initial settings

o Set value to TPnCCRa register
e Enable timer (TPnCE bit = 1)
— Value of TPnCCRa register
transferred to CCRa buffer register

Rewrite TPNnCCRO register

Rewrite TPNnCCR1 register

Timer operation

¢ 16-bit counter value matches value of
CCR1 buffer registerN°te

* 16-bit counter value matches value of
CCRO buffer register

* 16-bit counter cleared and starts
incrementing again

* TPnCCRa register value transferred to
CCRa buffer register

Batch write enabled

INTTPnCC1 signal generated

INTTPnCCO signal generated

Note The 16-bit counter is only cleared when its value matches the value of the CCRO buffer register,

not the CCR1 buffer register.

Caution The process of writing to the TPNnCCR1 register includes enabling batch write. It is
therefore necessary to rewrite the TPnCCR1 register after rewriting the TPnCCRO

register.

Remarks 1. The flowchart applies to the case when TMPn is being used in the PWM output mode.

2. a=0,1
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Figure 6-5. Batch Write Timing

TPnCE bit =1
FFFFH —— Dot
Dos
Dis / Doz Doz 7B
16-bit counter D12/ D12 / D12/ D -~
0000H
TPnCCRO register Dot X Doz Dos
] L 1 [ ] L [ |
CCRO buffer register OOOOHX' Dot J Note 1D02 X' Note 1 Dos
\ | \ R {—Write the same value \
TPnCCR1 register Dis XNote2 D X Note 3 Dz
] L 1 ] L [ |
CCR1 buffer register 0000H D11 J D12 J D12
Note 1 Note 1

INTTPNnCCO signal

INTTPnCC1 signal

TOPNO pin output

TOPN1 pin output

Notes 1. Dos is not transferred because the TPnCCR1 register was not written.
D12 is transferred to the CCR1 buffer register upon a match with the
because the TPnCCR1 register was written (D12).

D12 is transferred to the CCR1 buffer register upon a match with the

because the TPnCCR1 register was written (D12).

Remarks 1. Do1, Doz, Dos: Set value of TPNCCRO register
D11, D12: Set value of TPNnCCR1 register

2. The timing chart applies to the case when TMPn is being used as in the PWM output mode.

TPnCCRO register value (Do)

TPnCCRO register value (Do2)
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6.4.1 Interval timer mode (TPnMD2 to TPnMDO bits = 000)

In the interval timer mode, setting the TPnCTLO.TPnCE bit to 1 generates an interrupt request signal (INTTPnCCO) at a
specified interval. Setting the TPnCE bit to 1 can also start the timer, which then outputs a square wave whose half cycle
is equal to the interval from the TOPNO pin.

Usually, the TPnCCR1 register is not used in the interval timer mode. Mask interrupts from this register by setting the
interrupt mask flag (TPnCCMK1).

Remarks 1. For how to set the TOPnNO pin, see Table 6-2 Pins Used by TMPn and Table 4-17 Settings When Pins
Are Used for Alternate Functions.
2. For how to enable the INTTPnCCO interrupt signal, see CHAPTER 19 INTERRUPT SERVICING/
EXCEPTION PROCESSING FUNCTION.

Figure 6-6. Configuration of Interval Timer

Clear
Count clock . Output .
selection } 16-bit counter controller ©TOPNO pin
Match si |
ivL’ &’ch sidna INTTPnCCO signal
TPnCE bit CCRQO buffer register

i

TPnCCRO register

Figure 6-7. Basic Timing of Operation in Interval Timer Mode

FFFFH

Do — Do — Do — Do —
16-bit counter

0000H

TPnCE bit

TPnCCRQO register
(CCRO buffer register) Do

TOPNO pin output

INTTPnCCO signal —| —| —| —|

Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1)
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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 in synchronization with
the count clock, and the counter starts incrementing. At this time, the output of the TOPNO pin is inverted and 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, 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 using the following expression:

Interval = (Set value of TPnCCRO register + 1) x Count clock cycle

An example of the register settings when the interval timer mode is used is shown in the figure below.

Figure 6-8. Register Settings in Interval Timer Mode (1/2)

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPnCKS2 TPnCKS1 TPnCKSO0
TPnCTLO | 01 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 01 ‘ 01 |

These bits select
the count clock.
0: Stop counting
1: Enable counting

(b) TMPn control register 1 (TPnCTL1)

TPnEST TPnEEE TPAMD2 TPRMD1 TPnMDO
TPnCTL1| 0 \ 0 \ 0/1Note

o | o [ o[ o] o]

0,0,0:
Interval timer mode

0: Increment TMPn based on
the count clock selected by
the TPnCKSO0 to TPnCKS2 bits.

1: Increment TMPn based on the
input of an external event
count signal.

Note The TPnEEE bit can only be set to 1 when the timer output (TOPn1) is used. Note that when
setting the TPnEEE bit to 1, the TPnCCRO and TPnCCR1 registers must be set to the same
value (that is, the same value as the value already specified for these registers). (For details, see
6.4.1 (2) (d) Operation of TPNnCCR1 register.)
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Figure 6-8. Register Settings in Interval Timer Mode (2/2)

(c) TMPn I/O control register 0 (TPnlIOCO0)

TPnOL1 TPnOE1 TPnOLO TPnOEO
TPnIOCOl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

0: Disable TOPNO pin output.
1: Enable TOPNO pin output.

Output level when TOPNO pin
is disabled:

0: Low level

1: High level

0: Disable TOPn1 pin output.
1: Enable TOPn1 pin output.

Output level when TOPn1
pin is disabled:

0: Low level

1: High level

(d) TMPn I/O control register 2 (TPnlOC2)

TPNEES1 TPNEESO TPNETS1 TPnETSO
TPnIOC2| 0 \ 0 \ 0 \ 0 \0/1"0*e 0/{Nete 0 \ 0 |

]

These bits select the valid
edge of the external event
count input (TIPnO pin).

Note The TPnEES1 and TPnEESO bits can only be set to 1 when the timer output (TOPn1) is used.
Note that when setting these bits to 1, the TPNCCRO and TPnCCR1 registers must be set to the
same value (that is, the same value as the value already specified for these registers).

(e) TMPn counter read buffer register (TPnCNT)
The value of the 16-bit counter can be read by reading this register.

(f) TMPn capture/compare register 0 (TPnCCRO0)
If the TPNCCRO register is set to Do, the interval is as follows:

Interval = (Do + 1) x Count clock cycle

(g) TMPn capture/compare register 1 (TPnCCR1)
Usually, the TPnCCR1 register is not used in the interval timer mode. However, because the set value of
the TPnCCRH1 register is transferred to the CCR1 buffer register and a compare match interrupt request
signal (INTTPnCC1) is generated when the value of the 16-bit counter matches the value of the CCR1
buffer register, interrupts from this register must be masked by setting the interrupt mask flag
(TPnCCMK1).

Remark TMPn 1/O control register 1 (TPnlOC1) and TMPn option register 0 (TPnOPTO) are not
used in the interval timer mode.
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(1) Operations in interval timer mode

Figure 6-9. Timing and Processing of Operations in Interval Timer Mode

FFFFH

. Do — Do — Do —
16-bit counter

0000H

TPnCE bit

TPnCCRO register
(CCRO buffer register) Do
TOPNO pin output

INTTPnCCO signal —| —| —|

<1> <2>

<1> Starting counting

(o )

Set up the registers Be sure to set up these registers before
TPnCTLO register setting the TPnCE bit to 1.

(TPNnCKSO to TPnCKS?2 bits)
TPnCTL1 register
TPnIOCO register
TPnCCRO register

Counting starts.
The TPnCKSO0 to TPnCKS2 bits can
be set here.

TPnCE bit =1

<2> Stopping counting

When counting is disabled (TPnCE bit = 0),
TPnCE bit=0 the counter is reset and counting stops.

C=
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(2) Using interval timer mode

(a) Operation when TPnCCRO register is set to 0000H
When the TPnCCRO register is set to 0000H, the INTTPnCCO signal is generated each count clock cycle from
the second clock cycle, and the output of the TOPNO pin is inverted.
The value of the 16-bit counter is always 0000H.

Figure 6-10. Operation of Interval Timer When TPnCCRO Register Is Set to 0000H

Count clock
16-bit counter FFFFH X 0000H X 0000H 0000H 0000H
TPnCE bit
TPnCCRO register 0000H

TOPNO pin output

INTTPnCCO signal

Interval time Interval time
Count clock cycle | Count clock cycle
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(b) Operation when TPnCCRO register is set to FFFFH
When the TPnCCRO register is set to FFFFH, the 16-bit counter increments up to FFFFH and is reset to
0000H in synchronization with the next increment timing. The INTTPnCCO signal is then 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 (TPNnOPTO.TPnOVF bit) set to 1.

Figure 6-11. Operation of Interval Timer When TPnCCRO Register Is Set to FFFFH

FFFFH

16-bit counter

0000H

TPnCE bit

TPnCCRQO register
(CCRO buffer register) FFFFH

TOPNO pin output

INTTPnCCO signal —l —l —l

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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(c) Notes on rewriting TPnCCRO register
When rewriting the value of the TPnCCRO register to a smaller value, stop counting first and then change the
set value.
If the value of the TPNnCCRO register is rewritten to a smaller value during counting, the 16-bit counter may
overflow.

Figure 6-12. Rewriting TPnCCRO Register

FFFFH

D1 — D1

16-bit counter
I ! D2 Do D2

0000H

TPnCE bit

TPnCCRO register D D
(CCRO buffer register) ! 2

TPnOLODbit L

TOPNO pin output

—

INTTPNnCCO signal —| —|

Interval time (1) Interval time (NG) Interval
time (2)

Remarks Interval time (1): (D1 + 1) x Count clock cycle
Interval time (NG): (10000H + D2 + 1) x Count clock cycle
Interval time (2): (D2 + 1) x Count clock cycle

If the value of the TPNCCRO register is changed from D+ to D2 while the counter value is greater than D2 but
less than D1, the TPNCCRO register value is transferred to the CCRO buffer register as soon as the register has
been rewritten. Consequently, the value that is compared with the 16-bit counter value is Dz.

Because the counter value has already exceeded D2, however, the 16-bit counter counts up to FFFFH,
overflows, and then counts up again from 0000H. When the counter value matches Dz, the INTTPnCCO signal
is generated and the output of the TOPnNO pin is inverted.

Therefore, the INTTPnCCO signal may not be generated at the interval “(D1 + 1) x Count clock cycle” or “(D2 +
1) x Count clock cycle” as originally expected, but instead may be generated at an interval of “(10000H + D2 +
1) x Count clock cycle”.
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(d) Operation of TPNCCR1 register
The TPNCCR1 register is configured as follows in the interval timer mode.

Figure 6-13. Configuration of TPnCCR1 Register

TPnCCRH1 register
tput .
CCR1 buffer register — cc?nlir?)ﬁer —(©) TOPn1 pin
{} Match signal INTTPnCCH signal
Clear
Count clock . Output .
selection 16-bit counter 1 controller © TOPRO pin
% Match signal INTTPnCCO signal
TPnCE bit CCRO buffer register
TPnCCRQO register
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If the value of the TPnCCR1 register is less than or equal to the 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 TOPnN1 pin outputs a square wave with the same cycle as that output by the TOPNO pin but with a different
phase.

A chart showing the timing of operations when the value of the TPnCCR1 register (D11) is less than or equal to
the value of the TPNCCRO register (Do1) is shown below.

Figure 6-14. Timing of Operations When Do1 > D11

FFFFH
Dot — Dot — Dot — Dot —
16-bit counter Dy, Z Dii Z Di1 Z D11 Z

0000H

TPnCE bit

TPnCCRO register
(CCRO buffer register)

TOPNO pin output

INTTPNCCO signal _l —l —l —l

TPnCCRH1 register D1

TOPN1 pin output

INTTPnCC1 signal —| _| —| —|
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If the value of the TPnCCRH1 register is greater than the value of the TPnCCRO register, the value of the 16-bit

counter will not match the value of the TPnCCR1 register. Consequently, the INTTPnCC1 signal is not
generated, nor is the output of the TOPn1 pin changed.
A chart showing the timing of operations when the value of the TPnCCR1 register (D11) is greater than the

value of the TPnCCRO register (Do1) is shown below.

Figure 6-15. Timing of Operations When Do1 < D11

FFFFH

16-bit counter

0000H

TPnCE bit

TPnCCRO register
(CCRO buffer register)

TOPNO pin output

INTTPNnCCO signal

TPnCCRH1 register
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INTTPnCC1 signal
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(3) Operation of interval timer based on input of external event count

(a) Operation
When the 16-bit counter is incrementing based on the valid edge of the external count input (TIPnO pin) in the
interval timer mode, one external event count valid edge must be input immediately after the TPnCE bit
changes from 0 to 1 to start the counter incrementing after the 16-bit counter is cleared from FFFFH to 0000H.
Once the TPNCCRO and TPnCCR1 registers are set to 0001H (that is, the same value as was previously set),
the TOPnN1 pin output is inverted every two counts of the 16-bit counter.
Note that the TPnCTL1.TPnEEE bit can only be set to 1 when timer output (TOPn1) is used based on the input
of an external event count.

Figure 6-16. Operation of Interval Timer Based on Input of External Event Count (TIPn0)

FFFFH

16-bit counter /OOOVOVW
0000H | —

TPnCE bit

External event
count input
(TIPNO pin input)

TPnCCRO register 0001H 0001H 0001H

[ —

TPnCCR1 register 0001H 0001H 0001H

TOPN1 pin output

2-count width 2-count width 2-count width

3 external event counts 2 external event counts | 2 external event counts
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6.4.2 External event count mode (TPnMD2 to TPnMDO bits = 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 timer output pins (TOPnO and TOPn1) cannot be used. To use the TOPn1 pin in the
external event count mode, first set the TPNnCTL1.TPnEEE bit to 1 in the interval timer mode (see 6.4.1 (3) Operation of
interval timer based on input of external event count).

Usually, the TPnCCR1 register is not used in the external event count mode.

Remarks 1. For how to set the TIPnO pin, see Table 6-2 Pins Used by TMPn and Table 4-15 Settings When Pins
Are Used for Alternate Functions.
2. For how to enable the INTTPnCCO interrupt signal, see CHAPTER 19 INTERRUPT SERVICING/
EXCEPTION PROCESSING FUNCTION.

Figure 6-17. Configuration of Interval Timer in External Event Count Mode

Clear
TIPnO pin Edge
(external event O— detector >— 16-bit counter
count input)
Match signal
& alch signa INTTPnCCO signal
TPnCE bit CCRO buffer register
TPnCCRO register

When the TPnCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0000H. The counter
increments each time the valid edge of the external event count input is detected, and the 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, the 16-bit counter is cleared to
0000H, and a compare match 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 the
specified number of times (that is, the value of the TPNnCCRO register + 1).
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Figure 6-18. Basic Timing of Operations in External Event Count Mode

FEFEH ,/‘\//\

\

Do Do + \‘\ Do

'

16-bit counter

0000H ! . 16-bit counter Do — 1 X Do 0000 X 0001

; External event
TPNCE bit : ! count input | | | | | |

J— ' ' (TIPNO pin input)

TPnCCRO register ' .' TPnCCRO register
(CCRO buffer register) Do ; (CCRO buffer register)

INTTPnCCO signal _| _| | INTTPnCCO signal |

External | External 1" External

Do

event event event
count count count
interval interval interval

(Do+1) (Do + 1) (Do+1)

Remark 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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An example of the register settings when the external event count mode is used is shown in the figure below.

Figure 6-19. Register Settings in External Event Count Mode (1/2)

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPnCKS2 TPnCKS1 TPnCKSO
TPnCTLO|0/1‘O‘O‘O‘O‘O‘O‘0|

‘ 0: Stop counting
1: Enable counting

(b) TMPn control register 1 (TPnCTL1)

TPnEST TPnEEE TPnMD2 TPnMD1 TPnMDO
TPnCTL1|0‘O‘O‘O‘O‘O‘O‘1|

0,0,1:
External event count mode

(c) TMPn I/O control register 0 (TPnlIOCO)

TPnOL1 TPnOE1 TPnOLO TPnOEO

TPnIOCOlO‘O‘O‘O‘O‘O‘O‘Ol
L 0: Disable TOPNO pin output

0: Disable TOPn1 pin output

(d) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPnEESO TPnETS1 TPnETSO

maioc2 | o | o | o | o | ot | on | o [ o |
These bits select the
valid edge of the external
event count input.
RO1UHO0018EJ0200 Rev.2.00 Page 240 of 969

Mar 25, 2014 RENESAS



V850ES/JC3-L, V850ES/JE3-L OBCHAPTER 6 16-BIT TIMER/EVENT COUNTER P (TMP)

Figure 6-19. Register Settings in External Event Count Mode (2/2)

(e) TMPn counter read buffer register (TPNnCNT)
The value of the 16-bit counter can be read by reading this register.

(f) TMPn capture/compare register 0 (TPnCCRO0)
When the TPnCCRO register is set to Do, the counter is cleared and a compare match interrupt request
signal (INTTPnCCO) is generated when the number of external events reaches (Do + 1).

(g) TMPn capture/compare register 1 (TPnCCR1)
The TPnCCR1 register is not usually used in the external event count mode. However, because the set
value of the TPnCCR1 register is transferred to the CCR1 buffer register and a compare match interrupt
request signal (INTTPnCC1) is generated when the value of the 16-bit counter matches the value of the
CCR1 buffer register, interrupts from this register must be masked by setting the interrupt mask flag
(TPNCCMK1).

Cautions 1. Do not set the TPnCCRO register to 0000H in the external event count mode.

2. Timer output cannot be used in the external event count mode. When using the timer
output based on the input of an external event count, first set the operating mode to
interval mode, and then specify “operation enabled” for the external event count
input (by setting the TPnCTL1.TPnMD2 to TPnMDO bits to 0, 0, 0 and setting the
TPnCTL1.TPnEEE bit to 1). For details, see 6.4.1 (3) Operation of interval timer based
on input of external event count.

Remarks TMPn I/O control register 1 (TPnlOC1) and TMPn option register 0 (TPnOPTO) are not used in
the external event count mode.
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(1) Operations in external event count mode

Figure 6-20. Timing and Processing of Operations in External Event Count Mode

FFFFH

Do —— Do —— Do —
16-bit counter

0000H

TPnCE bit

TPnCCRO register
(CCRO buffer register) Do
INTTPNnCCO signal —l —l —l

<1> <2>

<1> Starting counting

(o )

Set up the registers Be sure to set up these registers

TPnCTLO register before setting the TPnCE bit to 1.
(TPNCKSO to TPNCKS2 bits)

TPnCTLA1 register
TPnIOCO register
TPnIOC2 register
TPnCCRO register

Counting starts.
The TPNCKSO0 to TPnCKS2 bits can
be set here.

TPnCE bit =1

<2> Stopping counting

When counting is disabled (TPnCE bit = 0),
TPnCE bit=0 the counter is reset and counting stops.

C=
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(2) Using external event count mode

(a) Operation when TPnCCRO register is set to FFFFH
When the TPnCCRO register is set to FFFFH, the 16-bit counter increments up to FFFFH upon detection of the
valid edge of the external event count signal and is reset to 0000H in synchronization with the next increment
timing. The INTTPnCCO signal is then generated. At this time, the TPNOPTO.TPnOVF bit is not set to 1.

Figure 6-21. Operation When TPnCCRO Register Is Set to FFFFH

FFFFH

16-bit counter

0000H

TPnCE bit

TPnCCRO register
(CCRO buffer register) FFFFH

INTTPnCCO signal —l —l —l

External event | External event | External event
count signal count signal count signal
interval interval interval
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(b) Notes on rewriting TPnCCRO register
When rewriting the value of the TPnCCRO register to a smaller value, stop counting first and then change the
set value.
If the value of the TPNnCCRO register is rewritten to a smaller value during counting, the 16-bit counter may
overflow.

Figure 6-22. Rewriting TPnCCRO Register

FFFFH

16-bit t
6-bit counter Do Do Ds

0000H

TPnCE bit

TPnCCRO register
(CCRO buffer register)

INTTPnCCO signal —| —| —|

External event External event count signal |External event

D1 D2

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 counter value is greater than D2 but
less than D1, the TPnCCRO register value is transferred to the CCRO buffer register as soon as the register has
been rewritten. Consequently, the value that is compared with the 16-bit counter value is Dz.

Because the counter value has already exceeded D2, however, the 16-bit counter increments up to FFFFH,
overflows, and then increments up again from 0000H. When the counter value matches D2, the INTTPnCCO
signal is generated.

Therefore, the INTTPnCCO signal may not be generated at the valid edge of the external event count signal
when the external event count is “(D1 + 1)” or “(D2 + 1)” as originally expected, but instead may be generated at
the valid edge of the external event count signal when the external event count is “(10000H + D2 + 1)".
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(c) Operation of TPNCCR1 register
The TPNCCR1 register is configured as follows in the external event count mode.

Figure 6-23. Configuration of TPnCCR1 Register

TPnCCRT1 register

iy

CCR1 buffer register

{} Match signal INTTPnCC1 signal
Clear

ﬂmmmnC}—*-dggir :}* 16-bit counter

Match signal
J\/L a’ch signa INTTPnCCO signal

{}

TPnCE bit CCRO buffer register

i

TPnCCRO register

If the value of the TPnCCR1 register is less than or equal to the value of the TPnCCRO register, the
INTTPnCC1 signal is generated once per cycle.

A chart showing the timing of operations when the value of the TPnCCR1 register (D11) is less than or equal to
the value of the TPNCCRO register (Dot) is shown below.

Figure 6-24. Timing of Operations When Do1 > D11

FFFFH

Do1 — — [ [
16-bit counter D, Z D1 Z Di1 Z D11 Z

0000H

TPnCE bit

TPnCCRO register
(CCRO buffer register)

INTTPNnCCO signal —| —| —| —|

TPnCCR1 register D1

INTTPnCC1 signal —| —| —| —|
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If the value of the TPNnCCR1 register is greater than the value of the TPnCCRO register, the value of the 16-bit
counter will not match the value of the TPNCCR1 register and the INTTPnCC1 signal will not be generated.

A chart showing the timing of operations when the value of the TPnCCR1 register (D11) is greater than the
value of the TPnCCRO register (Do1) is shown below.

Figure 6-25. Timing of Operations When Do1 < D11
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16-bit counter

0000H
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(CCRO buffer register)
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6.4.3 External trigger pulse output mode (TPnMD2 to TPnMDO bits = 010)

In the external trigger pulse output mode, when the TPnCTLO.TPnCE bit is set to 1, TMPn waits for a trigger, which is
the valid edge of the external trigger input signal, and starts incrementing when this trigger is detected. TMPn then 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 instead of the external trigger, a square wave that has one cycle of the PWM waveform as half its cycle can also be
output from the TOPNO pin.

Remarks 1. For how to set the TIPnO, TOPnO, and TOPn1 pins, see Table 6-2 Pins Used by TMPn and Table 4-17
Settings When Pins Are Used for Alternate Functions.
2. For how to enable the INTTPnCCO and INTTPnCC1 interrupt signals, see CHAPTER 19 INTERRUPT
SERVICING/EXCEPTION PROCESSING FUNCTION.

Figure 6-26. Configuration of TMP in External Trigger Pulse Output Mode

TPnCCR1 register
) Edge T Transfer
TIPnO pin @ detector {}
'D—’ g Output
CCRH1 buffer register g controller —O© TOPN1 pin
. (RS-FF)
Software trigger {} Match sianal
generation atch signa INTTPRCCH1 signal
Count Count Output
clock start | 16-bit counter :[>> controller |—=@© TOPNO pin
selection control | (Toggle)
<> Match signal INTTPNCCO signal
TPnCE bit CCRO buffer register
{ } Transfer
TPnCCRO register
RO1UHO0018EJ0200 Rev.2.00 Page 247 of 969

Mar 25, 2014 RENESAS



V850ES/JC3-L, V850ES/JE3-L OBCHAPTER 6 16-BIT TIMER/EVENT COUNTER P (TMP)

Figure 6-27. Basic Timing of Operations in External Trigger Pulse Output Mode

FFFFH

Do

o 1 o~ o o

Do

16-bit counter

0000H

TPnCE bit

External trigger input _| _| _|
(TIPNO pin input)

TPnCCRO register D

(CCRO buffer register) 0

INTTPNnCCO signal —| —| —|

TOPNO pin outputNete
TPnCCR1 register D
(CCRH1 buffer register) !

INTTPNCC1 signal —| —| —| —|

TOPN1 pin output —

Wait |Active level Active level Active level
for |width (D1) width (D1) width (D1)
trigger
Cycle (Do+ 1) = Cycle (Do + 1) Cycle (Do + 1)

Note The output from the TOPnO pin can also be used as the input to the TIPnO pin. When using the
output from the TOPNnO pin as the input to the TIPnO pin, use a software trigger instead of an
external trigger.

When the TPnCE bit is set to 1, TMPn waits for a trigger. When the trigger is generated, the 16-bit counter is cleared
from FFFFH to 0000H, starts incrementing, and outputs a PWM waveform from the TOPn1 pin. If the trigger is generated
again while the counter is incrementing, the counter is cleared to 0000H and restarts incrementing, and the output of the
TOPNO pin is inverted. (The TOPn1 pin outputs a high level signal regardless of the status (high/low) when a trigger
occurs.)

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 INTTPnCCO compare match interrupt request signal is generated when the 16-bit counter increments next time
after its value matches the value of the CCRO buffer register, and the 16-bit counter is cleared to 0000H. The INTTPnCC1
compare match interrupt request signal is generated when the value of the 16-bit counter matches the value of the CCR1
buffer register.

Either the valid edge of the external trigger input signal or setting the software trigger (TPnCTL1.TPnEST bit) to 1 is
used as the trigger.
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Figure 6-28. Register Settings in External Trigger Pulse Output Mode (1/2)

(a) TMPn control register 0 (TPnCTLO)
TPnCE TPnCKS2 TPnCKS1 TPnCKS0
TacTof o | o | o | o | o [ o1 | o1 | on |

These bits select
the count clock.

0: Stop counting
1: Enable counting.

(b) TMPn control register 1 (TPnCTL1)
TPNEST TPnEEE TPAMD2 TPAMD1 TPnMDO
TPNCTL1 | 0 ‘ 0/1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 |

0,1,0:
External trigger pulse
output mode

Writing 1 generates
a software trigger.

(c) TMPn I/O control register 0 (TPnlOCO0)
TPnOL1 TPnOE1 TPnOLO TPnOEO

TPnlOCO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 0/1 ‘ 0/{Note 0/qNete

0: Disable TOPNO pin output
1: Enable TOPNO pin output

Output level when TOPNnO
pin is disabled:

0: Low level

1: High level

0: Disable TOPn1 pin output.
1: Enable TOPn1 pin output.

Active level of TOPn1 pin
output:

0: High level

1: Low level

e When TPnOL1 bit is 0: e When TPnOL1 bit is 1:

16-bit counter /I/I/I/I/ 16-bit counter /I/I/I/I/

TOPnt1pinoutput _ | [ L I L I TOPnipinoutput —1_ [ | [ L I L

Note Set this bit to 0 when not using the TOPNO pin in external trigger pulse output mode.
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Figure 6-28. Register Settings in External Trigger Pulse Output Mode (2/2)

(d) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPnEESO TPnETS1 TPnETSO
TPnIOC2 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 0/ |

T

These bits select the
valid edge of the
external trigger input.

(e) TMPn counter read buffer register (TPNCNT)
The value of the 16-bit counter can be read by reading this register.

(f) TMPn capture/compare registers 0 and 1 (TPnCCR0 and TPnCCR1)
If the TPnCCRO register is set to Do and the TPnCCR1 register is set to D1, the PWM waveform is as
follows:

PWM waveform cycle = (Do + 1) x Count clock cycle
PWM waveform active level width = D1 x Count clock cycle

Remark TMPn I/O control register 1 (TPnlOC1) and TMPn option register 0 (TPnOPTO) are not used in
the external trigger pulse output mode.
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(1) Operations in external trigger pulse output mode

Figure 6-29. Timing and Processing of Operations in External Trigger Pulse Output Mode (1/2)

FFFFH

16-bit counter Doo Doo D11 D11 Doo
Dio Dio Do D1o

0000H

TPnCE bit

External trigger input
(TIPNO pin input)

TPnCCRO register X Doo Dot Doo

CCRO buffer register X Doo X Dot X Doo

INTTPnCCO signal —| _| _| —| _| _|

TOPNO pin output —
(only when software
trigger is used) —

TPnCCR1 register X D1o D1o D1 X D1o
CCR1 buffer register X D1o X D1o X D11 X D1o
INTTPnCC1 signal —| |_| —| —| —| —|
TOPN1 pin output J |_| |
<1> <2> <3> <4> <5>
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Figure 6-29. Timing and Processing of Operations in External Trigger Pulse Output Mode (2/2)

<1> Starting counting <3> Changing the duty
Only the TPnCCR1 register
has to be written when only
changing the duty setting.
| After setting this register,
( START ) | the values of the TPnCCRa
‘ registers are transferred to
the CCRa buffer registers
Set the TPNCCR1 register when the counter is cleared.

Set up the registers Be sure to set up these
TPnCTLO register registers before setting
(TPNCKSO0 to TPNCKS2 bits) the TPnCE bit to 1.
TPnCTL1 register
TPnIOCO register

;ﬁ:é%%%r;%is;gr <4> Changing both the cycle and the duty

TPnCCR1 register When changing both the cycle and the
duty, do so in the order of cycle setting
then duty setting.

Counting starts.

The TPNCKSO to
. TPnCKS2 bits can ‘
TPnCE bit =1 be set here. After setting these registers,
Set the TPNCCRO register their values are transferred
Waiting for trigger to the CCRa buffer registers
when the counter is cleared.
Set the TPnCCR1 register
<2> Changing the cycle ‘
The TPnCCR1 register must
be written even when only
changing the‘ cycle setting. <5> Stopping counting
Set the TPnCCRO register TPnCE bit=0 Disables counting.
) After setting these STOP
Set the TPnCCR1 register registers, their values are
transferred to the CCRa
buffer registers when the
: counter is cleared.
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(2) Using external trigger pulse output mode
How to change the PWM waveform in the external trigger pulse output mode is described below.

(a) Changing the PWM waveform while the counter is incrementing
To change the PWM waveform while the counter is incrementing, write to the TPNnCCR1 register after changing
the waveform setting. When rewriting the TPnCCRa register after writing to the TPnCCR1 register, do so after
the INTTPnCCO signal has been detected.

Figure 6-30. Changing PWM Waveform While Counter Is Incrementing

FFFFH

Dot —74— Dot ——
16-bit counter Doo -4~ Doo -~ Doo -4~ Dit / D11 /
Do /| Do /| Do /]

0000H

TPnCE bit

External trigger input
(TIPNO pin input)

TPnCCRO register x Doo X Dot

CCRO buffer register Doo:

INTTPnCCO signal —| i _| _| _| —|

TOPNO pin outputete

TPnCCR1 register x D1o

CCR1 buffer register D1o

INTTPNCC1 signal 1 i 1

TOPN1 pin output

Rewrite the TPNCCR1 register
after rewriting the TPNnCCRO register.

Note The output from the TOPNO pin can also be used as the input to the TIPnO pin. When using the
output from the TOPNO pin as the input to the TIPnO pin, use a software trigger instead of an
external trigger.
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In order to transfer data from the TPnCCRa register to the CCRa buffer register, the TPnCCR1 register must be
written.

After data is written to the TPnCCR1 register, the value written to the TPnCCRa register is transferred to the
CCRa buffer register in synchronization with clearing of the 16-bit counter, and is used as the value to be
compared with the 16-bit counter value.

<1> To change both the cycle and active level width of the PWM waveform, first set the cycle to the
TPnCCRO register and then set the active level width to the TPnCCR1 register.

<2> 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 TPnCCR1 register (that is, the same value as the value already specified
for the TPNCCR1 register).

<3> To change only the active level width (duty factor) of the PWM waveform, only the TPnCCR1 register
has to be set.

Caution To rewrite the TPNnCCRO or TPnCCR1 register after writing the TPnCCR1 register, do so
after the INTTPnCCO signal has been generated; otherwise, the value of the CCRa buffer
register may become undefined because the timing of transferring data from the TPnCCRa
register to the CCRa buffer register conflicts with writing the TPnCCRa register.
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(b) Outputting a 0% or 100% PWM waveform
To output a 0% waveform, clear the TPnCCR1 register to 0000H. If the set value of the TPNCCRO register is
FFFFH, the INTTPnCC1 signal is generated periodically.

Figure 6-31. Outputting 0% PWM Waveform

Count clock |||||||||||||||||||
16-bit counter ~ FFFF X 0000 ::XDo—1X Do 0000X0001x ::XDO—1X Do 0000*

( ((
) )

)
TPnCE bit |
Trigger input | |

{( {
) d

TPnCCRO register Do B Do ) Do
fifi y

TPnCCR1 register 0000H 0000H 0000H
{( {
)] )]

INTTPNCCO signal

INTTPnCC1 signal

TOPN1 pin output

To output a 100% waveform, set the value of TPnCCRO register + 1 to the TPnCCR1 register. If the value of
the TPnCCRO register is FFFFH, a 100% waveform cannot be output.

Figure 6-32. Outputting 100% PWM Waveform

Count clock |||||||||||||||||||
16-bit counter ~ FFFF X 0000 ::XDo—1X Do 0000X0001x ::XDO—1X Do 0000*

) 3"
TPnCE bit
Trigger input | |

R R
)] )]

TPnCCRO register Do Do Do
! 1
)] )]

TPnCCR1 register Do + 1 Do + 1 Do + 1

INTTPNnCCO signal |

INTTPnCC1 signal

TOPN1 pin output

ROLUHO018EJ0200 Rev.2.00 Page 255 of 969
Mar 25, 2014 RENESANS



V850ES/JC3-L, V850ES/JE3-L OBCHAPTER 6 16-BIT TIMER/EVENT COUNTER P (TMP)

(c) Detection of trigger immediately before or after INTTPnCC1 generation
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 set to the active level, and the counter
continues incrementing. Consequently, the inactive period of the PWM waveform is shortened.

Figure 6-33. Detection of Trigger Inmediately After INTTPnCC1 Signal Was Generated

16-bit counter  FFFF .0000 x Di—-1 0000 x

External trigger input
(TIPNO pin input)

TPnCCRH1 register D1

INTTPnCC1 signal |

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 incrementing. The output signal of the
TOPN1 pin remains active. Consequently, the active period of the PWM waveform is extended.

Figure 6-34. Detection of Trigger Inmediately Before INTTPnCC1 Signal Is Generated

16-bit counter ~ FFFF 0000 x D1 - 2X X 0000 X 0001 x xD1 -1

External trigger input
(TIPnO pin input)

TPnCCRT1 register D+

INTTPnCC1 signal |

TOPN1 pin output

Extended
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(d) Detection of trigger immediately before or after INTTPnCCO generation
If the trigger is detected immediately after the INTTPnCCO signal is generated, the 16-bit counter is cleared to
0000H and continues incrementing. Therefore, the active period of the TOPn1 pin is extended by the amount
of time between the generation of the INTTPnCCO signal and the detection of the trigger.

Figure 6-35. Detection of Trigger Inmediately After INTTPnCCO Signal Was Generated

16-bit counter  FFFF .OOOO x o—1X Do 0000 OOOOX:

External trigger input
(TIPNO pin input) o

TPnCCRQO register B Do
)T
INTTPNnCCO signal . _l
T
——
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 set to the active level, and the counter
continues incrementing. Consequently, the inactive period of the PWM waveform is shortened.

Figure 6-36. Detection of Trigger Inmediately Before INTTPnCCO Signal Is Generated

|
16-bit counter ~ FFFF .OOOO x Do — 1X Do [X 0000 X 0001 X:

External trigger input _l

(TIPNO pin input)

TPnCCRO register Do

INTTPnCCO signal

TOPN1 pin output

et

Shortened
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(e) Timing of generating the compare match interrupt request signal (INTTPnCC1)
In the external trigger pulse output mode, the INTTPNCC1 signal is generated when the value of the 16-bit
counter matches the value of the TPNCCR1 register.

Figure 6-37. Timing of Generating Compare Match Interrupt Signal (INTTPnCC1)

Count clock
16-bit counter Di-2 X Di-1 D+ X D1+ 1 X Di+2
TPnCCR1 register D1

TOPN1 pin output

INTTPnCC1 signal
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6.4.4 One-shot pulse output mode (TPnMD2 to TPnMDO bits = 011)
In the one-shot pulse output mode, when the TPnCTLO.TPnCE bit is set to 1, TMPn waits for a trigger, which is the valid
edge of the external trigger input, and starts incrementing when this trigger is detected. TMPn then 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 signal while the 16-bit counter is incrementing, and the inactive level signal

when the counter is stopped (waiting for a trigger).

Remarks 1. For how to set the TIPn0O, TOPnO, and TOPn1 pins, see Table 6-2 Pins Used by TMPn and Table 4-17
Settings When Pins Are Used for Alternate Functions.

2. For how to enable the INTTPnCCO and INTTPnCC1 interrupt signals, sse CHAPTER 19 INTERRUPT
SERVICING/EXCEPTION PROCESSING FUNCTION.

Figure 6-38. Configuration of TMPn in One-Shot Pulse Output Mode

in © Edge
TIPnO pin dete?:tor

Software trigger
generation

TPnCCR1 register

Count clock
selection

TPnCE bit

{ ;7 Transfer
| .| Output
CCR1 buffer register o controller =@ TOPN1 pin
(RS-FF)
4, Matensignal INTTPnCC1 signal
Clear |
lof o Output
C%Lg:]tt;t?n ™ 16-bit counter | .| pcontroller —O TOPNO pin
(RS-FF)
# Match signal INTTPNCCO signal

CCRO buffer register

Transfer

i

TPnCCRO register
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Figure 6-39. Basic Timing of Operations in One-Shot Pulse Output Mode

FFFFH
Do —— Do N Do A
16-bit t Z Z Z
It counter D D D
0000H
TPnCE bit

External trigger input _| _| _|
(TIPNO pin input)
TPnCCRQO register x Do

INTTPNnCCO signal

TOPNO pin outputNete

TPnCCR1 register x D1
INTTPnCC1 signal —| —| —|

TOPN1 pin output

Wait| Delay | Active Delay |Active Delay |Active
for (D) level width (D) levelwidth (D1) level width
trigger (Do—-D1+1) (Do—D1+ 1) (Do—D1+ 1)

Note The output from the TOPNO pin can also be used as the input to the TIPnO pin. When using the output
from the TOPNO pin as the input to the TIPNnO pin, use a software trigger instead of an external trigger.

When the TPnCE bit is set to 1, TMPn waits for a trigger. When the trigger is generated, the 16-bit counter is cleared
from FFFFH to 0000H, starts incrementing, and outputs a one-shot pulse from the TOPn1 pin. After the one-shot pulse is
output, the 16-bit counter is set to 0000H, stops incrementing, 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 TPNnCCR1 register) x Count clock cycle
Active level width = (Set value of TPnCCRO register — Set value of TPnCCR1 register + 1) x Count clock cycle

The INTTPnCCO compare match interrupt request signal is generated when the 16-bit counter increments next time
after its value matches the value of the CCRO buffer register. The INTTPnCC1 compare match interrupt request signal is
generated when the value of the 16-bit counter matches the value of the CCR1 buffer register.

Either the valid edge of the external trigger input signal or setting the software trigger (TPnCTL1.TPnEST bit) to 1 is
used as the trigger.
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Figure 6-40. Register Settings in One-Shot Pulse Output Mode (1/2)

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPNCKS2 TPnCKS1 TPNCKSO
TPnCTLO|0/1‘O‘O‘O‘O‘OM‘OM‘OH'

These bits select
the count clock.

0: Stop counting
1: Enable counting

(b) TMPn control register 1 (TPnCTL1)
TPnEST TPnEEE TPnMD2 TPnMD1 TPnMDO
et o | on | o | o | o | o | 1 | 1]

0,1,1:
One-shot pulse output mode

Writing 1 generates a
software trigger.

(c) TMPn I/O control register 0 (TPnIOCO0)

TPnOL1 TPnOE1 TPnOLO TPnOEO
TPnIOCOl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1Note

0/1 Note

0: Disable TOPNO pin output.
1: Enable TOPNO pin output.

Output level when TOPnO
pin is disabled:

0: Low level

1: High level

0: Disable TOPn1 pin output
1: Enable TOPnN1 pin output

Active level of TOPn1 pin
output:

0: High level

1: Low level

e When TPnOL1 bit is 0: e When TPnOL1 bit is 1:

16-bit counter e | yd | 16-bit counter e | e |

TOPN1 pin output 1 L TOPN1 pin output LT LI

Note Set this bit to 0 when not using the TOPNO pin in the one-shot pulse output mode.
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Figure 6-40. Register Settings in One-Shot Pulse Output Mode (2/2)

(d) TMPn I/O control register 2 (TPnlOC2)

TPNEES1 TPnEESO TPnETS1 TPnETSO
TPnIOCZlO‘O‘O‘0‘0‘0‘0/1‘0/1'

These bits select the

valid edge of the external
trigger input.

(e) TMPn counter read buffer register (TPnCNT)
The value of the 16-bit counter can be read by reading this register.

(f) TMPn capture/compare registers 0 and 1 (TPnCCR0 and TPnCCR1)
If the TPNCCRO register is set to Do and the TPnCCR1 register is set to D1, the one-shot pulse is as
follows:
One-shot pulse active level width = (Do — D1 + 1) x Count clock cycle
One-shot pulse output delay period = D1 x Count clock cycle

Caution One-shot pulses are not output from the TOPn1 pin in the one-shot pulse output mode if
the value of the TPNnCCR1 register is greater than the value of the TPnCCRO register.

Remark TMPn 1/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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(1) Operations in one-shot pulse output mode

Figure 6-41. Timing and Processing of Operations in One-Shot Pulse Output Mode

FFFFH
Doo —
Dot —
16-bit counter ?
Dio D11
0000H
TPnCE bit
External trigger input _| _|
(TIPNO pin input)
TPnCCRO register x Doo Dot
INTTPnCCO signal _l _l
TPnCCRT1 register x D1o D11
INTTPnCC1 signal —| —|
TOPN1 pin output
<1> <2> <3>
<1> Starting counting <2> Changing the TPnCCRO and
TPnCCR1 register settings
! Because the TPNnCCRa
( START ) ‘ register value will be
transferred to the CCRa
buffer register as soon
Set the TPnCCF.iOt and TPnCCR1 as the TPNCCRa register
] registers is rewritten, it is
Set up the registers Be sure to set up these ‘ recommended to rewrite
TPnCTLO register registers before setting ‘ the TPNCCRa register
(TPnCKSO to TPNCKS2 bits) the TPNCE bit to 1. ! immediately after the
TPnCTL1 register INTTPNnCCRO signal is
TPnlOCO register generated.
TPnlOC2 register
TPnCCRO register <3> Stopping counting
TPnCCRH1 register
TPNCE bit = 0 Disables counting.
Counting starts.
. The TPnCKSO0 to TPnCKS2
TPnCE bit =1 bits can be set here.
Waiting for trigger.
( sop )
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(2) Using one-shot pulse mode

(a) Rewriting the TPNCCRa register
When rewriting the value of the TPnCCRa register to a smaller value, stop counting first and then change the
set value.
When changing the value of the TPnCCRO register from Doo to Dot and the value of the TPnCCR1 register from
D10 to D11, if the registers are rewritten under any of the following conditions, a one-shot pulse will not be output
as expected.

Condition 1 When rewriting the TPnCCRO register, if:
Doo > Do1 or,
Doo < 16-bit counter value < Do+

In the case of condition 1, the 16-bit counter will not be cleared and will overflow in the cycle in which the
new value is being written. The counter will be cleared for the first time at the newly written value (Do1).

Condition 2 When rewriting the TPnCCR1 register, if:
D1o > D11 or,
D10 < 16-bit counter value < D11

In the case of condition 2, the TOPn1 pin output cannot be inverted to the active level in the cycle in which
the new value is being written.

An example of what happens when condition 1 and condition 2 are satisfied in the same cycle is shown in
Figure 6-42.

The 16-bit counter increments up to FFFFH, overflows, and starts incrementing again from 0000H.

When the 16-bit counter value matches D11, the INTTPnCC1 signal is generated and the TOPn1 pin output is
set to the active level. Subsequently, when the 16-bit counter value matches Do1, the INTTPnCCO signal is
generated, the TOPN1 pin output is set to the inactive level, and the counter stops incrementing.
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Figure 6-42. Rewriting TPnCCRa Register

FFFFH

Doo —— Doo —— Doo
16-bit counter D1o / D1o / D1o Z Dot ——
D11 Z

0000H

TPnCE bit

External trigger input

(TIPnO pin input)

TPnCCRO register
(CCRO buffer register) Doo X Do

INTTPNCCO signal _l _l : _l

TOPNO pin outputN°te
TPnCCRH1 register

(CCR1 buffer register) x D1o X D11
INTTPnCC1 signal _l —l : _l

TOPN1 pin output

Delay Delay Delay
(D10) (D1o) (10000H + D11) L
Active level width Active level width T Active level width
- - Dot —D 1
(Doo — D10 + 1) (Doo — D10+ 1) <Condition 2> (Dot 1n+1)

<Condition 1>

Note The output from the TOPnO pin can also be used as the input to the TIPnO pin. When using the
output from the TOPnO pin as the input to the TIPnO pin, use a software trigger instead of an
external trigger.
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(b) Timing of generating the compare match interrupt request signal (INTTPnCC1)
In the one-shot pulse output mode, the INTTPnCC1 signal is generated when the value of the 16-bit counter
matches the value of the TPNnCCR1 register.

Figure 6-43. Timing of Generating Compare Match Interrupt Signal (INTTPnCC1)

Count clock
16-bit counter D1-2 X Di—-1 D1 X D1+ 1 X D1 +2
TPnCCR1 register D1

TOPN1 pin output

INTTPnCC1 signal
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6.4.5 PWM output mode (TPnMD2 to TPnMDO bits = 100)
In the PWM output mode, when the TPnCTLO.TPnCE bit is set to 1, TMPn outputs a PWM waveform from the TOPn1

pin.

A pulse that has one cycle of the PWM waveform as half its cycle can also be output from the TOPnNO pin.

Remarks 1. For how to set the TIPnO, TOPnNO, and TOPn1 pins, see Table 6-2 Pins Used by TMPn and Table 4-17

Settings When Pins Are Used for Alternate Functions.

2. For how to enable the INTTPnCCO and INTTPnCC1 interrupt signals, see CHAPTER 19 INTERRUPT
SERVICING/EXCEPTION PROCESSING FUNCTION.

Figure 6-44. Configuration of TMPn in PWM Output Mode

TPnCCR1 register

S

CCR1 buffer register

{} Match signal

Transfer
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INTTPnCCO signal
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Figure 6-45. Basic Timing of Operations in PWM Output Mode

FFFFH
Dot 74— Dot —4—
16-bit counter Doo 1~ Doo 4~ Doo o~ D11 / D11 /
D1o /] D1o /] Dio /|
0000H
TPnCE bit

TPnCCRO register

>
o

>
o

CCRO buffer register Doo X Dot

NTTPnCCO signal —| _| _| —| —|

TOPNO pin output

TPnCCRH1 register X D1o X D11

CCR1 buffer register D1o D11

INTTPnCC1 signal _| —| —| —| —|

TOPN1 pin output

Active period  Cycle Inactive period
(D10) (Doo + 1) (Doo — D10 + 1)

When the TPnCE bit is set to 1, the 16-bit counter is cleared from FFFFH to 0000H, starts incrementing, 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 TPnCCRa register while the counter is incrementing. The newly
written value is reflected when the value of the 16-bit counter matches the value of the CCRO buffer register and the 16-bit
counter is cleared to 0000H.

The INTTPnCCO compare match interrupt request signal is generated when the 16-bit counter increments next time
after its count value matches the value of the CCRO buffer register, and the 16-bit counter is cleared to 0000H. The
INTTPnCC1 compare match interrupt request signal is generated when the value of the 16-bit counter matches the value
of the CCR1 buffer register.

RO1UHO0018EJ0200 Rev.2.00 Page 268 of 969
Mar 25, 2014 RENESAS



V850ES/JC3-L, VB850ES/JE3-L CHAPTER 6 16-BIT TIMER/EVEVT COUNTER P (TMP)

Figure 6-46. Register Settings in PWM Output Mode (1/2)

(@) TMPn control register 0 (TPnCTLO)

TPnCE TPnCKS2 TPnCKS1 TPnCKSO0

TPnCTLO|0/1‘0‘0‘0‘0‘0/1‘0/1‘0/1'

These bits select
the count clockNete 1,

0: Stop counting.
1: Enable counting.

(b) TMPn control register 1 (TPnCTL1)
TPnEST TPnEEE TPnMD2 TPnMD1 TPnMDO
o | o |

TPnCTL1| 0 0 \ 0/ \ 0

1,0,0:
PWM output mode

0: Operate TMPn on count
clock selected by using
TPnCKSO0 to TPnCKS2 bits.

: Increment TMPn based on
external event count input
signal.

—_

(c) TMPn I/O control register 0 (TPnlIOCO)

TPnOL1 TPnOE1 TPnOLO TPnOEO
0/1Note2

taioco [ o [ o | o | o [ or | on [ommee:

0: Disable TOPNO pin output.
1: Enable TOPNO pin output.

Qutput level when TOPNnO
pin is disabled:

0: Low level

1: High level

0: Disable TOPn1 pin output.
1: Enable TOPn1 pin output.

Active level of TOPn1 pin
output:

0: High level

1: Low level

¢ When TPnOL1 bit is 0: e When TPnOL1 bitis 1:

16-bit counter /I/I/I/I/ 16-bit counter /I/I/I/I/

TOPni pinoutput _ —1_ 1L 1L I— TOPn1 pinoutput —_ ™11 I 1

Notes 1. The setting of these bits is invalid when the TPnCTL1.TPnEEE bit is 1.
2. Set this bit to 0 when not using the TOPnNO pin in the PWM output mode.
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Figure 6-46. Register Settings in PWM Output Mode (2/2)

(d) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPREESO TPnETS1 TPnETSO
TPnIOCZlO‘O‘O‘O‘Oﬁ‘OH‘ o‘ol

These bits select the
valid edge of the
external trigger input.

(e) TMPn counter read buffer register (TPnCNT)
The value of the 16-bit counter can be read by reading this register.

(f) TMPn capture/compare registers 0 and 1 (TPnCCR0 and TPnCCR1)
If the TPnCCRO register is set to Do and the TPnCCR1 register is set to D1, the PWM waveform is as
follows:

PWM waveform cycle = (Do + 1) x Count clock cycle
PWM waveform active level width = D1 x Count clock cycle

Remark TMPn I/O control register 1 (TPnlOC1) and TMPn option register 0 (TPnOPTO0) are not used in
the PWM output mode.
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(1) Operations in PWM output mode

Figure 6-47. Timing and Processing of Operations in PWM Output Mode (1/2)

FFFFH

16-bit counter

0000H

TPnCE bit

TPnCCRO register

CCRO buffer register

INTTPnCCO signal

TOPNO pin output

TPnCCR1 register

CCR1 buffer register

INTTPnCC1 signal

TOPN1 pin output

Dot Dot Dot
Doo Doo D11 D11 Doo
Dro Dro Do 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> <5>
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Figure 6-47. Timing and Processing of Operations in PWM Output Mode (2/2)

<1> Starting counting <3> Changing the duty
Only the TPnCCRH1 register
has to be written when only
changing the duty setting.

( START ) ‘
After setting this register,

Set the TPNCCR1 register the values of the TPnCCRa
registers are transferred to
Set up the registers Be sure to set up these ‘ the CCRa buffer registers
TPnCTLO register registers before setting ! when the counter is cleared.
(TPNCKSO to TPNCKS2 bits) the TPnCE bit to 1. 1
TPnCTL1 register
TPnlIOCO register

TPnlOC2 register X
TPnCCRO register <4> Changing both the cycle and the duty

TPnCCR1 register When changing both the cycle and the
duty, do so in the order of cycle setting
then duty setting.

Counting starts.
The TPnCKSO to \

TPnCE bit = 1 TPnCKS2 bits can After setting these registers,
be set here. Set the TPnCCRO register their values are transferred
to the CCRa buffer registers
when the counter is cleared.
Set the TPNCCR1 register
<2> Changing the cycle 1
The TPnCCR1 register must
be written even when only
changing the F:ycle setting. <55 Stopping counting
Set the TPNCCRO register TPnCE bit =0 Disables counting.
) After setting these STOP
Set the TPNCCR1 reglster registers’ their values
are transferred to the
CCRa buffer registers
! when the counter is cleared.
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(2) Using PWM output mode

(a) Changing the PWM waveform while the counter is incrementing
To change the PWM waveform while the counter is incrementing, write to the TPnCCR1 register after changing
the waveform setting. When rewriting the TPnCCRa register after writing to the TPNnCCR1 register, do so after
the INTTPnCCO signal has been detected.

Figure 6-48. Changing PWM Waveform While Counter Is Incrementing

FFFFH
Dot —4— Dot ——
16-bit counter Doo 1~ Doo 4~ Doo -~ D11 / D11 /
Do /| D1o / Dio /]
0000H
TPnCE bit

TPnCCRO register

>

Doo| X Dot

CCRO buffer register Doo Dot
TPnCCR1 register X Dio X D11
CCR1 buffer register D1o D11

TOPN1 pin output

INTTPnCCO signal —| —| _| —| —|

In order to transfer data from the TPnCCRa register to the CCRa buffer register, the TPnCCR1 register must be
written.

After data is written to the TPnCCR1 register, the value written to the TPnCCRa register is transferred to the
CCRa buffer register in synchronization with clearing of the 16-bit counter, and is used as the value to be
compared with the 16-bit counter value.

<1> To change both the cycle and active level width of the PWM waveform, first set the cycle to the TPnCCRO
register and then set the active level width to the TPnCCR1 register.

<2> 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 TPnCCR1 register (that is, the same value as the value already specified for
the TPnCCRH1 register).

<3> To change only the active level width (duty factor) of the PWM waveform, only the TPnCCR1 register has
to be set.

Caution To rewrite the TPNnCCRO or TPNCCR1 register after writing the TPnCCR1 register, do so after
the INTTPnCCO signal has been generated; otherwise, the value of the CCRa buffer register
may become undefined because the timing of transferring data from the TPnCCRa register to
the CCRa buffer register conflicts with writing the TPnCCRa register.
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(b) Outputting a 0% or 100% PWM waveform
To output a 0% waveform, clear the TPnCCR1 register to 0000H.

Figure 6-49. Outputting 0% PWM Waveform

Count clock | | | | | | | | | | | | | | | | | | |
16-bit counter  FFFF X 0000 ::XDoo—1X Doo OOOOX 0001 x ::XDoo—1X Doo 0000
§

o

) 37
TPnCE bit

{ {(
)] )]

TPnCCRO register Doo Doo Doo
{ {(
! )

TPnCCRT1 register 0000H B 0000H B 0000H
)] )]

INTTPnCCO signal

INTTPNCC1 signal

TOPN1 pin output
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To output a 100% waveform, set the value of TPnCCRO register + 1 to the TPnCCR1 register. If the value of
the TPnCCRO register is FFFFH, a 100% waveform cannot be output.

Figure 6-50. Outputting 100% PWM Waveform

Count clock | | | | | | | | | | | | | | | | | | |
16-bit counter FFFF X 0000 ::XDOO_1X Doo OOOOX 0001 X ::XDOO_1X Doo 0000 x
§

)
TPnCE bit

{( {
)] )]

TPnCCRO register Doo Dao Doo
! 1
)] )]

TPnCCR1 register Doo + 1 Doo + 1 Doo + 1

INTTPNCCO signal |

INTTPnCC1 signal

TOPN1 pin output

(c) Timing of generating the compare match interrupt request signal (INTTPnCC1)
In the PWM output mode, the INTTPnCC1 signal is generated when the value of the 16-bit counter matches
the value of the TPNCCR1 register.

Figure 6-51. Timing of Generating Compare Match Interrupt Signal (INTTPnCC1)

Count clock
16-bit counter Di-2 X Di-1 D X D1 +1 X D1 +2
TPnCCRH1 register D1

TOPN1 pin output

INTTPnCC1 signal
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6.4.6 Free-running timer mode (TPnMD2 to TPnMDO bits = 101)

In the free-running timer mode, TMPn starts incrementing when the TPnCTLO.TPnCE bit is set to 1. At this time, the
TPnCCRa register can be used as a compare register or a capture register, according to the setting of the
TPnOPTO0.TPnCCSO0 and TPnOPTO0.TPnCCS1 bits.

Remarks 1. For how to set the TIPnO, TIPn1, TOPnO, and TOPn1 pins, see Table 6-2 Pins Used by TMPn and Table
4-17 Settings When Pins Are Used for Alternate Functions.
2. For how to enable the INTTPnCCO and INTTPnCC1 interrupt signals, sse CHAPTER 19 INTERRUPT

SERVICING/EXCEPTION PROCESSING FUNCTION.

Figure 6-52. Configuration of TMPn in Free-Running Timer Mode

TPnCCR1 register anl:trgﬁ;r —= O TOPn1Ne*2 pin output
(compare)
Z Z |~ anl:trgﬁ;r ——=© TOPnON** ! pin output
TPnCCRO register
(compare)
{} TPnCCSO0, TPnCCS1 bits
{} (capture/compare selection)
Internal count clock —{ Count
Edge - se?lecﬁ:t)n [ | 16-bit counter INTTPnOV signal
TIPnONet® pin ( j
(external event detector ~J
count input/ . 0
captrixre TPnCE bit 1 -~ INTTPnCCH1 signal
trigger input) Edge o
detector 0
TPnCCRO register INTTPnCCO signal

(capture) 1

TIPn1Nee2 pin ©—| Edge

(capture detector
trigger input) TPnCCRH1 register
(capture)

Notes 1. The external event count input/capture trigger input pin (TIPn0) can also be used as the timer
output pin (TOPNO); however, only one of these functions can be used at a time.
2. The capture trigger input pin (TIPn1) can also be used as the timer output pin (TOPn1);
however, only one of these functions can be used at a time.
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o Compare operation
When the TPnCE bit is set to 1, TMPn starts incrementing, and the output signals of the TOPn0O and TOPn1 pins are
inverted. When the value of the 16-bit counter later matches the set value of the TPnCCRa register, a compare
match interrupt request signal (INTTPnCCa) is generated, and the output signal of the TOPna pin is inverted.
The 16-bit counter continues incrementing in synchronization with the count clock. Once the counter reaches
FFFFH, it generates an overflow interrupt request signal (INTTPnQOV) at the next clock, is cleared to 0000H, and
continues incrementing. At this time, the overflow flag (the TPNOPTO.TPnOVF bit) is also set to 1. The overflow flag
must be cleared to 0 by executing a CLR1 software instruction.
The TPnCCRa register can be rewritten while the counter is incrementing. If it is rewritten, the new value is
immediately applied, and compared with the count value.

Figure 6-53. Basic Timing of Operations in Free-Running Timer Mode (Compare Function)

FFFFH
Doo Doo

. Dot Dot

16-bit counter
Dro Do D11 D11 D11/

0000H
TPnCE bit

TPnCCRQO register :X Doo Dot

INTTPRCCO signal _l —l —l —l

TOPNO pin output

TPNnCCRA1 register :X D10 X D11

INTTPnCC1 signal _l —l —l —l —I_

TOPN1 pin output

INTTPnOV signal —| —| —| —|

TPnOVF bit L

ClearedtoOby Clearedto Oby Clearedto0by Cleared to 0 by
CLR1 instruction CLR1 instruction CLR1 instruction CLR1 instruction
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e Capture operation

When the TPnCE bit is set to 1, the 16-bit counter starts incrementing. When it is detected that a valid edge as been
input to the TIPna pin, the value of the 16-bit counter is stored in the TPNCCRa register, and a capture interrupt
request signal (INTTPnCCa) is generated.

The 16-bit counter continues incrementing in synchronization with the count clock. When the counter reaches
FFFFH, it generates an overflow interrupt request signal (INTTPnQOV) at the next clock, is cleared to 0000H, and
continues incrementing. At this time, the overflow flag (the TPNnOPTO.TPnOVF bit) is also set to 1. The overflow flag
must be cleared to 0 by executing a CLR1 software instruction.

Figure 6-54. Basic Timing of Operations in Free-Running Timer Mode (Capture Function)

FFFFH
D1o
Doo Z D”Z D12 D1s /
16-bit counter Do+ Z /
Doz
Dos

0000H

TPnCE bit

TIPnO pin input

TPnCCRO register Doo Dot Doz Dos
INTTPNnCCO signal i | | i

TIPn1 pin input —l —l —l —|_
TPnCCR1 register D1o D11 D12 D13

INTTPNCC1 signal —| —| —| —|
INTTPNnOV signal —| —| —|

TPnOVF bit

Clearedto 0 by Clearedto 0 by Cleared to 0 by
CLR1 instruction CLR1 instruction CLR1 instruction

Remark The valid edge is the rising edge.
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Figure 6-55. Register Settings in Free-Running Timer Mode (1/2)

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPnCKS2 TPnCKS1 TPRCKSO
TPnCTLO|0/1‘ 0‘0‘ 0‘0‘0/1‘0/1‘0/1|

These bits select
the count clockNete,

0: Stop counting.
1: Enable counting.

Note The setting of these bits is invalid when the TPnCTL1.TPnEEE bit is 1.

(b) TMPn control register 1 (TPnCTL1)

TPnEST TPnEEE TPAMD2 TPnMD1 TPnMDO
TPnCTL1|O‘0‘O/1"°‘e o\o\1\o\1|

1,0, 1:
Free-running timer mode

0: Operate TMPn on count
clock selected by using
TPnCKSO0 to TPnCKS2 bits.

1: Increment TMPn based on
external event count input
signal.

Note The capture function of the TIPnO pin cannot be used if the TPnCTL1.TPnEEE bit is 1.

(c) TMPn I/O control register 0 (TPnlOCO0)

TPnOL1 TPnOE1 TPnOLO TPnOEO
0/1NoteZ|

TPnlOCO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ /1 Note 1 Q/iNete1 | (/qNote2

0: Disable TOPNO pin output.
1: Enable TOPNO pin output.

Qutput level when TOPnO
pin is disabled:

0: Low level

1: High level

0: Disable TOPn1 pin output.
1: Enable TOPN1 pin output.

Output level when TOPn1 pin
is disabled:

0: Low level

1: High level

Notes 1. The TOPn1 pin cannot be used when the TIPn1 pin is being used.
2. The TOPNO pin cannot be used when the TIPnO pin is being used.
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Figure 6-55. Register Settings in Free-Running Timer Mode (2/2)

(d) TMPn I/O control register 1 (TPnlOC1)

TPnIS3  TPnIS2  TPnIS1  TPnISO
TPnIOC1|O \ 0\0\0\0/1\0/1\0/1\0/1|

These bits select the valid

edge of the TIPnO pin input.

These bits select the valid
edge of the TIPn1 pin input.

(e) TMPn I/O control register 2 (TPnlOC2)

TPnEES1 TPREESO TPnETS1 TPnETSO
TPnIOCZlO‘O‘O‘O‘Oﬁ‘OM‘0‘0|

These bits select the valid
edge of the external event
count input.

(f) TMPn option register 0 (TPNOPTO0)

TPnCCS1 TPnCCSO0 TPnOVF
TPnOPTO | 0 ‘ 0 ‘ on ‘ 0/1 ‘ 0 ‘ 0 ‘ 0 ‘ 01 |

L Overflow flag

Specifies whether TPNnCCRO
register is used for capture
or compare.

Specifies whether TPNCCR1
register is used for capture
or compare.

(g) TMPn counter read buffer register (TPNnCNT)
The value of the 16-bit counter can be read by reading this register.

(h) TMPn capture/compare registers 0 and 1 (TPnCCR0 and TPnCCR1)
These registers function as capture registers or compare registers according to the setting of the
TPnOPTO.TPnCCSa bit.
When the registers function as capture registers, they store the value of the 16-bit counter when it is
detected that a valid edge has been input to the TIPna pin, after which the INTTPnCCa signal is
generated.
When the registers function as compare registers and when the TPnCCRa register is set to Da, the
INTTPnCCa signal is generated the when the counter reaches (Da + 1), and the output signal of the
TOPna pin is inverted.
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(1) Operations in free-running timer mode
The following two operations occur in the free-running timer mode:

e Capture operations
e Compare operations

(a) Using a capture/compare register as a compare register

Figure 6-56. Timing and Processing of Operations in Free-Running Timer Mode (Compare Function) (1/2)

FFFFH
Doo Doo
. Dot Dot
16-bit counter
Do D10 D11 D11 D11/
0000H
TPnCE bit

TPnCCRO register
(CCRO buffer register)

INTTPnCCO signal _| —| —| _|

TOPNO pin output
TPnCCRA1 register

(CCR1 buffer register) :X Do * D
INTTPnCC1 signal —| —| —| —| —|

TOPN1 pin output

INTTPnOV signal _| —| —| —|

O
8
o
2

TPnOVF bit [
<1> ClearedtoOby Clearedto 0 by Cleared to 0 by <3>
CLR1 instruction CLR1 instruction CLR1 instruction
<2> <2> <2>
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Figure 6-56. Timing and Processing of Operations in Free-Running Timer Mode (Compare Function) (2/2)

<1> Starting counting

(o)

Set up the registers Be sure to set up these registers

TPnCTLO register before setting the TPNCE bit to 1.

(TPnCKSO0 to TPnCKS2 bits)
TPnCTL1 register
TPnlIOCO register
TPnIOC2 register
TPnOPTO register
TPnCCRO register
TPnCCRH1 register

Counting starts.
TPnCE bit = 1 The TPnCKSO0 to TPNCKS2 bits can
be set here.

<2> Clearing overflow flag

Read TPnOPTO register
(check overflow flag)

TPnOVF bit =1

Execute instruction to clear
TPnOVF bit (CLR1 TPnOVF)

<3> Stopping counting

When counting is disabled
TPnCE bit=0 (TPnCE bit = 0), the counter

is reset and counting stops.
C STOP >
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(b) Using a capture/compare register as a capture register

Figure 6-57. Timing and Processing of Operations in Free-Running Timer Mode (Capture Function) (1/2)

FFFFH

16-bit counter

0000H

TPnCE bit

TIPNO pin input

TPnCCRO register
(CCRO buffer register)

INTTPnCCO signal
TIPn1 pin input

TPnCCRH1 register
(CCR1 buffer register)

INTTPnCC1 signal

INTTPNnOV signal

TPnOVF bit

Do
Doo /|

D11
Dot Z

>
Doz

Dos /

0000

Doo Dot

DosX 0000

0000

0000

<1>

Clearedto 0 by Cleared to 0 by
CLR1 instruction CLR1 instruction
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Figure 6-57. Timing and Processing of Operations in Free-Running Timer Mode (Capture Function) (2/2)

<1> Starting counting

D)

Set up the registers Be sure to set up these registers

TPnCTLO register before setting the TPnCE bit to 1.

(TPnCKSO0 to TPNCKS2 bits)
TPnCTL1 register
TPnIOC1 register
TPnOPTO register

Counting starts.
TPnCE bit = 1 The TPNCKSO0 to TPNCKS2 bits can
be set here.

<2> Clearing overflow flag

Read TPnOPTO register
(check overflow flag)

TPnOVF bit = 1

Execute instruction to clear
TPnOVF bit (CLR1 TPnOVF)

<3> Stopping counting

When counting is disabled
TPnCE bit=0 (TPnCE bit = 0), the counter

is reset and counting stops.
C sToP >
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(2) Using free-running timer mode

(a) Interval operation using the TPnCCRa register as a compare register
When TMPn is used as an interval timer with the TPnCCRa register used as a compare register, the
comparison value at which the next interrupt request signal is generated each time the INTTPnCCa signal has
been detected must be set by software.

Figure 6-58. Interval Operation of TMPn in Free-Running Timer Mode

FFFFH

D Doz

Doo10 / /

16-bit counter D11 Dan
Dot / D12

0000H

Dis Doa

TPnCE bit

TPnCCRO register
(CCRO buffer register) Doo Dot Doz Dos Doa Dos

INTTPnCCO signal 1 1 1 1 1

TOPnN pin output

Interval period Interval period Interval period Interval period Interval period

(Dw+1)  (10000H+  (Dee—Dot) ~ (10000H+  (10000H +
Dot — Doo) Dos — De2) Dos — Dog)
TPnCCRH1 register
(CCR1 buffer register) D10 X D11 X D12 X D13 X D14

INTTPnCC1 signal —| —| _| —|

TOPN1 pin output

Interval period Interval period Interval period Interval period
(Do + 1) (10000H + (10000H + (10000H +
D1|—D1o) D|2—Dn) Dws—Dwz)

When performing an interval operation in the free-running timer mode, two intervals can be set for one channel.
To perform the interval operation, the value of the corresponding TPnCCRa register must be set again in the
interrupt servicing that is executed when the INTTPnCCa signal is detected.

The value to be set in this case can be calculated by the following expression, where “Da” is the interval period.

Compare register default value: Da — 1
Value set to compare register second and subsequent time: Previous set value + Da
(If the calculation result is greater than FFFFH, subtract 10000H from the result and set the register to this

value.)
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(b) Pulse width measurement using the TPnCCRa register as a capture register
When pulse width measurement is performed with the TPnCCRa register used as a capture register, each time
the INTTPnCCa signal has been detected, the capture register must be read and the interval must be
calculated by software.

Figure 6-59. Pulse Width Measurement by TMPn in Free-Running Timer Mode

FFFFH

D Doz

Doo10 / /

16-bit counter D11 DosZ
Dot / D12

0000H

Dis Doa

TPnCE bit

TIPNO pin input —l _l | —l —l

TPnCCRO register
(CCRO buffer register) 0000H Doo Do Doz Dos Do«

INTTPNCCO signal _l —l | —l —l

Pulse interval Pulse interval Pulse interval Pulse interval Pulse interval

(Dwo) (10000H+  (Dee-Der)  (10000H+  (10000H +
Dot — Doo) Dos — Do) Dos — Dos)
TIPn1 pin input _| —| —| —|
TPnCCR1 register
(CCR1 buffer register) 0000H Dro D1 D2 D1

INTTPnCC1 signal —| —| —| —|

Pulse interval Pulse interval Pulse interval Pulse interval

(D10) (10000H + (10000H + (10000H +
D11 — D1o) D12 — D11) D13 — D12)
INTTPnOV signal _| _| _|

TPnOVF bit

Clearedto O by Clearedto 0 by Cleared to 0 by
CLR1 instruction CLR1 instruction CLR1 instruction

When executing pulse width measurement in the free-running timer mode, two pulse widths can be measured
for one channel.

When measuring a pulse width, the pulse width can be calculated by reading the value of the TPnCCRa
register in synchronization with the INTTPnCCa signal, and calculating the difference between that value and
the previously read value.
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(c) Processing an 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.

Figure 6-60. Example of Incorrect Processing When Two Capture Registers Are Used

FFFFH

D11
16-bit counter D; /
Doo Dot

0000H

TPnCE bit

TIPnO pin input -| -|

TPnCCRO register Doo Do+

TIPn1 pin input -| -|

TPnCCRH1 register D1o D11

INTTPNnOV signal -| -|

TPnOVF bit

<1> <2> <3> <4>

The following problem may occur when two pulse widths are measured in the free-running timer mode.

<1> The TPnCCRO register is read (the default value of the TIPnO pin input is set).
<2> The TPnCCRH1 register is read (the default value of the TIPn1 pin input is set).
<3> The TPnCCRO register is read.
The TPnOVF bit is read. If the TPnOVF bit is 1, it is cleared to 0.
Because the TPnOVF bit is 1, the pulse width can be calculated by (10000H + Do1 — Doo).
<4> The TPnCCR1 register is read.
The TPnOVF bit is read. Because the bit was cleared in <3>, 0 is read.
Because the TPnOVF bit is 0, the pulse width can be calculated by (D11 — D10) (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.
This problem can be resolved by using software, as shown in the example below.
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Figure 6-61. Example of Resolving Problem When Two Capture Registers Are Used By Using Overflow Interrupt

FFFFH

D11
16-bit counter D; /
Doo Do1

0000H

TPnCE bit

INTTPNnOV signal -| -|

TPnOVF bit

TPnOVFO flagh°*®

TIPNO pin input

TPnCCRO register Doo Do+

TPnOVF1 flagh®®

TIPn1 pin input

TPnCCR1 register D1o D11

<1> <2> <3> <4> <5> <6>

Note The TPNnOVFO and TPnOVF1 flags are set on the internal RAM by software.

<1> The TPnCCRO register is read (the default value of the TIPnO pin input is set).
<2> The TPnCCR1 register is read (the default value of the TIPn1 pin input is set).
<3> An overflow occurs. The TPnOVFO and TPnOVF1 flags are set to 1 in the overflow interrupt
servicing, and the TPnOVF bit is cleared to 0.
<4> The TPnCCRO register is read.
The TPnOVFO flag is read. The TPnOVFO flag is 1, so it is cleared to 0.
Because the TPnOVFO flag was 1, the pulse width can be calculated by (10000H + Dot — Doo).
<5> The TPnCCR1 register is read.
The TPnOVF1 flag is read. The TPnOVF1 flag is 1, so it is cleared to 0 (the TPnOVFO flag was
cleared in <4>; the TPnOVF1 flag remained 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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Figure 6-62. Example of Resolving Problem When Two Capture Registers Are Used Without Using Overflow
Interrupt

FFFFH

D11
16-bit counter D} /
Do1

Doo

0000H

TPnCE bit

INTTPnOV signal -| -|

TPnOVF bit

TPnOVFO flagh®'

TIPNO pin input

TPnCCRO register Doo Dot

TPnOVF1 flagh®®

TIPn1 pin input

TPnCCR1 register D1o D11

<1> <2> <3> <4> <5> <6>
Note The TPnOVFO and TPnOVF1 flags are set on the internal RAM by software.

<1> The TPnCCRO register is read (the default value of the TIPnO pin input is set).
<2> The TPnCCR1 register is read (the default value of the TIPn1 pin input is set).
<3> An overflow occurs. There is no software processing.
<4> The TPnCCRO register is read.
The TPnOVF bit is read. The TPnOVF bit is 1, so only the TPnOVF1 flag is set (to 1); the TPnOVF
bit is cleared to 0.
Because the TPnOVF bit is 1, the pulse width can be calculated by (10000H + Dot — Doo).
<5> The TPnCCR1 register is read.
The TPnOVF bit is read. The TPnOVF bit was cleared to 0 in <4>, so 0 is read.
The TPnOVF1 flag is read. The TPnOVF1 flagis 1, so it is cleared to 0.
Because the TPnOVF1 flag was 1, the pulse width can be calculated by (10000H + D11 — Do)
(correct).
<6> 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 between the first capture trigger and the next. First, an example of incorrect
processing is shown below.

Figure 6-63. Example of Incorrect Processing When Capture Trigger Interval Is Long (When Using TIPn0)

FFFFH o

16-bit counter

Dm/
0000H

TPnCE bit

TIPNO pin input

TPnCCRO register Dmo Dm1

INTTPNnOV signal -| -|

TPnOVF bit

1 cycle of 16-bit counter

Pulse width

<1> <2> <3> <4>
The following problem may occur when long pulse width is measured in the free-running timer mode.

<1> The TPnCCRO register is read (the default value of the TIPnO pin input is set).
<2> An overflow occurs. There is no software processing.
<3> An overflow occurs a second time. There is no software processing.
<4> The TPnCCRO register is read.
The TPnOVF bit is read. The TPnOVF bit is 1, so it is cleared to 0.
Because the TPnOVF bit was 1, the pulse width can be calculated by (10000H + Dat — Dao)
(incorrect).
Actually, the pulse width should be (20000H + Dat — Dao) because an overflow occurred 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 to resolve the problem. An example of how to use software to resolve the problem is shown below.
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Figure 6-64. Example of Using Software Processing to Resolve Problem When Capture Trigger Interval Is Long
(When Using TIPn0)

FFFFH

Dmo

16-bit counter

Dm/
0000H

TPnCE bit

TIPNO pin input

TPnCCRO register Drmo Dt
INTTPNnOV signal -| -|
TPnOVF bit —l —l
counter

1 cycle of 16-bit counter

Pulse width

<1> <2> <3> <4>

Note The overflow counter is set on the internal RAM by software.

<1> The TPnCCRO register is read (the default value of the TIPnO pin input is set).
<2> An overflow occurs. The overflow counter is incremented and the TPnOVF bit is cleared to 0 in the
overflow interrupt servicing.
<3> An overflow occurs a second time. The overflow counter is incremented and the TPnOVF bit is
cleared to 0 in the overflow interrupt servicing.
<4> The TPnCCRO register is read.
The overflow counter is read.
— If the overflow counter is N, the pulse width can be calculated by (N x 10000H + Da1 — Dao).
In this example, because an overflow occurred twice, the pulse width is calculated as (20000H +
Dat — DaO).
The overflow counter is cleared to OH.

(e) Clearing the overflow flag (TPnOVF)
The overflow flag (TPnOVF) can be cleared to 0 by reading the TPnOVF bit and, if its value is 1, either clearing
the bit to 0 by using the CLR1 instruction or by writing 8-bit data (with bit 0 as 0) to the TPnOPTO register.
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6.4.7 Pulse width measurement mode (TPnMD2 to TPnMDO bits = 110)
In the pulse width measurement mode, TMPn starts incrementing when the TPnCTLO.TPnCE bit is set to 1. Each time
it is detected that a valid edge has been input to the TIPna pin, the value of the 16-bit counter is stored in the TPnCCRa

register, and the 16-bit counter is cleared to 0000H.
The interval of the valid edge can be measured by reading the TPnCCRa register after a capture interrupt request

signal (INTTPnCCa) occurs.
Select either the TIPnO or TIPn1 pin as the capture trigger input pin. Specify “No edge detected” by using the TPnIOC1

register for the unused pins.

Remarks 1. For how to set the TIPnO and TIPn1 pins, see Table 6-2 Pins Used by TMPn and Table 4-17 Settings

When Pins Are Used for Alternate Functions.
2. For how to enable the INTTPnCCO and INTTPnCC1 interrupt signals, see CHAPTER 19 INTERRUPT

SERVICING/EXCEPTION PROCESSING FUNCTION.

Figure 6-65. Configuration of TMPn in Pulse Width Measurement Mode

Clear
Count ]
ook ( } 16-bit counter INTTPNOV signal
INTTPnCCO signal
TPnCE bit
TI(PnOtpin@—> d;‘i%for | +— INTTPnCCH1 signal
capture
trigger input) TPNnCCRO register
(capture)
TIPn1 pin ©—{ Edge
(capture detector
trigger input) TPnCCR1 register
(capture)
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Figure 6-66. Basic Timing of Operations in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TPnCE bit

TIPna pin input

TPnCCRa register

INTTPnCCa signal

INTTPNnOV signal

TPnOVF bit

0000H

Do

D

D2 Ds

Cleared to 0 by
CLR1 instruction

When the TPnCE bit is set to 1, the 16-bit counter starts incrementing. When it is subsequently detected that a valid
edge has been input to the TIPna pin, the value of the 16-bit counter is stored in the TPNCCRa register, the 16-bit counter

is cleared to 0000H, and a capture interrupt request signal (INTTPnCCa) is generated.

The pulse width is calculated as follows.

Pulse width = Captured value x Count clock cycle

If a valid edge has not been input to the TIPna pin by the time the 16-bit counter has incremented up to FFFFH, an
overflow interrupt request signal (INTTPnQOV) is generated at the next count clock, and the counter is cleared to 0000H
and continues incrementing. At this time, the overflow flag (TPNOPTO.TPnOVF bit) is also set to 1. Clear the overflow flag

to 0 by executing the software instruction CLR1.
If the overflow flag is set to 1, the pulse width can be calculated as follows.

Pulse width = (10000H x Number of times the TPnOVF bit was set (1) + Captured value) x Count clock cycle
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Figure 6-67. Register Settings in Pulse Width Measurement Mode

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPnCKS2 TPnCKS1 TPNCKSO
TPnCTLO|0/1‘0‘0‘0‘0‘0/1‘0/1‘0/1|

These bits select the
count clock.
0: Stop counting.
1: Enable counting.

(b) TMPn control register 1 (TPnCTL1)

TPnEST TPnEEE TPAMD2 TPnMD1 TPnMDO
TPnCTL1|O‘O‘O‘O‘O‘1‘1‘O|

1,1,0:
Pulse width
measurement mode

(c) TMPn I/O control register 1 (TPnlOC1)

TPnIS3  TPnIS2  TPnIS1  TPNISO
TPnIOC1| 0 \ o\o‘ 0\0/1\0/1\0/1\0/1|

These bits select the valid

edge of the TIPnO pin input.

These bits select the valid
edge of the TIPn1 pin input.

(d) TMPn option register 0 (TPnOPTO0)

TPnCCS1 TPNCCSO TPNOVF
TPnOPTOlO‘O‘O‘O‘O‘O‘0‘0/1'

L

Overflow flag

(e) TMPn counter read buffer register (TPnCNT)
The value of the 16-bit counter can be read by reading this register.

(f) TMPn capture/compare registers 0 and 1 (TPnCCRO0 and TPnCCR1)
These registers store the 16-bit counter value upon detection of the input of a valid edge to the
TIPnO/TIPn1 pin.

Remark TMPn I/O control register 0 (TPnNIOCO) and TMPn 1/O control register 2 (TPnlOC2) are not
used in the pulse width measurement mode.
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(1) Operations in pulse width measurement mode

Figure 6-68. Timing and Processing of Operations in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TPnCE bit

TIPnO pin input

TPnCCRO register 0000H Do D1 DzX 0000H

INTTPnCCO signal —| —| —|

<1> <2>

<1> Starting counting

(o)

Set up the registers
TPnCTLO register
(TPnCKSO0 to TPNnCKS2 bits)
TPnCTLA1 register
TPnlIOC1 register
TPnOPTO register

Be sure to set up these registers
before setting the TPnCE bit to 1.

Set up the TPnCTLO register Counting starts.
(TPnCE bit = 1) The TPnCKSO to TPNCKS?2 bits can
be set here.

<2> Stopping counting

When counting is disabled (TPnCE bit = 0),
TPnCE bit=0 the counter is reset and counting stops.

=
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(2) Using pulse width measurement mode

(a) Clearing the overflow flag (TPnOVF)
The overflow flag (TPnOVF) can be cleared to 0 by reading the TPnOVF bit and, if its value is 1, either clearing
the bit to 0 by using the CLR1 instruction or by writing 8-bit data (with bit 0 as 0) to the TPnOPTO register.

6.4.8 Timer output operations

The following table shows the operations and output levels of the TOPn0O and TOPn1 pins.

Table 6-6. Timer Output Control in Each Mode

Operation Mode TOPn1 Pin TOPNO Pin
Interval timer mode Square wave output
External event count mode -
External trigger pulse output mode External trigger pulse output Square wave output

One-shot pulse output mode

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 6-7. Truth Table of TOPn0 and TOPn1 Pins Under Control of Timer Output Control Bits

TPnlOCO0.TPnOLa Bit TPnlOCO.TPnOEa Bit

TPnCTLO.TPnCE Bit

Level of TOPna 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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6.5 Selector (VB50ES/JE3-L only)

In the VB50ES/JE3-L, the selector can be used to specify the capture trigger input for TMP as either a signal input to a
port/timer alternate-function pin or peripheral I/O (TMP/UARTA) signal.
By using the selector, the following is possible:

e The TIP10 and TIP11 input signals of TMP1 can be selected as either the port/timer alternate-function pins (TIP10
and TIP11 pins) or the UARTA reception alternate-function pins (RXDAO and RXDA1).
— When the RXDAO or RXDA1 signal of UARTO or UART1 is selected, the baud rate error in LIN reception transfer of
UARTA can be calculated.

Cautions 1. When using the selector, set the capture trigger input of TMP before connecting the timer.
2. When setting the selector, first disable the peripheral I/0 to be connected (TMP or UARTA).

The capture input for the selector is specified by the following register.

(1) Selector operation control register 0 (SELCNTO)
The SELCNTO register is an 8-bit register that selects the capture trigger for TMP1.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00OH R/W Address: FFFFF308H

<4> <3> 2 1 0
setento | o | o | o [sea [isEs| o | o [ o |
ISEL4 Selection of TIP11 input signal (TMP1)

0 TIP11 pin input
1 RXDA1 pin input
ISEL3 Selection of TIP10 input signal (TMP1)
0 TIP10 pin input
1 RXDAO pin input

Cautions 1. When setting the ISEL3 and ISEL4 bits to 1, set the corresponding pin
to the capture input mode.
2. Be sure to clear bits 7 to 5 and 2 to 0 to “0”.
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6.6 Cautions

(1) Capture operation
When the capture operation is used and fxx/8, fxx/16, fxx/32, fxx/64, fxx/128, fxx/256, or fxx/512 is selected as the
count clock, FFFFH, not 0000H, may be captured in the TPnCCRO and TPnCCR1 registers, or the capture
operation may not be performed at all (the capture interrupt does not occur) if the capture trigger is input
immediately after the TPnCE bit is set to 1.
This also occurs during the period in which no external event counts are input while the capture operation is being
used and an external event count input is being used as the count clock.

(a) Free-running timer mode

FFFFH

16-bit counter =

0000H /

Count clock

Sampling clock (fxx) ‘

TPnCCRO register OOOOHX FFFFH >< 0001H

TPNCE bit J i
TIPNO pin input |_| |_|

A A
Capture Capture
trigger input trigger input

(b) Pulse width measurement mode

FFFFH

16-bit counter = |_

0000H

Count clock

Sampling clock (fxx)

. N
TPnCCRO register  0000H X FFFFH X 0002H

TPNCE bit J 5
TIPNO pin input | | | |

A A
Capture Capture
trigger input trigger input

RO1UHO0018EJ0200 Rev.2.00 Page 298 of 969
Mar 25, 2014 RENESAS



V850ES/JC3-L, V850ES/JE3-L OBCHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)
Timer Q (TMQ) is a 16-bit timer/event counter.
The V850ES/JC3-L, V850ES/JES3-L incorporate one TMQ timer/counter, TMQO.
7.1 Functions
TMQO has the following features:

(1) Interval timer
TMQO generates an interrupt at a preset interval and can output a square wave.

(2) External event counter
TMQO counts the number of externally input signal pulses.

(3) External trigger pulse output
TMQO starts counting and outputs a pulse when the specified external signal is input.

(4) One-shot pulse output
TMQO outputs a one-shot pulse with an output width that can be freely specified.

(5) PWM output
TMQO outputs a pulse with a constant cycle whose active width can be changed.
The pulse duty can also be changed freely even while the timer is operating.

(6) Free-running timer
The 16-bit counter increments from 0000H to FFFFH and then resets.

(7) Pulse width measurement
TMQO can be used to measure the pulses of a signal input externally.
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7.2 Configuration

TMQO includes the following hardware.

Table 7-1. Configuration of TMQO

ltem

Configuration

Registers

16-bit counter

TMQO capture/compare registers 0 to 3 (TQOCCRO to TQOCCR3)
TMQO counter read buffer register (TQOCNT)

CCRO to CCR3 buffer registers

TMQO control registers 0, 1 (TQOCTLO, TQOCTL1)

TMQO 1/O control registers 0 to 2 (TQOIOCO to TQOIOC2)

TMQO option register 0 (TQOOPTO)

Timer inputs

4 (T1QOO0 to TIQOS3 pins)

Timer outputs

4 (TOQOO to TOQO3 pins)

Figure 7-1. Block Diagram of TMQO

Internal bus S
b TQOCNT
fxx/2 ~— ﬁ
fxx/4 —— 5
Kj? 6 S g 16-bit counter INTTQOOV
[0
fxx/32 —=| @ 2 7 I Clear
fxx/64 ——= 0 {} 7 4 ©T10Q00
fxx/128 —= Vi ‘g_-g ©T10Q01
CCRO ﬁ N R 5 OTO0Q02
buffer X 6 grOTOQ03
register CCR1
ﬁ buffer iy
N/ | register CCR2 - m$$8oggo
. buffer s 0CC1
TIQ000+-, TQOCCRO T | ragister CCR3 —r1 = INTTQOCC2
| ©. /\ buffer F— INTTQOCC3
Q01O+ 8 TQOCCR1 T U revieer
e AN
TIQ020~ 3 TQOCCR2 a0 4
TIQ03O—~}&- I TQOCCR3
/\
A\V4 A\V4 A\V4 A\V4
Internal bus S
Remark fxx: Main clock frequency
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M

)

©)

()

(®)

6)

16-bit counter

This is a 16-bit counter that counts internal clocks and external events.

This counter can be read by using the TQOCNT register.

When the TQOCTLO.TQOCE bit is 0 and the counter is stopped, the counter value is FFFFH. If the TQOCNT
register is read at this time, 0000H is read.

Reset sets the TQOCE bit to 0, stopping the counter, and setting its value to FFFFH.

CCRO buffer register

This is a 16-bit compare register that compares the value of the 16-bit counter.

When the TQOCCRO register is used as a compare register, the value written to the TQOCCRO register is
transferred to the CCRO buffer register. If the value of the 16-bit counter matches the value of the CCRO buffer
register, a compare match interrupt request signal (INTTQOCCO) is generated.

The CCRO buffer register cannot be read or written directly.

The CCRO buffer register is cleared to 0000H after reset because the TQOCCRO register is cleared to 0000H.

CCR1 buffer register

This is a 16-bit compare register that compares the value of the 16-bit counter.

When the TQOCCR1 register is used as a compare register, the value written to the TQOCCR1 register is
transferred to the CCR1 buffer register. If the count value of the 16-bit counter matches the value of the CCR1
buffer register, a compare match interrupt request signal (INTTQOCC1) is generated.

The CCR1 buffer register cannot be read or written directly.

The CCR1 buffer register is cleared to 0000H after reset because the TQOCCR1 register is cleared to 0000H.

CCR2 buffer register

This is a 16-bit compare register that compares the value of the 16-bit counter.

When the TQOCCR2 register is used as a compare register, the value written to the TQOCCR2 register is
transferred to the CCR2 buffer register. If the count value of the 16-bit counter matches the value of the CCR2
buffer register, a compare match interrupt request signal (INTTQOCC2) is generated.

The CCR2 buffer register cannot be read or written directly.

The CCR2 buffer register is cleared to 0000H after reset because the TQOCCR2 register is cleared to 0000H.

CCR3 buffer register

This is a 16-bit compare register that compares the value of the 16-bit counter.

When the TQOCCRS register is used as a compare register, the value written to the TQOCCRS3 register is
transferred to the CCRS3 buffer register. If the count value of the 16-bit counter matches the value of the CCR3
buffer register, a compare match interrupt request signal (INTTQOCCS3) is generated.

The CCRS3 buffer register cannot be read or written directly.

The CCRS3 buffer register is cleared to 0000H after reset because the TQOCCRS register is cleared to 0000H.

Edge detector
This circuit detects the valid edges input to the TIQOO0 to TIQO3 pins. No edge, rising edge, falling edge, or both the
rising and falling edges can be selected as the valid edge by using the TQOIOC1 and TQOIOC2 registers.
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(7) Output controller
This circuit controls the output of the TOQO00 to TOQO3 pins. The output controller is controlled by the TQ0IOCO
register.

(8) Selector
The selector selects the count clock for the 16-bit counter. One of eight internal clocks or the input of an external
event can be selected as the count clock.

7.2.1 Pins used by TMQO
The input and output pins used by TMQO are shown in Table 7-2 below. When using these pins for TMQO, first set them

to port mode. For details, see Table 4-17 Settings When Pins Are Used for Alternate Functions.

Table 7-2. Pins Used by TMQO

Pin No. Port TMQO Input TMQO Output Alternate Function
JC3L JC3L JE3L
(40) (48)
24 28 38 P53 TIQO0"™" TOQO0 SIB2/KR3/RTP03/DDO
21 25 35 P50 TIQO1 TOQO1 KRO/RTPOO
22 26 36 P51 TIQ02 TOQO02 KR1/RTPO1
23 23 37 P52 TIQ03 TOQO3 KR2/RTP02/DDI

Note The TIQOO pin functions as a capture trigger input, as an external event input, and as an external trigger
input.

Remark JCB3L (40): VB50ES/JC3-L (40-pin products)
JC3L (48): VB50ES/JC3-L (48-pin products)
JE3L : VB50ES/JE3-L
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7.2.2 Interrupts
The following five types of interrupt signals are used by TMQO:

(1) INTTQOCCO
This signal is generated when the value of the 16-bit counter matches the value of the CCRO buffer register, or
when a capture signal is input from the TIQOO0 pin.

(2) INTTQOCCH1
This signal is generated when the value of the 16-bit counter matches the value of the CCR1 buffer register, or
when a capture signal is input from the TIQO1 pin.

(3) INTTQOCC2
This signal is generated when the value of the 16-bit counter matches the value of the CCR2 buffer register, or
when a capture signal is input from the TIQO02 pin.

(4) INTTQOCC3
This signal is generated when the value of the 16-bit counter matches the value of the CCR3 buffer register, or
when a capture signal is input from the TIQO3 pin.

(5) INTTQOOV
This signal is generated when the 16-bit counter overflows after incrementing up to FFFFH.
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7.3 Registers
The registers that control TMQO are as follows:

e TMQO control register 0 (TQOCTLO)

e TMQO control register 1 (TQOCTL1)

e TMQO I/O control register 0 (TQOIOCO)

e TMQO I/O control register 1 (TQOIOC1)

e TMQO I/O control register 2 (TQOIOC2)

e TMQO option register 0 (TQOOPTO)

e TMQO capture/compare register 0 (TQOCCRO)
e TMQO capture/compare register 1 (TQOCCR1)
e TMQO capture/compare register 2 (TQOCCR2)
e TMQO capture/compare register 3 (TQOCCRS3)
e TMQO counter read buffer register (TQOCNT)

Remark When using the functions of the TIQOO0 to TIQ03 and TOQOO0 to TOQO3 pins, see Table 4-17 Settings When
Pins Are Used for Alternate Functions.
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(1) TMQO control register 0 (TQOCTLO)
The TQOCTLDO register is an 8-bit register that controls the operation of TMQO.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.
The same value can always be written to the TQOCTLO register by software.

After reset: 00H R/W Address: FFFFF540H

<7> 6 5 4 3 2 1 0
TaocTLo [TaocE| o | o | o | o [rQockszTaocksi|TQockso|
TQOCE TMQO operation control

0 TMQO operation disabled. Operating clock supply stopped.

(TMQO reset asynchronouslyN°.)

1 TMQO operation enabled. Operating clock supply started.
(TMQO operation started.)

TQOCKS2 TQOCKS1 TQOCKSO Internal count clock selection
0 0 0 fxx
0 0 1 fxx/2
0 1 0 fxx/4
0 1 1 fxx/8
1 0 0 fxx/16
1 0 1 fxx/32
1 1 0 fxx/64
1 1 1 fxx/128

Note The TQOOPTO.TQOOVF bit and 16-bit counter are reset at the same time.
In addition, the timer output pins (TOQO0O0 to TOQOS3 pins) are reset to the status set
by the TQOIOCO register when the 16-bit counter is reset.

Cautions 1. Set the TQOCKS2 to TQOCKSO0 bits when the TQOCE bit = 0. The
TQOCKS2 to TQOCKSO bits can be set at the same time as changing
the value of the TQOCE bit from 0 to 1.
2. Be sure to clear bits 3 to 6 to “0”.

Remark fxx: Main clock frequency
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(2) TMQO control register 1 (TQOCTL1)
The TQOCTLI1 register is an 8-bit register that controls the operation of TMQO.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF541H

7 <6> <5> 4 3 2 1 0
TQoCTL1 | o0 |TQoEST|TQoEEE| o | o |TQoMD2|TQoMD1 | TQOMDO|
TQOEST 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 TQOEST bit as the trigger.
o In external trigger pulse output mode: A PWM waveform is output with
writing 1 to the TQOEST bit as

the trigger.
TQOEEE Count clock selection
0 Disable operation with external event count input.

(Perform counting using the internal count clock selected by the
TQOCLTO.TQOCKO to TQOCK2 bits.)

1 Enable operation with external event count input.
(Perform counting at the valid edge of the external event count input
signal.)

TQOMD2| TQOMD1 | TQOMDO Timer mode selection

0 0 0 Interval timer mode

0 0 1 External event count mode

0 1 0 External trigger pulse output mode

0 1 1 One-shot pulse output mode

1 0 0 PWM output mode

1 0 1 Free-running timer mode

1 1 0 Pulse width measurement mode

1 1 1 Setting prohibited

Cautions 1. The TQOEST 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 TQOEEE bit.

3. Set the TQOEEE and TQOMD2 to TQOMDO bits after stopping the
timer (by setting the TQOCTLO.TQOCE bit to 0). (However, if the same
value is being written, this can be done while the TQOCE bit is 1.)
The operation is not guaranteed if the TQOEEE and TQOMD2 to
TQOMDO bits are rewritten while the TQOCE bit is 1. If the TQOEEE
and TQOMD2 to TQOMDO bits were mistakenly rewritten while the
TQOCE bit was 1, clear the TQOCE bit to 0 and then write the bits
again.

4. Be sure to clear bits 3,4, and 7 to “0”.
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(3) TMQO I/O control register 0 (TQ0IOCO0)
The TQOIOCO register is an 8-bit register that controls the timer output (TOQO0 to TOQO3 pins).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: O0H R/W Address: FFFFF542H
7 <6> 5 <4> 3 <2> 1 <0>
TQOIOCO | TQOOL3| TQOOE3| TQoOL2 | TAOOE2 | TQOOL1 | TQOOET | TQOOLO | TQOOED |

TQOOLm TOQOmM pin output level setting (m = 0 to 3)Nte
0 TOQOm pin starts output at high level
1 TOQOm pin starts output at low level

TQOOEm TOQOm pin output setting (m = 0 to 3)

0 Timer output disabled
¢ When TQOOLm bit = 0: Low level is output from the TOQOm pin
e When TQOOLm bit = 1: High level is output from the TOQOm pin

1 Timer output enabled (a pulse is output from the TOQOm pin)

Note The output level of the timer output pin (TOQOm) specified by the
TQOOLm bit is shown below.

e When TQOOLm bit = 0 e When TQOOLm bit = 1
16-bit counter I ) 16-bit counter I /I
TQOCE bit __ TQOCE bit _
TOQOm output pin _i_|_ TOQOm output pin _i_,_

Cautions 1. Rewrite the TQOOLm and TQOOEm bits when the
TQOCTLO.TQOCE bit = 0. (The same value can be written
when the TQOCE bit = 1.) If rewriting was mistakenly
performed, clear the TQOCE bit to 0 and then set the bits
again.

2. Even if the TQOOLm bit is manipulated when the TQOCE and
TQOOEm bits are 0, the TOQOm pin output level varies.

Remark m=0to03
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(4) TMQO I/O control register 1 (TQOIOC1)
The TQOIOCHT register is an 8-bit register that controls the specification of the valid edge of the capture trigger input
signals (TIQO0 to TIQO3 pins).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF543H

7 6 5 4 3 2 1 0
TQOIOCT | TQIS7 | TQoise | TQoiss | Tois4 | TQoiss | Taois2 | TQoist | TQOISO |

TQOIS7 | TQOIS6 Capture trigger input signal (TIQ03 pin) valid edge setting

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

TQOIS5 | TQOIS4 | Capture trigger input signal (TIQO02 pin) valid edge detection

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

TQOIS3 | TQOIS2 Capture trigger input signal (TIQO1 pin) valid edge setting

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

TQOIS1 | TQOISO Capture trigger input signal (TIQOO0 pin) valid edge setting

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

Cautions 1. Rewrite the TQOIS7 to TQOISO bits when the
TQOCTLO.TQOCE bit = 0. (The same value can be written
when the TQOCE bit = 1.) If rewriting was mistakenly
performed, clear the TQOCE bit to 0 and then set the bits
again.

2. The TQOIS7 to TQOISO 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.
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(5) TMQO /O control register 2 (TQ0IOC2)
The TQOIOC2 register is an 8-bit register that controls the specification of the valid edge of the external event count
input signal (T1Q00 pin) and external trigger input signal (TIQO0O pin).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF544H

7 6 5 4 3 2 1 0
Taooc2 | o | o | o | o |TQoEEStTQOEESO|TQUETS1|TQOETSO|

TQOEES1| TQOEESO| External event count input signal (TIQOO pin) valid edge setting

0 0 No edge detection (external event count invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

TQOETS1|TQOETS0| External trigger input signal (TIQOO pin) valid edge setting

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

Cautions 1. Rewrite the TQOEES1, TQOEESO, TQOETS1, and TQOETSO0
bits when the TQOCTLO.TQOCE bit = 0. (The same value
can be written when the TQOCE bit = 1.) If rewriting was
mistakenly performed, clear the TQOCE bit to 0 and then
set the bits again.

2. The TQOEES1 and TQOEESO bits are valid only when the
TQOCTL1.TQOEEE bit = 1 or when the external event
count mode (TQOCTL1.TQOMD2 to TQOCTL1.TQOMDO bits
= 001) has been set.

3. The TQOETS1 and TQOETSO bits are valid only when the
external trigger pulse output mode (TQOCTL1.TQOMD2 to
TQOCTL1.TQOMDO bits = 010) or the one-shot pulse
output mode (TQOCTL1.TQOMD2 to TQOCTL1.TQOMDO =
011) is set.
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(6) TMQO option register 0 (TQOOPTO0)
The TQOOPTO register is an 8-bit register that specifies the capture/compare operation and indicates the detection

of an overflow.

This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF545H

7 6 5 4 3 2 1 <0>
TQOOPTO  [Taoccss|Taoccsz|TaoccstTaoccso)] o | o | o |TaoovF|
TQOCCSm TQOCCRmM register capture/compare selection
0 Compare register selected
1 Capture register selected

The TQOCCSm bit setting is valid only in the free-running timer mode.

TQOOVF TMQO overflow detection
0 TQOOVF bit 0 written or TQOCTLO.TQOCE bit =0
1 Overflow occurred

* The TQOOVF bit is set 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 (INTTQOOV) is generated at the same time that the
TQOOVF bit is set to 1. The INTTQOOV signal is not generated in modes other
than the free-running timer mode and the pulse width measurement mode.

* The TQOOVF bit is not cleared even when the TQOOVF bit or the TQOOPTO
register are read when the TQOOVF bit = 1.

* The TQOOVF bit can be both read and written, but the TQOOVF bit cannot be set

to 1 by software. Writing 1 has no influence on the operation of TMQO.

Cautions 1. Rewrite the TQOCCS3 to TQOCCSO0 bits when the
TQOCTLO.TQOCE bit = 0. (The same value can be written
when the TQOCE bit = 1.) If rewriting was mistakenly
performed, clear the TQOCE bit to 0 and then set the bits
again.

2. Be sure to clear bits 1 to 3 to “0”.

Remark m=0to0 3
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(7) TMQO capture/compare register 0 (TQOCCRO0)
The TQOCCRO register can be used as a capture register or a compare register depending on the mode.
This register can be selected as a capture register or a compare register only in the free-running timer mode,
according to the setting of the TQOOPTO0.TQOCCSO bit. In any other mode, this register can be used only as a
compare register.
The TQOCCRO register can be read or written during operation.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

Caution Accessing the TQOCCRO register is prohibited in the following statuses. Moreover, if the system
is in the wait status, the only way to cancel the wait status is to execute a reset. For details, see
3.4.9 (1) Accessing specific on-chip peripheral I/O registers.
o When the CPU operates on the subclock and main clock oscillation is stopped
* When the CPU operates on the internal oscillator clock

After reset: 0000H R/W Address: FFFFF546H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
taoccro | | | | [ 0 [ L [T

(a) Function as compare register
The TQOCCRO register can be rewritten even when the TQOCTLO.TQOCE bit = 1.
The set value of the TQOCCRO 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 (INTTQOCCO)
is generated. If TOQOO pin output is enabled at this time, the output of the TOQOO pin is inverted (For details,
see the descriptions of each operating mode.).
When the TQOCCRO 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.

(b) Function as capture register

When the TQOCCRO 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 TQOCCRO register if the valid edge of the capture trigger input pin (TIQ00
pin) is detected. In the pulse-width measurement mode, the count value of the 16-bit counter is stored in the
TQOCCRO register and the 16-bit counter is cleared (0000H) if the valid edge of the capture trigger input pin
(TIQOO pin) is detected.

Even if the capture operation and reading the TQOCCRO register conflict, the correct value of the TQOCCRO
register can be read.
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The following table shows the functions of the capture/compare register in each operation mode, and how to write
data to the compare register.

Table 7-3. 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 -

Remark For details about anytime write and batch write, see 7.4 (2) Anytime write and batch write.
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(8) TMQO capture/compare register 1 (TQOCCR1)
The TQOCCRH1 register can be used as a capture register or a compare register depending on the mode.
This register can be selected as a capture register or a compare register only in the free-running timer mode,
according to the setting of the TQOOPTO0.TQOCCS1 bit. In the pulse width measurement mode, the TQOCCR1
register can be used only as a capture register. In any other mode, this register can be used only as a compare
register.
The TQOCCR1 register can be read or written during operation.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

Caution Accessing the TQOCCR1 register is prohibited in the following statuses. Moreover, if the system
is in the wait status, the only way to cancel the wait status is to execute a reset. For details, see
3.4.9 (1) Accessing specific on-chip peripheral I/O registers.
* When the CPU operates on the subclock and main clock oscillation is stopped
¢ When the CPU operates on the internal oscillator clock

After reset: 0000H R/W Address: FFFFF548H

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

(a) Function as compare register
The TQOCCRT1 register can be rewritten even when the TQOCTLO0.TQOCE bit = 1.
The set value of the TQOCCRH1 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 (INTTQOCC1)
is generated. If TOQO1 pin output is enabled at this time, the output of the TOQO1 pin is inverted (For details,
see the descriptions of each operating mode.).

(b) Function as capture register

When the TQOCCR1 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 TQOCCR1 register if the valid edge of the capture trigger input pin (TIQ01
pin) is detected. In the pulse-width measurement mode, the count value of the 16-bit counter is stored in the
TQOCCRT1 register and the 16-bit counter is cleared (0000H) if the valid edge of the capture trigger input pin
(TIQO1 pin) is detected.

Even if the capture operation and reading the TQOCCR1 register conflict, the correct value of the TQOCCR1
register can be read.
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The following table shows the functions of the capture/compare register in each operation mode, and how to write
data to the compare register.

Table 7-4. 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 -

Remark For details about anytime write and batch write, see 7.4 (2) Anytime write and batch write.
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(9) TMQO capture/compare register 2 (TQOCCR2)
The TQOCCR2 register can be used as a capture register or a compare register depending on the mode.
This register can be selected as a capture register or a compare register only in the free-running timer mode,
according to the setting of the TQOOPTO0.TQOCCS2 bit. In the pulse width measurement mode, the TQOCCR2
register can be used only as a capture register. In any other mode, this register can be used only as a compare
register.
The TQOCCR2 register can be read or written during operation.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

Caution Accessing the TQOCCR2 register is prohibited in the following statuses. Moreover, if the system
is in the wait status, the only way to cancel the wait status is to execute a reset. For details, see
3.4.9 (1) Accessing specific on-chip peripheral I/O registers.
¢ When the CPU operates on the subclock and main clock oscillation is stopped
¢ When the CPU operates on the internal oscillator clock

After reset: 0000H R/W Address: FFFFF54AH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
taccre | | | [ [ [ [ [ [T [T T[]

(a) Function as compare register
The TQOCCR2 register can be rewritten even when the TQOCTLO0.TQOCE bit = 1.
The set value of the TQOCCR2 register is transferred to the CCR2 buffer register. When the value of the 16-bit
counter matches the value of the CCR2 buffer register, a compare match interrupt request signal (INTTQOCC?2)
is generated. If TOQO2 pin output is enabled at this time, the output of the TOQO2 pin is inverted (For details,
see the descriptions of each operating mode.).

(b) Function as capture register

When the TQOCCR2 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 TQOCCR2 register if the valid edge of the capture trigger input pin (TIQ02
pin) is detected. In the pulse-width measurement mode, the count value of the 16-bit counter is stored in the
TQOCCR2 register and the 16-bit counter is cleared (0000H) if the valid edge of the capture trigger input pin
(T1QO02 pin) is detected.

Even if the capture operation and reading the TQOCCR2 register conflict, the correct value of the TQOCCR2
register can be read.
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The following table shows the functions of the capture/compare register in each operation mode, and how to write
data to the compare register.

Table 7-5. 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 -

Remark For details about anytime write and batch write, see 7.4 (2) Anytime write and batch write.
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(10) TMQO capture/compare register 3 (TQOCCR3)
The TQOCCRBS register can be used as a capture register or a compare register depending on the mode.
This register can be selected as a capture register or a compare register only in the free-running timer mode,
according to the setting of the TQOOPTO0.TQOCCS3 bit. In the pulse width measurement mode, the TQOCCR3
register can be used only as a capture register. In any other mode, this register can be used only as a compare
register.
The TQOCCRS3 register can be read or written during operation.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

Caution Accessing the TQOCCRS3 register is prohibited in the following statuses. Moreover, if the system
is in the wait status, the only way to cancel the wait status is to execute a reset. For details, see
3.4.9 (1) Accessing specific on-chip peripheral I/O registers.
¢ When the CPU operates on the subclock and main clock oscillation is stopped
¢ When the CPU operates on the internal oscillator clock

After reset: 0000H R/W Address: FFFFF54CH

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

(a) Function as compare register
The TQOCCRBS register can be rewritten even when the TQOCTLO0.TQOCE bit = 1.
The set value of the TQOCCRS register is transferred to the CCR3 buffer register. When the value of the 16-bit
counter matches the value of the CCRS buffer register, a compare match interrupt request signal (INTTQOCC3)
is generated. If TOQOS3 pin output is enabled at this time, the output of the TOQO3 pin is inverted (For details,
see the descriptions of each operating mode.).

(b) Function as capture register

When the TQOCCRS3 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 TQOCCRS register if the valid edge of the capture trigger input pin (TIQ03
pin) is detected. In the pulse-width measurement mode, the count value of the 16-bit counter is stored in the
TQOCCRS register and the 16-bit counter is cleared (0000H) if the valid edge of the capture trigger input pin
(TIQO3 pin) is detected.

Even if the capture operation and reading the TQOCCRS register conflict, the correct value of the TQOCCR3
register can be read.
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The following table shows the functions of the capture/compare register in each operation mode, and how to write
data to the compare register.

Table 7-6. 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 -

Remark For details about anytime write and batch write, see 7.4 (2) Anytime write and batch write.

(11) TMQO counter read buffer register (TQOCNT)
The TQOCNT register is a read buffer register from which the value of the 16-bit counter can be read.
If this register is read when the TQOCTLO.TQOCE bit = 1, the count value of the 16-bit timer can be read.
This register is read-only, in 16-bit units.
The value of the TQOCNT register is cleared to 0000H when the TQOCE bit = 0. If the TQOCNT register is read at
this time, the value of the 16-bit counter (FFFFH) is not read, but 0000H is read.
Because the TQOCE bit is cleared to 0, the value of the TQOCNT register is cleared to 0000H after reset.

Caution Accessing the TQOCNT register is prohibited in the following statuses. Moreover, if the system is
in the wait status, the only way to cancel the wait status is to execute a reset. For details, see
3.4.9 (1) Accessing specific on-chip peripheral I/O registers.
¢ When the CPU is operating on the subclock and main clock oscillation is stopped
e When the CPU is operating on the internal clock

After reset: 0000H R Address: FFFFF54EH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
veont | | [ [ L[ P[]
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7.4 Operations

TMQO can execute the following operations:

Table 7-7. TMQO Operating Modes

Note 2

mode

Operating Mode TQOCTL1.TQOEST TIQOO0 Pin Capture/Compare | Compare Register Count Clock
Bit (External Trigger Register Setting Write
(Software Trigger Bit) Input)

Interval timer mode Invalid Invalid Compare only Anytime write Internal/external
External event count Invalid Invalid Compare only Anytime write External
modeNetel
External trigger pulse Valid Valid Compare only Batch write Internal
output mode"*?
One-shot pulse output Valid Valid Compare only Anytime write Internal
modeNcleZ
PWM output mode Invalid Invalid Compare only Batch write Internal/external
Free-running timer mode | Invalid Invalid Can be switched Anytime write Internal/external
Pulse width measurement | Invalid Invalid Capture only Not applicable Internal

Notes 1.

not detected (by clearing the TQOIOC1.TQOIS1 and TQOIOC1.TQOISO bits to 0).
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 TQOCTL1.TQOEEE bit to 0).

When using the external event count mode, specify that the valid edge of the TIQO0 pin capture trigger input is
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(1) Basic counter operation
The basic operation of the 16-bit counter is described below. For more details, see the descriptions of each
operating mode.

(a) Starting counting
TMQO starts counting from FFFFH in all operating modes, and increments as follows: FFFFH, 0000H, 0001H,
0002H, 0003H....

(b) Clearing TMQO
TMQO is cleared to 0000H when its value matches the value of the compare register or when the value of
TMQO is captured upon the input of a valid capture trigger signal.
Note that when TMQO increments from FFFFH to 0000H after it starts counting and immediately following an
overflow, it does not mean that TMQO has been cleared. Consequently, the INTTQOCCm interrupt is not
generated in this case (m = 0 to 3).

(c) Overflow
TMQO overflows after it increments from FFFFH to 0000H in free-running timer mode and pulse width
measurement mode. An overflow sets the TQOOPTO0.TQOOVF bit to 1 and generates an interrupt request
signal (INTTQOQV). Note that INTTQOOV will not be generated in the following cases:

¢ When TMQO has just started counting.

¢ When the compare value at which TMQO is cleared is specified as FFFFH.

¢ In pulse width measurement mode, when TMQO increments from FFFFH to 0000H after being cleared when
its value of FFFFH was captured.

Caution After the INTTQOOV overflow interrupt request signal occurs, be sure to confirm that the
overflow flag (TQOOVF) is set to 1.

(d) Reading TMQO while it is incrementing
TMQO can be read while it is incrementing by using the TQOCNT register.
Specifically, the value of TMQO can be read by reading the TQOCNT register while the TQOCLTO0.TQOCE bit is
1. Note, however, that when the TQOCLTO0.TQOCE bit is 0, the value of TMQO is always FFFFH and the value
of the TQOCNT register is always 0000H.
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(2) Anytime write and batch write
The TQOCCRO to TQOCCRS3 registers can be written even while TMQO is operating (that is, while the
TQOCTLO.TQOCE bit is 1), but the way the CCRO to CCRS3 buffer registers are written differs depending on the
mode. The two writing methods are anytime write and batch write.

(a) Anytime write
This writing method is used to transfer data from the TQOCCRO to TQOCCRS3 registers to the CCR0O to CCR3
buffer registers any time while TMQO is operating.

Figure 7-2. Flowchart Showing Basic Anytime Write Operation

‘ START )

Initial settings

\
e Set value to TQOCCRm register
¢ Enable timer
(TQOCE bit=1)
— Value of TQOCCRm register
transferred to CCRm buffer
register

Rewrite TQOCCRm register
— New value transferred to CCRm
buffer register

Timer operation

e 16-bit counter value matches value | ——— INTTQOCCKk signal generated
of CCRk buffer registerN°t

¢ 16-bit counter value matches value
of CCRO buffer register

® 16-bit counter cleared and starts
incrementing again

INTTQOCCO signal generated

Note The 16-bit counter is only cleared when its value matches the value of the CCRO buffer
register, not the CCRKk buffer register.

Remarks 1. The flowchart applies to the case when TMQO is being used as an interval
timer.
2. k=1t03
m=0to3
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Figure 7-3. Anytime Write Timing

TQOCE bit = 1
FFFFH Dot Do1
Doz
16-bit counter Py Dy Dz
ft counte D11 } D12/ D1z,
0000H D31/ D{; Dl;;/ DT?‘/
TQOCCRQO register Do1 Doz
h 1 I IRNEEIE
CCRO buffer register ~ 0000H Do X Doz
INTTQOCCO signal
TQOCCR1 register D11 T D12
B 1| L[ ] L[]
CCRH1 buffer register ~ 0000H D11 X Dr2

INTTQOCCH1 signal

TQOCCR2 register Do1

CCR2 buffer register ~ 0000H D21

INTTQOCC?2 signal

TQOCCRS register Da1

CCRS buffer register ~ 0000H Da1

INTTQOCCS signal

Remarks 1. Do1, Do2: Set value of TQOCCRO register
D11, D12: Set value of TQOCCR1 register
D21: Set value of TQOCCR2 register
Daz1: Set value of TQOCCRS3 register
2. The flowchart applies to the case when TMQO is being used as an interval timer.
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(b) Batch write

This writing method is used to transfer data from the TQOCCRO to TQOCCRS3 registers to the CCRO to CCR3
buffer registers all at once while TMQO is operating. The data is transferred when the value of the 16-bit
counter matches the value of the CCRO buffer register. Transfer is enabled by writing to the TQOCCR1 register.
Whether transfer of the next data is enabled or not depends on whether the TQOCCR1 register has been
written.

To specify the value of the rewritten TQOCCRO to TQOCCRS3 registers as the 16-bit counter compare value
(that is, the value to be transferred to the CCRO to CCR3 buffer registers), the TQOCCRO register must be
rewritten before the value of the 16-bit counter matches the value of the CCRO buffer register, and then the
TQOCCRT1 register must be written. The value of the TQOCCRO to TQOCCRS registers is then transferred to
the CCRO to CCRS3 buffer registers when the value of the 16-bit counter matches the value of the CCRO buffer
register. Note that even if you wish to rewrite one of the TQOCCRO0, TQOCCR2 and TQOCCRBS register values,
you must also write the same value to the TQOCCR1 register (that is, the same value as the value already
specified for the TQOCCR1 register).
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Figure 7-4. Flowchart Showing Basic Batch Write Operation

START

Initial settings

 Set value to TQOCCRm register
¢ Enable timer (TQOCE bit = 1)
— Value of TQOCCRm register
transferred to CCRm buffer register

Rewrite TQOCCRO, TQOCCR2, and
TQOCCRS registers

Rewrite TQOCCRH1 register

Timer operation

* 16-bit counter value matches value of
CCRKk buffer registerN°te

* 16-bit counter value matches value of
CCRO buffer register

* 16-bit counter cleared and starts
incrementing again

¢ TQOCCRKk register value transferred to
CCRKk buffer register

m=0to 3

— Batch write enabled

— INTTQOCCKk signal generated

— INTTQOCCO signal generated

Note The 16-bit counter is only cleared when its value matches the value of the CCRO buffer register,
not the CCRk buffer register.

Caution The process of writing to the TQOCCR1 register includes enabling batch write. It is
therefore necessary to rewrite the TQOCCR1 register after rewriting the TQOCCRO,
TQOCCR2, and TQOCCRS registers.

Remarks 1. The flowchart applies to the case when TMQO is being used in PWM output mode.
2. k=1t03
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Figure 7-5. Batch Write Timing

TQOCE bit =1

FFFFH Do _

Dos
D11 Doz _ Doz
D32~ D3z~ Daz

16-bit counter / Diz A Di2 A D24

D12~
D21~ D2 / D21/ D2 D21

0000H

TQOCCRO register Do X Do2 Dos

CCRO buffer
register

=
o
—-
[}
-y
10O
8
=2
o
—
o
-y

|
v

| | ‘

TQOCCRH register D11 XNote 2 D12 XNote3  Dio
\
, v
register ‘

CCR1 buffer ‘X
|

TQOCCR2 register Da1

CCR2 buffer
register

TQOCCRS3 register Dsi X Do X Ds3

CCR3 bl_Jffer 0000H X
register {

INTTQOCCO signal

INTTQOCCH1 signal

INTTQOCC?2 signal

INTTQOCCS signal

TOQOO pin output

L

TOQO1 pin output

TOQO2 pin output r

TOQOS pin output | ' | _l

Notes 1. Doz is not transferred because the TQOCCR1 register was not written.
2. D12 is transferred to the CCR1 buffer register upon a match with the TQOCCRO register value (Dot)
because the TQOCCR1 register was written (D12).
3. D12 is transferred to the CCR1 buffer register upon a match with the TQOCCRO register value (D12)
because the TQOCCR1 register was written (D12).

Remarks 1. Do1, Doz, Dos: Set value of TQOCCRO register
D11, D12: Set value of TQOCCR1 register
D21: Set value of TQOCCR2 register
D31, D32, Dss: Set value of TQOCCR3 register
2. The flowchart applies to the case when TMQO is being used in the PWM output mode.
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7.4.1 Interval timer mode (TQOMD2 to TQOMDO bits = 000)

In the interval timer mode, setting the TQOCTLO.TQOCE bit to 1 generates an interrupt request signal (INTTQOCCO) at
a specified interval. Setting the TQOCE bit to 1 can also start the timer, which then outputs a square wave whose half
cycle is equal to the interval from the TOQOO pin.

Usually, the TQOCCR1 to TQOCCRS registers are not used in the interval timer mode. Mask interrupts from these
registers by setting the interrupt mask flags (TQOCCMK1 to TQOCCMKS3).

Remarks 1. For how to set the TOQOO pin, see Table 7-2 Pins Used by TMQO and Table 4-17 Settings When Pins
Are Used for Alternate Functions.
2. For how to enable the INTTQOCCO interrupt signal, sce CHAPTER 19 INTERRUPT SERVICING/
EXCEPTION PROCESSING FUNCTION.

Figure 7-6. Configuration of Interval Timer

Clear

Count clock ) . , .| Output .
selection 16-bit counter controller —©) TOQO0 pin

Match signal
QVL' aich signa INTTQOCCO signal

ﬁ

TQOCE bit CCRO buffer register

it

TQOCCRQO register

Figure 7-7. Basic Timing of Operation in Interval Timer Mode

FFFFH

Do —
16-bit counter

0000H

TQOCE bit

TQOCCRO register

(CCRO buffer register) Do

< |

TOQOO pin output

INTTQOCCO signal 1 1 1 1

Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1)
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When the TQOCE 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 incrementing. At this time, the output of the TOQOO pin is inverted and the set value
of the TQOCCRO register is transferred to the CCRO buffer register.

When the 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 TOQOO pin is inverted, and a compare match interrupt request signal (INTTQOCCO) is generated.

The interval can be calculated by using the following expression:

Interval = (Set value of TQOCCRO register + 1) x Count clock cycle
An example of the register settings when the interval timer mode is used is shown in the figure below.

Figure 7-8. Register Settings in Interval Timer Mode (1/3)

(a) TMQO control register 0 (TQOCTLO)

TQOCE TQOCKS2 TQOCKS1 TQOCKSO
TQOCTLO|0/1‘O‘O‘ 0\0\0/1\0/1\0/1|

These bits select
the count clock.

0: Stop counting

1: Enable counting

(b) TMQO control register 1 (TQOCTL1)

TQOEST TQOEEE TQOMD2 TQOMD1 TQOMDO
TaocTi | o | o o] o | o | o | o | o |

0,0,0:
Interval timer mode

0: Increment based on the
count clock selected by the
TQOCKSO0 to TQOCKS?2 bits.

1: Increment based on the
input of an external event
count signal.

Note The TQOEEE bit can only be set to 1 when the timer output (TOQOK) is used. Note that when
setting the TQOEEE bit to 1, the TQOCCRO and TQOCCRKk registers must be set to the same
value (that is, the same value as the value already specified for these registers). (For details,
see 7.4.1 (2) (d) Operation of TQOCCR1 to TQOCCR1 registers.) (k=110 3.)
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Figure 7-8. Register Settings in Interval Timer Mode (2/3)

(c) TMQO I/O control register 0 (TQ0IOCO0)

TQOOL3 TQOOE3 TQOOL2 TQOOE2 TQOOL1 TQOOE1 TQOOLO TQOOEQ
TQOIOCOl 0/1 \ 0/ \ 0/ \ 0/ \ 0/1 \ 0/ \ 0/1 \ 0/1 |

0: Disable TOQOO0 pin output.
1: Enable TOQOO pin output.

Output level when TOQOO pin
is disabled:

0: Low level

1: High level

0: Disable TOQO1 pin output.
1: Enable TOQO1 pin output.

Output level when TOQO1 pin
is disabled:

0: Low level

1: High level

0: Disable TOQO2 pin output.
1: Enable TOQO2 pin output.

Output level when TOQO2 pin
is disabled:

0: Low level

1: High level

0: Disable TOQO3 pin output.
1: Enable TOQO3 pin output.

Output level when TOQOS3 pin
is disabled:

0: Low level

1: High level

(d) TMQO I/O control register 2 (TQ0IOC2)

TQOEES1 TQOEESO TQOETS1 TQOETSO
Taolocz [ o | o | o | o [omee o] o | o |

L]

These bits select the valid
edge of the external event
count input (TIQOO pin).

Note The TQOEES1 and TQOEESO bits can only be set to 1 when the timer output (TOQO01 to TOQO03)
is used. Note that when setting these bits to 1, the TQOCCRO to TQOCCRS registers must be set
to the same value (that is, the same value as the value already specified for these registers).

(e) TMQO counter read buffer register (TQOCNT)
The value of the 16-bit counter can be read by reading this register.

(f) TMQO capture/compare register 0 (TQOCCRO0)
If the TQOCCRO register is set to Do, the interval is as follows:

Interval = (Do + 1) x Count clock cycle
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Figure 7-8. Register Settings in Interval Timer Mode (3/3)

(g) TMQO capture/compare registers 1 to 3 (TQOCCR1 to TQOCCR3)
Usually, the TQOCCR1 to TQOCCRS registers are not used in the interval timer mode. However, because
the set values of the TQOCCR1 to TQOCCRS3 registers are transferred to the CCR1 to CCR3 buffer
registers and a compare match interrupt request signal (INTTQOCC1 to INTTQOCCS3) is generated when
the value of the 16-bit counter matches the value of the CCR1 to CCRS3 buffer registers, interrupts from
these registers must be masked by setting the interrupt mask flags (TQOCCMK1 to TQOCCMKS3).

Remark TMQO I/O control register 1 (TQOIOC1) and TMQO option register 0 (TQOOPTO0) are not used
in the interval timer mode.
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(1) Operations in interval timer mode

Figure 7-9. Timing and Processing of Operations in Interval Timer Mode

FFFFH

Do — Do — Do —
16-bit counter

0000H

TQOCE bit

TQOCCRQO register D
(CCRO buffer register) 0

TOQOO pin output

INTTQOCCO signal —| —| —|

<1> <2>

<1> Starting counting

(s )

Set up the registers Be sure to set up these registers before

TQOCTLO register setting the TQOCE bit to 1.
(TQOCKSO to TQOCKS?2 bits)

TQOCTLA1 register
TQOIOCO register
TQOIOC2 register
TQOCCRO register

Counting starts (TQOCE bit = 1).

TQOCE bit = 1 The TQOCKSO0 to TQOCKS2 bits can be set here.

<2> Stopping counting

When counting is disabled (TQOCE bit = 0),
TQOCE bit=0 the counter is reset and counting stops.

C=
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(2) Using interval timer mode

(a) Operation when TQOCCRO register is set to 0000H
When the TQOCCRO register is set to 0000H, the INTTQOCCO signal is generated each count clock cycle from
the second clock cycle, and the output of the TOQOO pin is inverted.
The value of the 16-bit counter is always 0000H.

Figure 7-10. Operation of Interval Timer When TQOCCRO Register Is Set to 0000H

Count clock
16-bit counter FFFFH X 0000H X 0000H 0000H 0000H
TQOCE bit
TQOCCRQO register 0000H

TOQOO pin output

INTTQOCCO signal

Interval time Interval time
Count clock cycle | Count clock cycle
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(b) Operation when TQOCCRO register is set to FFFFH
When the TQOCCRO register is set to FFFFH, the 16-bit counter increments up to FFFFH and is reset to
0000H in synchronization with the next increment timing. The INTTQOCCO signal is then generated and the
output of the TOQOO pin is inverted. At this time, an overflow interrupt request signal (INTTQOQV) is not
generated, nor is the overflow flag (TQOOPT0.TQOOVF bit) set to 1.

Figure 7-11. Operation of Interval Timer When TQOCCRO Register Is Set to FFFFH

FFFFH

16-bit counter

0000H
TQOCE bit
TQOCCRQO register
(CCRO buffer register) FFFFH

TOQOO pin output

INTTQOCCO signal —| —| —|

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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(c) Notes on rewriting TQOCCRO register
When rewriting the value of the TQOCCRO register to a smaller value, stop counting first and then change the
set value.
If the value of the TQOCCRO register is rewritten to a smaller value during counting, the 16-bit counter may
overflow.

Figure 7-12. Rewriting TQOCCRO Register

FFFFH
D — D1

16-bit counter
D2 Do—— D2——

0000H

TQOCE bit

TQOCCRO register
(CCRO buffer register) D1 D2

TQOOLO bit L

TOQOO pin output

‘

INTTQOCCO signal _l _l

Interval time (1) Interval time (NG) Interval
time (2)

Remark Interval time (1): (D1 + 1) x Count clock cycle
Interval time (NG): (10000H + D2 + 1) x Count clock cycle
Interval time (2): (D2 + 1) x Count clock cycle

If the value of the TQOCCRO register is changed from D1 to D2 while the counter value is greater than D2 but
less than D1, the TQOCCRO register value is transferred to the CCRO buffer register as soon as the register has
been rewritten. Consequently, the value that is compared with the 16-bit counter value is Do.

Because the counter value has already exceeded D2, however, the 16-bit counter increments to FFFFH,
overflows, and then increments again from 0000H. When the counter value matches D2, the INTTQOCCO
signal is generated and the output of the TOQOO pin is inverted.

Therefore, the INTTQOCCO signal may not be generated at the interval “(D1 + 1) x Count clock cycle” or “(D2 +
1) x Count clock cycle” as originally expected, but instead may be generated at an interval of “(10000H + D2 +
1) x Count clock cycle”.
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(d) Operation of TQOCCR1 to TQOCCRS3 registers
The TQOCCR1 to TQOCCRS registers are configured as follows in the interval timer mode.

Figure 7-13. Configuration of TQOCCR1 to TQOCCR3 Registers

TQOCCR1
register
CCR1 buffer Output | _ ;
register ( controller ©ToQo! pin
i\} Match signal INTTQOCCH signal
TQOCCR2
register
CCR2 buffer Output [ .
register ( controller ©T10Q02 pin
<. Match signal INTTQOCC2 signal
TQOCCRS3
register
CCR8 buffer Output L~ © TOQO3 pin
register ( controller
< Matoh signal INTTQOCCS signal
Clear
Count
clock 16-bit counter | Outeut L5 10q00 pin
selection controller
Match signal
% aich signa INTTQOCCO signal
TQOCE bit CCRO buffer register
TQOCCRO register
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If the value of the TQOCCRK register is less than or equal to the value of the TQOCCRO register, the
INTTQOCCK signal is generated once per cycle. At the same time, the output of the TOQOK pin is inverted.

The TOQOk pin outputs a square wave with the same cycle as that output by the TOQOO pin but with a different
phase.

A chart showing the timing of operations when the value of the TQOCCRKk register (D«1) is less than or equal to
the value of the TQOCCRO register (Do1) is shown below.
Remark k=1t03

Figure 7-14. Timing of Operations When Do1 > Dk1

FFFFH Do Dot Dot Dot

. D31/ Dat Dat Dat1
16-bit counter D11~ D11~ D11~ DzD”Z

0000H

TQOCE bit

TQOCCRQO register
(CCRO buffer register)

TOQOO pin output

INTTQOCCO signal -l -l -l L

TQOCCRT register D11

TOQO1 pin output

INTTQOCCH1 signal -| -| -| -|

TQOCCR2 register D21

TOQO2 pin output

INTTQOCC2 signal -| -| -| -|

TQOCCRS register Da1

TOQOS pin output

INTTQOCCS signal -| -| -| -|
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If the value of the TQOCCRK register is greater than the value of the TQOCCRO register, the value of the 16-bit
counter will not match the value of the TQOCCRKk register. Consequently, the INTTQOCCk signal is not
generated, nor is the output of the TOQOK pin changed.

A chart showing the timing of operations when the value of the TQOCCRKk register (Dk1) is greater than the
value of the TQOCCRO register (Do1) is shown below.

Remark k=1t03

Figure 7-15. Timing of Operations When Do1 < Dk1

FFFFH

16-bit counter

0000H

TQOCE bit

TQOCCRQO register Dot

TOQOO pin output

INTTQOCCO signal -| -| -| L

TQOCCRT register D11

TOQO1 pin output

INTTQOCCH1 signal L

TQOCCR2 register Da1

TOQO2 pin output

INTTQOCC2 signal L

TQOCCRS register Da1

TOQO3 pin output

INTTQOCCS signal L
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(3) Operation of interval timer based on input of external event count

(a) Operation

When the 16-bit counter is incrementing based on the valid edge of the external event count input (TIQOO pin)
in the interval timer mode, one external event count valid edge must be input immediately after the TQOCE bit
changes from 0 to 1 to start the counter incrementing after the 16-bit counter is cleared from FFFFH to 0000H.
Once the TQOCCRO and TQOCCRK registers are set to 0001H (that is, the same value as was previously set),
the TOQOK pin output is inverted every two counts of the 16-bit counter (k = 1 to 3).

Note that the TQOCTL1.TQOEEE bit can only be set to 1 when timer output (TOQOK) is used based on the
input of an external event count.

Figure 7-16. Operation of Interval Timer Based on Input of External Event Count

FFFFH
16-bit counter /OOOVOV:H
0000H —
TQOCE bit J
External event count input
(T1QOO0 pin input) |
TQOCCRQO register 0001H 0001H 0001H
TQOCCRH1 register 0001H 0001H 0001H
TOQO1 pin output
TQOCCR2 register 0001H 0001H 0001H
TOQO2 pin output
TQOCCRS register 0001H 0001H 0001H
TOQO3 pin output
2-count width 2-count width 2-count width
3 external event counts 2 external event counts | 2 external event counts

7.4.2 External event count mode (TQOMD2 to TQOMDO bits = 001)

In the external event count mode, the valid edge of the external event count input is counted when the
TQOCTLO.TQOCE bit is set to 1, and an interrupt request signal (INTTQOCCO) is generated each time the specified
number of edges have been counted. The timer output pins (TOQO00 to TOQO03) cannot be used. To use the TOQO1 to
TOQO3 pins in the external event count mode, be sure to set the TQOCTL1.TQOEEE bit to 1 in the interval timer mode first.
(For details, see 7.4.1 (3) Operation of interval timer based on input of external event count.)
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Usually, the TQOCCR1 to TQOCCRS3 registers are not used in the external event count mode.

Remarks 1. For how to set the TIQOO pin, see Table 7-2 Pins Used by TMQO and Table 4-17 Settings When Pins
Are Used for Alternate Functions.
2. For how to enable the INTTQOCCO interrupt signal, sce CHAPTER 19 INTERRUPT SERVICING/
EXCEPTION PROCESSING FUNCTION.

Figure 7-17. Configuration of Interval Timer in External Event Count Mode

Clear

TIQOO pin Edge

(external event O— detector >—* 16-bit counter

count input)

{} Match signal .
INTTQOCCO signal
TQOCE bit CCRO buffer register
TQOCCRO register
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When the TQOCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0000H. The counter
increments each time the valid edge of the external event count input is detected, and the value of the TQOCCRO register
is transferred to the CCRO buffer register.

When the 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 match interrupt request signal (INTTQOCCO) is generated.

The INTTQOCCO signal is generated each time the valid edge of the external event count input has been detected the
specified number of times (that is, the value of the TQOCCRO register + 1).

Figure 7-18. Basic Timing of Operations in External Event Count Mode

FEFFH ,,—\)//—\\

Do Do - “. Do
16-bit counter H '
0000H ! '; 16-bit counter Do — 1 X Do X 0000 X 0001
. . ' External event count input
TQOCE bit E ! (TIQOO pin input)
TQOCCRO register .I TQOCCRO register Do

(CCRO buffer register) Do: : (CCRO buffer register)

INTTQOCCO signal _| _| | NTTQOCCO signal |

External | External 1° External

event event event
count count count
interval interval interval

(Do + 1) (Do + 1) (Do + 1)

Remark 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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An example of the register settings when the external event count mode is used is shown in the figure below.

Figure 7-19. Register Settings in External Event Count Mode (1/2)

(a) TMQO control register 0 (TQOCTLO)

TQOCE TQOCKS2 TQOCKS1 TQOCKSO
TaocTo [ ot | o | o | o | o | o | o | o |

‘ 0: Stop counting
1: Enable counting

(b) TMQO control register 1 (TQOCTL1)

TQOEST TQOEEE TQOMD2 TQOMD1 TQOMDO
TQOCTL1|O‘0‘O‘O‘O‘O‘O‘1|

0,0,1:
External event count mode

(c) TMQO I/O control register 0 (TQ0IOCO0)

TQOOL3 TQOOE3 TQOOL2 TQOOE2 TQOOL1 TQOOE1 TQOOLO TQOOEO
TQOIOCOlO‘O‘O‘O‘O‘O‘O‘Ol

L 0: Disable TOQ00 pin output

0: Disable TOQO1 pin output

0: Disable TOQO2 pin output

0: Disable TOQO3 pin output
(d) TMQO I/O control register 2 (TQ0IOC2)

TQOEES1 TQOEESO TQOETST TQOETSO
TQOIOCZlO‘O‘O‘O‘Oﬁ‘Oﬁ‘0‘O|

Select valid edge
of external event
count input.

(e) TMQO counter read buffer register (TQOCNT)
The value of the 16-bit counter can be read by reading this register.
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Figure 7-19. Register Settings in External Event Count Mode (2/2)

(f) TMQO capture/compare register 0 (TQOCCRO0)
When the TQOCCRO register is set to Do, the counter is cleared and a compare match interrupt request
signal (INTTQOCCO) is generated when the number of external events reaches (Do + 1).

(g) TMQO capture/compare registers 1 to 3 (TQOCCR1 to TQOCCR3)
The TQOCCR1 to TQOCCRBS registers are not usually used in the external event count mode. However,
because the set values of the TQOCCR1 to TQOCCRS registers are transferred to the CCR1 to CCR3
buffer registers and a compare match interrupt request signal (INTTQOCC1 to INTTQOCCS) is generated
when the value of the 16-bit counter matches the value of the CCR1 to CCRS3 buffer registers, interrupts
from these registers must be masked by setting the interrupt mask flags (TQOCCMK1 to TQOCCMKS3).

Cautions 1. Do not set the TQOCCRO register to 0000H in the external event count mode.

2. Timer output cannot be used in the external event count mode. When using the timer
output based on the input of an external event count, first set the operating mode to
interval mode, and then specify “operation enabled” for the external event count
input (by setting the TQOCTL1.TQOMD2 to TQOMDO bits to 0, 0, 0 and setting the
TQOCTL1.TQOEEE bit to 1). (For details, see 7.4.1 (3) Operation of interval timer
based on input of external event count.)

3. When an external clock is used as the count clock, the external clock can be input
only from the TIQ0O pin. At this time, set the TQ0IOC1.TQOIS1 and TQOIOC1.TQOISO
bits to 0, 0 (capture trigger input (TIQO00 pin): no edge detection).

Remark TMQO I/O control register 1 (TQOIOC1) and TMQO option register 0 (TQOOPTO0) are not used in
the external event count mode.
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(1) Operations in external event count mode

Figure 7-20. Timing and Processing of Operations in External Event Count Mode

FFFFH

16-bit counter

0000H

TQOCE bit

TQOCCRQO register D
(CCRO buffer register) 0

INTTQOCCO signal —| —| —|

<1> <2>

<1> Starting counting

o )

Set up the registers Be sure to set up these registers

TQOCTLO register before setting the TQOCE bit to 1.
(TQOCKSO to TQOCKS? bits)

TQOCTLA1 register
TQOIOCO register
TQOIOC2 register
TQOCCRO register

Counting starts (TQOCE bit = 1).
The TQOCKSO0 to TQOCKS2 bits
can be set here.

TQOCE bit =1

<2> Stopping counting

When counting is disabled (TQOCE bit = 0),
TQOCE bit=0 the counter is reset and counting stops.

=
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(2) Using external event count mode

(a) Operation when TQOCCRO register is set to FFFFH
When the TQOCCRO register is set to FFFFH, the 16-bit counter increments up to FFFFH upon detection of the
valid edge of the external event count signal and is reset to 0000H in synchronization with the next increment
timing. The INTTQOCCO signal is then generated. At this time, the TQOOPTO0.TQOOVF bit is not set to 1.

Figure 7-21. Operation When TQOCCRO Register Is Set to FFFFH

FFFFH

16-bit counter

0000H

TQOCE bit

TQOCCRQO register FFFFH

INTTQOCCO signal 1 1 1

External event | External event | External event
count signal count signal count signal
interval interval interval
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(b) Notes on rewriting TQOCCRO register
When rewriting the value of the TQOCCRO register to a smaller value, stop counting first and then change the
set value.
If the value of the TQOCCRO register is rewritten to a smaller value during counting, the 16-bit counter may
overflow.

Figure 7-22. Rewriting TQOCCRO Register

FFFFH
D1 —— D1

16-bit counter
D2 D2—— D2——

0000H

TQOCE bit

TQOCCRO register
(CCRO buffer register)

INTTQOCCO signal —l —l —l

External event External event count signal |External event

D+ D2

count signal interval (NG) count signal
interval (1) (10000H + D2 + 1) interval (2)
(D1 + 1) (D2 +1)

If the value of the TQOCCRO register is changed from D1 to D2 while the counter value is greater than D2 but
less than D1, the TQOCCRO register value is transferred to the CCRO buffer register as soon as the register has
been rewritten. Consequently, the value that is compared with the 16-bit counter value is Dz.

Because the counter value has already exceeded D2, however, the 16-bit counter increments up to FFFFH,
overflows, and then increments up again from 0000H. When the counter value matches Dz, the INTTQOCCO
signal is generated.

Therefore, the INTTQOCCO signal may not be generated at the valid edge of the external event count signal
when the external event count is “(D1 + 1)” or “(D2 + 1)” as originally expected, but instead may be generated at
the valid edge of the external event count signal when the external event count is “(10000H + D2 + 1)”.
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(c) Operation of TQOCCR1 to TQOCCRS3 registers
The TQOCCR1 to TQOCCRS registers are configured as follows in the external event count mode.

Figure 7-23. Configuration of TQOCCR1 to TQOCCR3 Registers

TQOCCRH1
register

iy

CCR1 buffer
register

{} Match signal .
> 9 INTTQOCCH signal

TQOCCR2
register

U

CCR2 buffer
register

<. Mtch signa INTTQOCC2 signal

TQOCCR3
register

1§

CCRS buffer
register

L - Maton sgnal INTTQOCCS signal

Clear

. Edge
TIQOO0 pin ©— dete?:tor :>—~ 16-bit counter

Match signal
{} '9 INTTQOCCO signal

ﬁ

TQOCE bit CCRO buffer register

Tt

TQOCCRQO register
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If the value of the TQOCCRK register is less than or equal to the value of the TQOCCRO register, the
INTTQOCCKk signal is generated once per cycle.

A chart showing the timing of operations when the value of the TQOCCRKk register (D«1) is less than or equal to
the value of the TQOCCRO register (Do1) is shown below.

Remark k=1to3

Figure 7-24. Timing of Operations When Do1 > Dk1

FFFFH Do Doi Dor Do1

16-bit counter D11~

o
o

D21ZZ D21ZZ szfz

0000H

TQOCE bit

TQOCCRQO register
(CCRO buffer register)

INTTQOCCO signal -| -| -| L

TQOCCRT1 register D11

INTTQOCCH1 signal -| -| -| -|

TQOCCR2 register D21

INTTQOCC2 signal -| -| -| _|

TQOCCRS register Da1

INTTQOCCS3 signal -| -| -| -|
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If the value of the TQOCCRK register is greater than the value of the TQOCCRO register, the value of the 16-bit
counter will not match the value of the TQOCCRKk register and the INTTQOCCKk signal will not be generated.

A chart showing the timing of operations when the value of the TQOCCRK register (Dk1) is greater than the
value of the TQOCCRO register (Do1) is shown below.

Remark k=1to3

Figure 7-25. Timing of Operations When Do1 < Dk1

FFFFH Dot Dot Dot Dot

16-bit counter

0000H

TQOCE bit

TQOCCRQO register
(CCRO buffer register)

INTTQOCCO signal -| -| -| L

TQOCCRT1 register D11

INTTQOCC1 signal |

TQOCCR2 register D21

INTTQOCC2 signal L

TQOCCRBS register Da1

INTTQOCC3 signal |
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7.4.3 External trigger pulse output mode (TQOMD2 to TQOMDO bits = 010)

In the external trigger pulse output mode, when the TQOCTLO.TQOCE bit is set to 1, TMQO waits for a trigger, which is
the valid edge of the external trigger input signal, and starts incrementing when this trigger is detected. TMQO then
outputs a PWM waveform from the TOQO01 to TOQOS pins.

Pulses can also be output by generating a software trigger instead of using the external trigger. When using a software
trigger instead of the external trigger, a square wave that has one cycle of the PWM waveform as half its cycle can also be
output from the TOQOO pin.

Remarks 1. For how to set the TIQ00 and TOQOO to TOQOS3 pins, see Table 7-2 Pins Used by TMQO and Table 4-17
Settings When Pins Are Used for Alternate Functions.
2. For how to enable the INTTQOCCO to INTTQOCCS interrupt signals, sese CHAPTER 19 INTERRUPT
SERVICING/EXCEPTION PROCESSING FUNCTION.

Figure 7-26. Configuration of TMQO in External Trigger Pulse Output Mode

TQOCCRH1
register
{ T Transfer
z
) Output
CCR1 buffer D> S controller —~@© TOQO1 pin
register T R (RS-FF)
4 - wateh signa ‘ INTTQOCC signal
TQOCCR2
register
@ Transfer
s Output
CCR2 buffer controller [~© TOQO02 pin
register T R (RS-FF)
Match signal
{} 9 y INTTQOCC?2 signal
TQOCCR3
register
U Transfer |
CCR3 buff s Outeut
, Edge burrer controller -~@© TOQO3 pin
TIQ00 pin O—| yetector register T R (RS-FF)
Match signal
{} 9 ¢ INTTQOCCS signal
Software trigger Clear
generation
Count Count Output
clock D—- start | 16-bit counter D—» controller =@ TOQOO pin
selection control 1 (toggle)
% Match signal INTTQOCCO signal
TQOCE bit CCRO buffer register
ﬁ Transfer
TQOCCRO register
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Figure 7-27. Basic Timing of Operations in External Trigger Pulse Output Mode

FFFFH D D Do
Ds ~Z1— Ds ~1— Da;élf

bi D~ D~ Dz D~
16-bit counter D1/ D1/ D D1/ D1Z

0000H

TQOCE bit

External trigger input '| '| '|
(TIQOO pin input)

TQOCCRQO register
(CCRO buffer register)

INTTQOCCO signal -| -| L

TOQOO0 pin outputNote

Do

TQOCCRT register
(CCR1 buffer register) D1

INTTQOCC1 signal -| -| -| -|

TOQO1 pin output

ot [ |

Active level Active level Active level Active level Active level
width width width width width
(D) (D) (D) (D) (D1)

TQOCCRR2 register
(CCR2 buffer register) D2

INTTQOCC2 signal -| -| -|

TOQO2 pin output

Active level Active level Active level
width (D2) width (D2) width (D2)

TQOCCRS register

(CCRS buffer register) Ds

INTTQOCCS signal -| -| -|

TOQO3 pin output

Active level Active level
width (Ds) width (Ds)

Wait Cycle (Do + 1)  Cycle (Do + 1)
for trigger

Note The output from the TOQOO pin can also be used as the input to the TIQ00 pin. When using the output
from the TOQOO pin as the input to the TIQOO pin, use a software trigger instead of an external trigger.
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When the TQOCE bit is set to 1, TMQO waits for a trigger. When the trigger is generated, the 16-bit counter is cleared
from FFFFH to 0000H, starts incrementing, and outputs a PWM waveform from the TOQOk pin. If the trigger is generated
again while the counter is incrementing, the counter is cleared to 0000H and restarts incrementing, and the output of the
TOQOO pin is inverted. (The TOQOk pin outputs a high level signal regardless of the status (high/low) when a trigger
occurs.)

The active level width, cycle, and duty factor of the PWM waveform can be calculated as follows.

Active level width = (Set value of TQOCCRKk register) x Count clock cycle
Cycle = (Set value of TQOCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TQOCCRKk register)/(Set value of TQOCCRO register + 1)

The INTTQOCCO compare match interrupt request signal is generated when the 16-bit counter increments next time
after its value matches the value of the CCRO buffer register, and the 16-bit counter is cleared to 0000H. The INTTQOCCk
compare match interrupt request signal is generated when the value of the 16-bit counter matches the value of the CCRk
buffer register.

Either the valid edge of the external trigger input signal or setting the software trigger (TQOCTL1.TQOEST bit) to 1 is
used as the trigger.

Remark k=11t03

Figure 7-28. Register Settings in External Trigger Pulse Output Mode (1/3)

(a) TMQO control register 0 (TQOCTLO)
TQOCE TQOCKS2 TQOCKS1 TQOCKSO0
TQOCTLO | o \ 0 \ 0 \ 0 \ 0 \ 0/1 \ o \ o |

These bits select
the count clock.
0: Stop counting.
1: Enable counting.

RO1UHO0018EJ0200 Rev.2.00 Page 350 of 969
Mar 25, 2014 RENESAS



V850ES/JC3-L, V850ES/JE3-L OBCHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

Figure 7-28. Register Settings in External Trigger Pulse Output Mode (2/3)

(b) TMQO control register 1 (TQOCTL1)

TQOEST TQOEEE TQOMD2 TQOMD1 TQOMDO
Taoctti [ o | or | o | o | o | o | 1 [ o |

0,1,0:
L External trigger pulse
output mode

Writing 1 generates
a software trigger.

(c) TMQO I/O control register 0 (TQ0IOCO)
TQOOL3 TQOOE3 TQOOL2 TQOOE2 TQOOL1 TQOOE{ TQOOLO TQOOEOQ
TQOIOCOl 0/1 \ 0/1 \ 0/1 \ 0/1 \ 0/1 \ 0/ \ 0/Note

0/1 Note

0: Disable TOQOO pin output.
1: Enable TOQOO pin output.

Output level when TOQOO pin
is disabled:

0: Low level

1: High level

0: Disable TOQO1 pin output.
1: Enable TOQO1 pin output.

Active level of TOQO1 pin
output:

0: High level

1: Low level

0: Disable TOQO2 pin output.
1: Enable TOQO2 pin output.

Active level of TOQO02 pin
output:

0: High level

1: Low level

0: Disable TOQO3 pin output.
1: Enable TOQOS3 pin output.

Active level of TOQO3 pin
output:

0: High level

1: Low level

e When TQOOLK bit is 0: e When TQOOLK bit is 1:

16-bit counter /I/I/I/I/ 16-bit counter /I/I/I/I/

TOQOkpinoutput _ 11 I L I— TOQOk pinoutput —™_ 11 1

Note Set this bit to 0 when not using the TOQOO pin in external trigger pulse output mode.
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Figure 7-28. Register Settings in External Trigger Pulse Output Mode (3/3)

(d) TMQO I/O control register 2 (TQ0IOC?2)

TQOEES1 TQOEESO TQOETS1 TQOETSO
TQOIOCZlO‘0‘0‘0‘0‘0‘0/1‘0/1'

These bits select the

valid edge of the external
trigger input.

(e) TMQO counter read buffer register (TQOCNT)
The value of the 16-bit counter can be read by reading this register.

(f) TMQO capture/compare registers 0 to 3 (TQOCCRO to TQOCCR3)
If the TQOCCRO register is set to Do, the TQOCCR1 register is set to D1, the TQOCCR2 register is set to
D2, and the TQOCCRS3 register is set to D3, the PWM waveform is as follows:

PWM waveform cycle = (Do + 1) x Count clock cycle

Active level width of PWM waveform from TOQO1 pin = D1 x Count clock cycle
Active level width of PWM waveform from TOQO2 pin = D2 x Count clock cycle
Active level width of PWM waveform from TOQO3 pin = D3 x Count clock cycle

Remarks 1. TMQO 1I/O control register 1 (TQOIOC1) and TMQO option register 0 (TQOOPTO) are not
used in the external trigger pulse output mode.
2. Updating TMQO capture/compare register 2 (TQOCCR2) and TMQO capture/compare

register 3 (TQOCCRS3) is enabled by writing to TMQO capture/compare register 1
(TQOCCRY1).
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(1) Operations in external trigger pulse output mode

Figure 7-29. Timing and Processing of Operations in External Trigger Pulse Output Mode (1/2)

FFFFH
Doi,
16-bit counter Dog / Dog Dog Dog Dog
Ds1 Dst Dst D31~
chl?f D11I,3§'Z D1 %’Zz chl?gj D21ZZ D11D§'Z
Dio| A Dig~1 D1[
0000H
TQOCE bit
External trigger input -|
(TIQOO pin input)
TQOCCRO register x Doo Dot X Doo
CCRO bulffer register boo Dot boo

INTTQOCCO signal -| -| -| -| -l

TOQOO pin output —
(only when software
trigger is used) —

TQOCCRHT register x D1o D11 X D11 D1o D1o D11

CCRH1 buffer register X D1o D11 D11 D1o D1o D11

INTTQOCC signal -| -| -l -l -l

TOQO1 pin output

TQOCCR2 register x D20 D21 D20 D21

CCR2 buffer register X D20 Da1 D20 D21

INTTQOCC?2 signal -| -| -| -| -|

TOQO2 pin output

TQOCCRS register x Dao Dat Dao Dat

CCRB3 bulffer register X Dao Da1 Do Ds1

INTTQOCCS signal -l -l -l -l H

TOQOS3 pin output

I T bt ?

<1> <2> <3> <4> <5> <6> <7>
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Figure 7-29. Timing and Processing of Operations in External Trigger Pulse Output Mode (2/2)

<1> Starting counting

START

Set up the registers
TQOCTLO register
(TQOCKSO0 to TQOCKS?2 bits)
TQOCTLA1 register
TQOIOCO register
TQOIOC2 register
TQOCCRO to TQOCCRS3 registers

Be sure to set up these
registers before setting the
TQOCE bit to 1.

Counting starts

(TQOCE bit = 1).

The TQOCKSO to TQOCKS2
bits can be set here.

TQOCE bit =1

Waiting for trigger

<2> Changing both the cycle and the duty
When changing both the cycle and the duty, be sure
to write to the TQOCCRO, TQOCCR2, and TQOCCR3
registers before writing to the TQOCCR1 register.

K

Set the TQOCCRO, TQOCCR2,
and TQOCCRS registers

After setting the TQOCCRm
registers, their values are
transferred to the CCRm
buffer registers when the
counter is cleared.

Set the TQOCCR1 register

<3> Changing the cycle
The TQOCCR1 register must be written (the same
value) even when only changing the cycle setting.

|

Set the TQOCCRO register

After setting the TQOCCRm
registers, their values are
transferred to the CCRm

‘ buffer registers when the
counter is cleared.

Set the TQOCCR1 register

Remark m=0to0 3

<4> Changing the duty
When changing the duty, be sure to write to the
TQOCCR2 and TQOCCRS registers before writing
to the TQOCCR1 register.

{ After setting the TQOCCRm
Set the TQOCCR2 and registers, their values are
TQOCCRS registers transferred to the CCRm
‘ buffer registers when the
counter is cleared.

Set the TQOCCRH1 register

<5> Changing the duty of the TOQO02 and TOQO03
outputs
The TQOCCRT1 register must be written (the
same value) even when only changing the duty
of the TOQO02 and TOQO3 outputs.

{ After setting the TQOCCRm

Set the TQOCCR2 and
TQOCCRS registers

Set the TQOCCR1 register

registers, their values are
transferred to the CCRm
buffer registers when the
counter is cleared.

<6> Changing the duty of the TOQO01 output
Only the TQOCCRHT register has to be written
when only changing the duty of the TOQO1 output.

|

Set the TQOCCR1 register

<7> Stopping counting

TQOCE bit=0

STOP

After setting the TQOCCRm
registers, their values are
transferred to the CCRm
buffer registers when the
counter is cleared.

Disables counting.
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(2) Using external trigger pulse output mode
How to change the PWM waveform in the external trigger pulse output mode is described below.

(a) Changing the PWM waveform while the counter is incrementing
To change the PWM waveform while the counter is incrementing, write to the TQOCCR1 register after changing
the waveform setting. When rewriting the TQOCCRK register after writing to the TQOCCR1 register, do so after
the INTTQOCCO signal has been detected.
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Figure 7-30. Changing PWM Waveform While Counter Is Incrementing

FFFFH

Do1 Dot
_bi Doo Doo Doo Dat Da1
16-bit counter DsoZl’ Dao Dao T Dat A D21
5 D20 /1 5 D20 /1 b D20 D11 D11 /]
0000H 10 /] 10 /] 10 /]
TQOCE bit
External trigger input
(TIQOO pin input)
TQOCCRO register x Doo Dot
: 7
CCRO buffer register Doo Dot

INTTQOCCO signal —| é _| —| —| —|_

TOQOO pin outputhete

TQOCCR1 register x Do | ! D1

CCR1 buffer register D1o : D11

INTTQOCCH signal 1 1 1 1 1

TOQO1 pin output 1 :

TQOCCR?2 register x D20 D21

CCR2 buffer register Dzo ; Dz

INTTQOCC2 signal —| E —| : —| —| —|

TOQO2 pin output !

TQOCCRS3 register >< Dao

CCRS buffer register
INTTQOCCS signal 1 : 1 : 1 1 1

TOQO3 pin output

A A

Rewrite the TQOCCR1 register after rewriting
the TQOCCRO, TQOCCR2, and TQOCCRS3 registers.

Note The output from the TOQOO pin can also be used as the input to the TIQ00 pin. When using the
output from the TOQOO pin as the input to the TIQOO pin, use a software trigger instead of an external
trigger.
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In order to transfer data from the TQOCCRm register to the CCRm buffer register, the TQOCCR1 register must
be written.

After data is written to the TQOCCR1 register, the value written to the TQOCCRm register is transferred to the
CCRm buffer register in synchronization with clearing of the 16-bit counter, and is used as the value to be
compared with the 16-bit counter value.

<1> To change both the cycle and active level width of the PWM waveform, first set the cycle to the
TQOCCRO register and then set the active level width to the TQOCCR2 and TQOCCRS registers, before
setting the active level width to the TQOCCR1 register.

<2> To change only the cycle of the PWM waveform, first set the cycle to the TQOCCRO register, and then
write the same value to the TQOCCR1 register (that is, the same value as the value already specified for
the TQOCCRH1 register).

<3> To change only the active level width (duty factor) of the PWM waveform, first set the active level width to
the TQOCCR2 and TQOCCRS registers, and then set the active level width to the TQOCCR1 register.

<4> To change only the active level width (duty factor) of the PWM waveform output from the TOQO1 pin, only
the TQOCCR1 register has to be set.

<5> To change only the active level width (duty factor) of the PWM waveform output from the TOQO2 and
TOQO3 pins, first set the active level width to the TQOCCR2 and TQOCCRBS registers, and then write the
same value to the TQOCCR1 register (that is, the same value as the value already specified for the
TQOCCRT1 register).

Caution To rewrite the TQOCCRO to TQOCCRS3 registers after writing the TQOCCR1 register, do so
after the INTTQOCCO signal has been generated; otherwise, the value of the CCRm buffer
register may become undefined because the timing of transferring data from the
TQOCCRm register to the CCRm buffer register conflicts with writing the TQOCCRm
register.

Remark m=0to3
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(b) Outputting a 0% or 100% PWM waveform
To output a 0% waveform, clear the TQOCCRKk register to 0000H. Note that if the set value of the TQOCCRO
register is FFFFH, the INTTQOCCKk signal is generated periodically.

Figure 7-31. Outputting 0% PWM Waveform

Count clock | | | | | | | | | | | | | | | | | | |
16-bit counter = FFFF X 0000 ::X Do — 1X Do 0000 X 0001 x ::X Do - 1X Do 0000 x
§

TQOCE bit J
Trigger input | |

TQOCCRO register Do

((
)

Do Do

(
)
(( ((
I I
)] )T
(
)
(

INTTQOCCO signal

INTTQOCCKk signal

TOQOK pin output

Remark k=1t03
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To output a 100% waveform, set the value of TQOCCRO register + 1 to the TQOCCRKk register.
If the value of the TQOCCRO register is FFFFH, a 100% waveform cannot be output.

Figure 7-32. Outputting 100% PWM Waveform

{
)
{
)

Count clock | | | | | | | | | | | | | | | | | | |
16-bit counter  FFFF X 0000 ::X Do — 1X Do 0000 X 0001 X ::X Do - 1X Do 0000 x
5 9
TQOCE bit
Trigger input | |
! ??
)] )]
TQOCCRO register Do Do Do
! !
)] )]
TQOCCRK register Do + 1 ( Do +1 ) Do + 1
INTTQOCCO signal | |
§ oY
INTTQOCCK signal {
)
(
)

TOQOkK pin output

Remark k=1t03
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(c) Detection of trigger immediately before or after INTTQOCCk generation
If the trigger is detected immediately after the INTTQOCCk signal is generated, the 16-bit counter is
immediately cleared to 0000H, the output signal of the TOQOK pin is set to the active level, and the counter
continues incrementing. Consequently, the inactive period of the PWM waveform is shortened.

Figure 7-33. Detection of Trigger Inmediately After INTTQOCCk Signal Was Generated

16-bit counter ~ FFFF X 0000 ka—1 D« [{ 0000 X
External trigger input
(TIQOO pin input)

CCRKk buffer register D«

INTTQOCCK signal _l

TOQOK pin output

Shortened

Remark k=1to3

If the trigger is detected immediately before the INTTQOCCK signal is generated, the INTTQOCCK signal is not
generated, and the 16-bit counter is cleared to 0000H and continues incrementing. The output signal of the
TOQOk pin remains active. Consequently, the active period of the PWM waveform is extended.

Figure 7-34. Detection of Trigger Inmediately Before INTTQOCCk Signal Is Generated

16-bit counter ~ FFFF |[X 0000 x Dk — 2X X 0000 X 0001 x x Dk -1

External trigger input
(TIQOO pin input)

CCRKk buffer register Dk
{( {(
)] )]
INTTQOCCK signal N B |
) )
TOQOk pin output
Extended

Remark k=1t03
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(d) Detection of trigger immediately before or after INTTQOCCO generation
If the trigger is detected immediately after the INTTQOCCO signal is generated, the 16-bit counter is cleared to
0000H and continues incrementing. Therefore, the active period of the TOQOk pin is extended by the amount
of time between the generation of the INTTQOCCO signal and the detection of the trigger.

Figure 7-35. Detection of Trigger Inmediately After INTTQOCCO Signal Was Generated

16-bit counter ~ FFFF .0000 x Do — 1X Do | 0000 OOOOX:

External trigger input
(TIQOO0 pin input) o

CCRO buffer register Do
{(
)]
INTTQOCCO signal B |
)]
TOQOk pin output
JE— (——
Extended

Remark k=1t03

If the trigger is detected immediately before the INTTQOCCO signal is generated, the INTTQOCCO signal is not
generated. The 16-bit counter is cleared to 0000H, the TOQOk pin output is set to the active level, and the
counter continues incrementing. Consequently, the inactive period of the PWM waveform is shortened.

Figure 7-36. Detection of Trigger Inmediately Before INTTQOCCO Signal Is Generated

|
16-bit counter ~ FFFF .0000 x Do — 1X Do [X 0000 X 0001 X:

External trigger input
(TIQOO0 pin input)

CCRO buffer register Do

INTTQOCCO signal

TOQOk pin output

||

Shortened

Remark k=1t03
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(e) Timing of generating the compare match interrupt request signal (INTTQOCCk)
In the external trigger pulse output mode, the INTTQOCCKk signal is generated when the value of the 16-bit
counter matches the value of the TQOCCRK register.

Figure 7-37. Timing of Generating Compare Match Interrupt Signal (INTTQO0CCk)

Count clock

16-bit counter D1-2 X D1 -1 D1 X D1+ 1 X Di+2

TQOCCRK register D1

TOQOkK pin output

INTTQOCCK signal

Remark k=1t03
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7.4.4 One-shot pulse output mode (TQOMD2 to TQOMDO bits = 011)

In the one-shot pulse output mode, when the TQOCTLO.TQOCE bit is set to 1, TMQO waits for a trigger, which is the
valid edge of the external trigger input, and starts incrementing when this trigger is detected. TMQO then outputs a one-
shot pulse from the TOQO01 to TOQOS pins.

Instead of the external trigger, a software trigger can also be generated to output the pulse. When the software trigger
is used, the TOQOO pin outputs the active level signal while the 16-bit counter is incrementing, and the inactive level signal
when the counter is stopped (waiting for a trigger).

Remarks 1. For how to set the TIQ00 and TOQOO0 to TOQOS3 pins, see Table 7-2 Pins Used by TMQO and Table 4-17
Settings When Pins Are Used for Alternate Functions.
2. For how to enable the INTTQOCCO to INTTQOCCS interrupt signals, see CHAPTER 19 INTERRUPT
SERVICING/EXCEPTION PROCESSING FUNCTION.

Figure 7-38. Configuration of TMQO in One-Shot Pulse Output Mode

TQOCCR1
ist
{ T register Transfer
} Qutput
CCR1 buffer controller |~@© TOQO01 pin
register R (RS-FF)
{} Match signal ‘ INTTQOCCH signal
TQOCCR2
register
i ‘ Transfer
} Output
CCR2 buffer controller O TOQO02 pin
register R (RS-FF)
{} Match signal ‘ INTTQOCC2 signal
TQOCCR3
register
_ Edgo il,ﬂ
TIQ00 pin © detector Output
CCR3 buffer controller [~@©) TOQO03 pin
register R (RS-FF)
Software trigger .
generation & Match signal | | INTTQOCCS signal
] j Clear | L
Count clock ) Count start| _| 16-bit counter S cc())nL:trgﬁ:er —© TOQOO pin
selection control —{R (RS-FF)
Match si |
{} a’ch signa INTTQOCCO signal
TQOCE bit CCRO buffer register
i
Transfer
TQOCCRO register
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Figure 7-39. Basic Timing of Operations in One-Shot Pulse Output Mode

FFFFH Do Do Do

16-bit counter }/ }/ }/
’ D2 D2 Do

D1 Z D1 Z D1 Z
0000H
TQOCE bit
External trigger input '| '| |'| '|
(TIQOO pin input)
TQOCCRO register :X Do

INTTQOCCO signal -| -| _I_

TOQOO0 pin outputNete

TQOCCRT1 register x D+

INTTQOCCH signal '| '| '|

TOQO1 pin output

Delay Active Delay Active Delay Active
(D1) level width (D1) level width (D1) level width
(Do—D1+ 1) (Do—D1+ 1) (Do—D1+ 1)
TQOCCR?2 register x D>
INTTQOCC2 signal -| -| -|
TOQO2 pin output
Delay Active Delay Active Delay Active
(D2) level width (D2) level width (D2)  level width
(Do—D2+ 1 (Do—D2+ 1 (Do—D2 + 1
TQOCCRS register x Ds
INTTQOCCS signal -| -| -|
TOQO3 pin output
Wait  Delay Active Delay Active Delay Active
for (Ds) level width (D3) level width (Ds) level width
trigger (Do—Ds + 1) (Do—Ds3 + 1) (Do—Ds + 1)

Note The output from the TOQOO pin can also be used as the input to the TIQ00 pin. When using the output
from the TOQOO pin as the input to the TIQOO pin, use a software trigger instead of an external trigger.
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When the TQOCE bit is set to 1, TMQO waits for a trigger. When the trigger is generated, the 16-bit counter is cleared
from FFFFH to 0000H, starts incrementing, and outputs a one-shot pulse from the TOQOk pin. After the one-shot pulse is
output, the 16-bit counter is set to 0000H, stops incrementing, 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 TQOCCRKk register) x Count clock cycle
Active level width = (Set value of TQOCCRO register — Set value of TQOCCRKk register + 1) x Count clock cycle

The INTTQOCCO compare match interrupt request signal is generated when the 16-bit counter increments next time
after its value matches the value of the CCRO buffer register. The INTTQOCCk compare match interrupt request signal is
generated when the value of the 16-bit counter matches the value of the CCRk buffer register.

Either the valid edge of the external trigger input signal or setting the software trigger (TQOCTL1.TQOEST bit) to 1 is
used as the trigger.

Remark k=1to3

Figure 7-40. Register Settings in One-Shot Pulse Output Mode (1/3)

(a) TMQO control register 0 (TQOCTLO)
TQOCE TQOCKS2 TQOCKS1 TQOCKSO0
TaocTo [ o1 | o | o | o | o [ o | ot | on |

These bits select
the count clock.

0: Stop counting.

1: Enable counting.

(b) TMQO control register 1 (TQOCTL1)

TQOEST TQOEEE TQOMD2 TQOMDY TQOMDO
TQOCTL1|0‘O/1‘O‘O‘O‘O‘1‘1|

0,1,1:
One-shot pulse output mode

Writing 1 generates a software
trigger.

RO1UHO0018EJ0200 Rev.2.00 Page 365 of 969
Mar 25, 2014 RENESAS



V850ES/JC3-L, VB850ES/JE3-L CHAPTER 7 16-BIT TIMER/EVEVT COUNTER Q (TMQ)

Figure 7-40. Register Settings in One-Shot Pulse Output Mode (2/3)

(c) TMQO I/O control register 0 (TQ0IOCO0)
TQOOL3 TQOOE3 TQOOL2 TQOOE2 TQOOL1 TQOOE1 TQOOLO TQOOEO
Taoloco [ on | o | ot | on | om | on | o

0/1 Note

0: Disable TOQOO pin output.
1: Enable TOQOO pin output.

Output level when TOQ00
pin is disabled:

0: Low level

1: High level

0: Disable TOQO1 pin output.
1: Enable TOQO1 pin output.

Active level of TOQO1 pin
output:

0: High level

1: Low level

0: Disable TOQO2 pin output.
1: Enable TOQO2 pin output.

Active level of TOQO2 pin
output:

0: High level

1: Low level

0: Disable TOQO3 pin output.
1: Enable TOQOS3 pin output.

Active level of TOQO3 pin
output:

0: High level

1: Low level

e When TQOOLK bit is 0: e When TQOOLK bit is 1:

16-bit counter e | J/ | 16-bit counter e | e |

TOQOK pin output 1 | I TOQOK pin output LT |

(d) TMQO I/O control register 2 (TQ0IOC2)

TQOEES1 TQOEESO TQOETS1 TQOETSO
TQOIOCZlO‘O‘O‘0‘0‘0‘0/1‘0/1|

These bits select the

valid edge of the external
trigger input.

(e) TMQO counter read buffer register (TQOCNT)
The value of the 16-bit counter can be read by reading this register.

Note Clear this bit to 0 when the TOQOO pin is not used in the one-shot pulse output mode.
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Figure 7-40. Register Settings in One-Shot Pulse Output Mode (3/3)

(f) TMQO capture/compare registers 0 to 3 (TQOCCRO to TQOCCR3)
If the TQOCCRO register is set to Do and the TQOCCRK register is set to Dk, the one-shot pulse is as
follows:

One-shot pulse active level width = (Do — Dk + 1) x Count clock cycle
One-shot pulse output delay period = Dk x Count clock cycle

Caution One-shot pulses are not output from the TOQOk pin in the one-shot pulse output mode if
the value of the TQOCCRKk register is greater than the value of the TQOCCRO register.

Remarks 1. TMQO I/O control register 1 (TQOIOC1) and TMQO option register 0 (TQOOPTO0) are not
used in the one-shot pulse output mode.
2. k=1103
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(1) Operations in one-shot pulse output mode

Figure 7-41. Timing and Processing of Operations in One-Shot Pulse Output Mode (1/2)
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Dog

Ds / —
16-bit counter Dzoji D31/
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D21
DmZ D11 AT

0000H

TQOCE bit

External trigger input |'|
(T1QOO0 pin input)

TQOCCRO register :X Doo Dot

INTTQOCCO signal -|

TOQOO pin output
(only when software
trigger is used)

TQOCCRT1 register :X D1o D11

INTTQOCCH1 signal

TOQO1 pin output

TQOCCR2 register :X D20 D21

INTTQOCC2 signal

TOQO2 pin output

TQOCCRBS register :X Dao Dst

INTTQOCCS3 signal

TOQOS3 pin output

<1> <2> <3>
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Figure 7-41. Timing and Processing of Operations in One-Shot Pulse Output Mode (2/2)

<1> Starting counting

C

START

)

Set up the registers
TQOCTLO register

TQOCTLA1 register
TQOIOCO register
TQOIOC2 register

(TQOCKSO0 to TQOCKS?2 bits)

TQOCCRO to TQOCCRS registers

TQOCE bit =1

Remark m=0to 3

Be sure to set up these
registers before setting
the TQOCE bit to 1.

Counting is enabled
(TQOCE bit = 1).

The TQOCKSO to
TQOCKS?2 bits can be
set here.

Waiting for trigger

<2> Changing the TQOCCRO to TQOCCRB3 register settings

Set the TQOCCRO to TQOCCR3
registers

<3> Stopping counting

TQOCE bit=0

C=

Because the TQOCCRm
register value will be
transferred to the CCRm
buffer register as soon as
the TQOCCRm register is
rewritten, it is recommended
to rewrite the TQOCCRm
register immediately after
the INTTQOCCRO signal is
generated.

Disables counting.
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(2) Using one-shot pulse mode

(a) Rewriting the TQOCCRm register
When rewriting the value of the TQOCCRm register to a smaller value, stop counting first and then change the
set value.
When changing the value of the TQOCCRO register from Doo to Dot and the value of the TQOCCRKk register
from Dko to D1, if the registers are rewritten under any of the following conditions, a one-shot pulse will not be
output as expected.

Condition 1 When rewriting the TQOCCRO register, if:
Doo > Dot or,
Doo < 16-bit counter value < Do+

In the case of condition 1, the 16-bit counter will not be cleared and will overflow in the cycle in which the new
value is being written. The counter will be cleared for the first time at the newly written value (Do1).

Condition 2 When rewriting the TQOCCRKk register, if:
Dxo > D«1 or,
Dko < 16-bit counter value < Dk1

In the case of condition 2, the TOQOK pin output cannot be inverted to the active level in the cycle in which the
new value is being written.

An example of what happens when condition 1 and condition 2 are satisfied in the same cycle is shown in
Figure 7-42.

The 16-bit counter increments up to FFFFH, overflows, and starts incrementing again from 0000H.

When the 16-bit counter value matches Dk1, the INTTQOCCK signal is generated and the TOQOk pin output is
set to the active level. Subsequently, when the 16-bit counter value matches Do1, the INTTQOCCO signal is
generated, the TOQOk pin output is set to the inactive level, and the counter stops incrementing.

Remark m=0to0 3
K=1t03
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Figure 7-42. Rewriting TQOCCRm Register

FFFFH
Dog Dog

Dot Doy
16-bit counter Dxo Dk~ B
/ Dkt D1
0000H

TQOCE bit

External trigger input |'|
(T1QOO0 pin input)

TQOCCRO register :X
(CCRO buffer register) Doo X Do

INTTQOCCO signal

TOQOO pin outputNote

TQOCCRKk register

(CCRKk buffer register) Do X Di

Ld

INTTQOCCKk signal

TOQOK pin output

et

Delay Delay Delay
(Dxo) (10000H + Dk1) (D)
Active level width T Active level width Active level width
(Do — Dxo + 1) <Condition 2> (Dot — Dkt + 1) (Dot — Dkt + 1)
<Condition >

Note The output from the TOQOO pin can also be used as the input to the TIQO0 pin. When using the output
from the TOQOO pin as the input to the TIQOO pin, use a software trigger instead of an external trigger.

Remark m=0t03
k=1t0o3
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(b) Timing of generating the compare match interrupt request signal (INTTQOCCk)
In the one-shot pulse output mode, the INTTQOCCKk signal is generated when the value of the 16-bit counter
matches the value of the TQOCCRKk register.

Figure 7-43. Timing of Generating Compare Match Interrupt Signal (INTTQO0CCk)

Count clock
16-bit counter Dk—-2 X Dk — 1 Dk X Dk + 1 X Dk + 2
TQOCCRKk register D«

TOQOK pin output

INTTQOCCK signal

Remark k=1to3
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7.4.5 PWM output mode (TQOMD2 to TQOMDO bits = 100)

In the PWM output mode, when the TQOCTLO.TQOCE bit is set to 1, TMQO outputs a PWM waveform from the TOQO1
to TOQOS3 pins.

A pulse that has one cycle of the PWM waveform as half its cycle can also be output from the TOQOO pin.

Remarks 1. For how to set the TIQ00 and TOQOO to TOQOS3 pins, see Table 7-2 Pins Used by TMQO and Table 4-17
Settings When Pins Are Used for Alternate Functions.
2. For how to enable the INTTQOCCO to INTTQOCCS interrupt signals, see CHAPTER 19 INTERRUPT
SERVICING/EXCEPTION PROCESSING FUNCTION.

Figure 7-44. Configuration of TMQO in PWM Output Mode
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Figure 7-45. Basic Timing of Operations in PWM Output Mode
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TQOCCRQO register

INTTQOCCO signal

TOQOO pin output

TQOCCRHT register

INTTQOCCH1 signal

TOQO1 pin output

TQOCCR2 register

INTTQOCC2 signal

TOQO2 pin output

TQOCCRBS register

INTTQOCCS signal

TOQOS3 pin output

Do Do Do Do
Ds_~1 Ds _A Ds _A Ds _A
D> / D2 / D2 / D2 Z
D1~ D1 Z D1 D1 /
x Do
:X D1
Active Active Active Active
level width level width level width level width
(D) (D) (D) (D)
x D2
Active Active Active Active
level width level width level width level width
(D2) (D2) (D2) (D2)
x Ds
Active level Active level Active level Active level
width (Ds) width (Ds) width (Ds) width (Ds)
Cycle (Do+ 1) | Cycle (Do+ 1) | Cycle (Do+ 1) | Cycle (Do + 1)
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When the TQOCE bit is set to 1, the 16-bit counter is cleared from FFFFH to 0000H, starts incrementing, and outputs a
PWM waveform from the TOQOKk pin.

The active level width, cycle, and duty factor of the PWM waveform can be calculated as follows:

Active level width = (Set value of TQOCCRKk register) x Count clock cycle
Cycle = (Set value of TQOCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TQOCCRKk register)/(Set value of TQOCCRO register + 1)

The PWM waveform can be changed by rewriting the TQOCCRm register while the counter is incrementing. The newly
written value is reflected when the value of the 16-bit counter matches the value of the CCRO buffer register and the 16-bit
counter is cleared to 0000H.

The INTTQOCCO compare match interrupt request signal is generated when the 16-bit counter increments next time
after its count value matches the value of the CCRO buffer register, and the 16-bit counter is cleared to 0000H. The

INTTQOCCk compare match interrupt request signal is generated when the value of the 16-bit counter matches the value
of the CCRKk buffer register.

Remark k=11t03
m=0to 3

Figure 7-46. Register Settings in PWM Output Mode (1/3)

(a) TMQO control register 0 (TQOCTLO)

TQOCE TQOCKS2 TQOCKS1T TQOCKSO
TQOCTLO|0/1‘ o\o \ 0\0\0/1\0/1\0/1|

These bits select the
count clockNete,

0: Stop counting.
1: Enable counting.

(b) TMQO control register 1 (TQOCTL1)

TQOEST TQOEEE TQOMD2 TQOMDY TQOMDO
TQOCTL1|O‘O‘O/1‘O‘O‘1‘0‘0'

1,0, 0:
PWM output mode

0: Operate on count clock
selected by using TQOCKSO0
to TQOCKS2 bits.

1: Increment based on external
event count input signal.

Note The setting of these bits is invalid when the TQOCTL1.TQOEEE bit is 1.
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Figure 7-46. Register Settings in PWM Output Mode (2/3)

(c) TMQO I/O control register 0 (TQ0IOCO0)

TQOOL3 TQOOE3 TQOOL2 TQOOE2 TQOOL1 TQOOE1 TQOOLO TQOOEO
TQOIOCOl 0/1 \ o \ 0/1 \ 0/1 \ 0/1 \ 0/1 \0/1"0‘e

0/1 Note

0: Disable TOQOO pin output.
1: Enable TOQOO pin output.

Output level when TOQ00
pin is disabled:

0: Low level

1: High level

0: Disable TOQO1 pin output.
1: Enable TOQO1 pin output.

Active level of TOQO1 pin
output:

0: High level

1: Low level

0: Disable TOQO2 pin output.
1: Enable TOQO2 pin output.

Active level of TOQO2 pin
output:

0: High level

1: Low level

0: Disable TOQO3 pin output.
1: Enable TOQO3 pin output.

Active level of TOQO3 pin
output:

0: High level

1: Low level

e When TQOOLK bit is 0: e When TQOOLK bit is 1:

16-bit counter /I/I/I/I/ 16-bit counter /I/I/I/I/

TOQOk pinoutput _ 1 1L L I— TOQOk pinoutput —_ 11T L __

(d) TMQO I/O control register 2 (TQ0IOC2)

TQOEES1 TQOEESO TQOETS1 TQOETS0
TQOIOC2|O‘0‘0‘0‘0/1‘0/1‘0‘0|

These bits select the
valid edge of the external
trigger input.

(e) TMQO counter read buffer register (TQOCNT)
The value of the 16-bit counter can be read by reading this register.

Note Set this bit to 0 when not using the TOQOO pin in the PWM output mode.
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Figure 7-46. Register Settings in PWM Output Mode (3/3)

(f) TMQO capture/compare registers 0 to 3 (TQOCCRO to TQOCCR3)

If the TQOCCRO register is set to Do and the TQOCCRKk register is set to Dk, the PWM waveform is as
follows:

PWM waveform cycle = (Do + 1) x Count clock cycle
PWM waveform active level width = Dk x Count clock cycle

Remarks 1. TMQO I/O control register 1 (TQOIOC1) and TMQO option register 0 (TQOOPTO) are not
used in the PWM output mode.
2. Updating TMQO capture/compare register 2 (TQOCCR2) and TMQO capture/compare

register 3 (TQOCCRS3) is enabled by writing to TMQO capture/compare register 1
(TQOCCR1).
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(1) Operations in PWM output mode

Figure 7-47. Timing and Processing of Operations in PWM Output Mode (1/2)

FFFFH
D
/F
16-bit counter Dog Doy Doy Dog Dog
D D D D
5 Dzso/ 0,22 5 ngz 022 D7 0|
20 11 11 2 11
D1o D1 D1
0000H = < /
TQOCE bit
TQOCCRO register x Doo Do+ X Doo
CCRO buffer register Doo Dot Doo

INTTQOCCO signal -| -| -| -l -l -l

TOQOO0 pin output

TQOCCRT1 register x D1o D11 X D11 Di1o D1o D11

CCR1 buffer register X D1o D11 D11 D1o D1o D11

INTTQOCCT signal -| -| -l -l -l -l

TOQO1 pin output

TQOCCR2 register x D20 Da1 D20 D21

CCR2 bulffer register D20 Da1 D20 D21

INTTQOCC2 signal -| -l -l -l -l -l

TOQO2 pin output

TQOCCRBS register x Dao Da1 Dao D31

CCRB3 buffer register XDao Da1 Dao D31

INTTQOCCS signal H ” H H H H

TOQOS3 pin output

I T b T

<1> <2> <3> <4> <5> <6> <7>
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Figure 7-47. Timing and Processing of Operations in PWM Output Mode (2/2)

<1> Starting counting

START

Set up the registers
TQOCTLO register
(TQOCKSO0 to TQOCKS?2 bits)
TQOCTLI1 register
TQOIOCO register
TQOIOC2 register
TQOCCRO to TQOCCRS registers

TQOCE bit =1

Be sure to set up these
registers before setting
the TQOCE bit to 1.

Counting starts

(TQOCE bit = 1).

The TQOCKSO0 to TQOCKS2
bits can be set here.

<2> Changing both the cycle and the duty
When changing both the cycle and the duty,
be sure to write to the TQOCCRO0, TQOCCR2,
and TQOCCRS registers before writing to the

TQOCCRT1 register.
|

Set the TQOCCRO, TQOCCR2,
and TQOCCRS registers

Set the TQOCCR1 register

<3> Changing the cycle

After setting the TQOCCRm
registers, their values are
transferred to the CCRm
buffer registers when the
counter is cleared.

The TQOCCR1 register must be written (the same
value) even when only changing the cycle setting.

|

Set the TQOCCRO register

Set the TQOCCRH1 register

After setting the TQOCCRm
registers, their values are
transferred to the CCRm
buffer registers when the
counter is cleared.

<4> Changing the duty
When changing the duty, be sure to write to the
TQOCCR2 and TQOCCRS registers before writing
to the TQOCCR1 register.

|

Set the TQOCCR2 and
TQOCCRS registers

After setting the TQOCCRm
registers, their values are
transferred to the CCRm

‘ buffer registers when the
counter is cleared.

Set the TQOCCRH1 register

<5> Changing the duty of the TOQ02 and TOQO03
outputs
The TQOCCR1 register must be written (the
same value) even when only changing the duty
of the TOQO2 and TOQO3 outputs.

|

Set the TQOCCR2 and
TQOCCRBS registers

After setting the TQOCCRm
registers, their values are
transferred to the CCRm

‘ buffer registers when the
counter is cleared.

Set the TQOCCR1 register

<6> Changing the duty of the TOQO1 output
Only the TQOCCRT1 register has to be written when
only changing the duty of the TOQO1 output.

|

Set the TQOCCR1 register

After setting the TQOCCRm
registers, their values are
transferred to the CCRm
buffer registers when the

I counter is cleared.

<7> Stopping counting

TQOCE bit=0

STOP

Disables counting.

Remark k=11t03
m=0to 3
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(2) Using PWM output mode

(a) Changing the PWM waveform while the counter is incrementing
To change the PWM waveform while the counter is incrementing, write to the TQOCCR1 register after changing
the waveform setting. When rewriting the TQOCCRm register after writing to the TQOCCR1 register, do so after
the INTTQOCCO signal has been detected.

Figure 7-48. Changing PWM Waveform While Counter Is Incrementing

FFFFH

Dot Do1

16-bit counter Doo Doo Do Dst Da1

Dao Dao Dao Da1 D21
D20 /1 D20 DzoZZ D11ZZ D11ZZ

0000H D1 7T | D1 D10 1

TQOCE bit

TQOCCRQO register x Doo Dot

CCRO buffer register Doo Dot

INTTQOCCO signal —| —| —| —| —|_

TOQOO pin output

D1o D11

L]

TQOCCRT1 register

CCR1 buffer register D1o D11

INTTQOCCH signal 1 1 1 1 1

TOQO1 pin output

TQOCCR?2 register x D20 D2

CCR2 buffer register D20 D21

INTTQOCC?2 signal 1 1 1 1 1

TOQO2 pin output

TQOCCRS register >< Dso X D1

CCR3 buffer register D3o Dst
INTTQOCCS signal 1 1 1 1 1

TOQOS pin output
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In order to transfer data from the TQOCCRm register to the CCRm buffer register, the TQOCCR1 register must
be written.

After data is written to the TQOCCR1 register, the value written to the TQOCCRm register is transferred to the
CCRm buffer register in synchronization with clearing of the 16-bit counter, and is used as the value to be

compared with the 16-bit counter value.

<1>

<2>

<3>

<4>

<5>

To change both the cycle and active level width of the PWM waveform, first set the cycle to the
TQOCCRO register and then set the active level width to the TQOCCR2 and TQOCCRS3 registers, before
setting the active level width to the TQOCCR1 register.

To change only the cycle of the PWM waveform, first set the cycle to the TQOCCRO register, and then
write the same value to the TQOCCR1 register (that is, the same value as the value already specified for
the TQOCCRH1 register).

To change only the active level width (duty factor) of the PWM waveform, first set the active level width to
the TQOCCR2 and TQOCCRS registers, and then set the active level width to the TQOCCR1 register.

To change only the active level width (duty factor) of the PWM waveform output from the TOQO1 pin, only
the TQOCCR1 register has to be set.

To change only the active level width (duty factor) of the PWM waveform output from the TOQ02 and
TOQO3 pins, first set the active level width to the TQOCCR2 and TQOCCRBS registers, and then write the
same value to the TQOCCR1 register (that is, the same value as the value already specified for the
TQOCCRT1 register).

Caution To rewrite the TQOCCRO to TQOCCRS3 registers after writing the TQOCCR1 register, do so after

the INTTQOCCO signal has been generated; otherwise, the value of the CCRm buffer register
may become undefined because the timing of transferring data from the TQOCCRm register
to the CCRm buffer register conflicts with writing the TQOCCRm register.

Remark m=0t03
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(b) Outputting a 0% or 100% PWM waveform
To output a 0% waveform, clear the TQOCCRKk register to 0000H.

Figure 7-49. Outputting 0% PWM Waveform

Count clock | | | | | | | | | | | | | | | | | | |
16-bit counter ~ FFFF X 0000 ;:XD0—1X Do OOOOX 0001 x ;:XD0—1X Do 0000 X
)] )]
TQOCE bit
L L
TQOCCRQO register Do Do Do
{( {(
) )
TQOCCRKk register 0000H B 0000H B 0000H
)] )]
INTTQOCCO signal M M
)] )]
INTTQOCCK signal N M
)] )]

TOQOk pin output L

Remark k=1to3

To output a 100% waveform, set the value of TQOCCRO register + 1 to the TQOCCRK register. If the value of
the TQOCCRO register is FFFFH, a 100% waveform cannot be output.

Figure 7-50. Outputting 100% PWM Waveform

Count clock | | | | | | | | | | | | | | | | | | |
16-bit counter ~ FFFF X 0000 ;:XDo— 1X Do OOOOX 0001 x :XD0—1X Do 0000 x
)] )]
TQOCE bit
$ $
TQOCCRQO register Do B Do B Do
) )
TQOCCRKk register Do + 1 B Do + 1 B Do + 1
)] )]
INTTQOCCO signal M _l M |
)] )]
INTTQOCCK signal N N
[ 22
1) )]
TOQOkK pin output
Remark k=1t03
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(c) Timing of generating the compare match interrupt request signal (INTTQOCCk)
In the PWM output mode, the INTTQOCCKk signal is generated when the value of the 16-bit counter matches
the value of the TQOCCRKk register.

Figure 7-51. Timing of Generating Compare Match Interrupt Request Signal (INTTQOCCk)

Count clock

16-bit counter Dk -2 X Dk-1 D« X Dk + 1 X Dk +2

CCRKk buffer register Dk

TOQOK pin output

INTTQOCCKk signal

Remark k=1to3
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7.4.6 Free-running timer mode (TQOMD2 to TQOMDO bits = 101)

In the free-running timer mode, TMQO starts incrementing when the TQOCTLO.TQOCE bit is set to 1. At this time, the
TQOCCRm register can be used as a compare register or a capture register, according to the setting of the
TQOOPT0.TQOCCSO0 and TQOOPTO.TQOCCSH1 bits.

Remarks 1.

For how to set the TIQOm and TOQOm pins, see Table 7-2 Pins Used by TMQO and Table 4-17
Settings When Pins Are Used for Alternate Functions.

2. For how to enable the INTTQOCCm interrupt signal, see CHAPTER 19 INTERRUPT
SERVICING/EXCEPTION PROCESSING FUNCTION.
3. m=0to3
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Figure 7-52. Configuration of TMQO in Free-Running Timer Mode

TQOCCR3 Output _
register controller 4’@ TOQO3Note 2 pin output
(compare)
TQOCCR2 Outout
register conl:rgﬁer —=©O TOQON°t 2 pin output
(compare)
TQOCCRH1 outout _
register Comr‘;”er —(O TOQO1N*2 pin output
(compare)
TQOCCRO Outout )
register }é ™ conl;rzﬁer 4’@ TOQOONM81 pin Output
(compare)
— TQOCCSO,
Internal count clock —=|  Count TQOCCSH1 bits
clock — (capture/compare
TIQOONete ! pin Edge |1 selection selection)
(external event 9
count input/ detector 16-bit counter INTTQOOV signal
capture TQ;??E S
trigger input ! 0
gger input Edge INTTQOCCS3 signal
detector 1
|
TQOCCRO 0l
register ] INTTQOCC2 signal
t
TIQOT™*2 pin O——| gqqe (capture) 1
~ (capture detector 0
trigger input) INTTQOCCH1 signal
TQOCCR1 1
register —
) (capture) 0
TIQ02"*2 pin ©——=| Eqge INTTQOCCO signal
_ (capture detector 1
trigger input)
TQOCCR2
register
t
TIQ03"*2 pin ©—~| £qq (capture)
(capture detector
trigger input)
TQOCCR3
register
(capture)
Notes 1. The external event count input/capture trigger input pin (TIQ00) can also be used as the timer
output pin (TOQO0); however, only one of these functions can be used at a time.
2. The capture trigger input pin (TIQOk) can also be used as the timer output pin (TOQOK); however,
only one of these functions can be used at a time. (k=110 3.)
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o Compare operation
When the TQOCE bit is set to 1, TMQO starts incrementing, and the output signals of the TOQO00 to TOQO0S3 pins are
inverted. When the value of the 16-bit counter later matches the set value of the TQOCCRm register, a compare
match interrupt request signal (INTTQOCCm) is generated, and the output signal of the TOQOm pin is inverted.
The 16-bit counter continues incrementing in synchronization with the count clock. Once the counter reaches
FFFFH, it generates an overflow interrupt request signal (INTTQOOV) at the next clock, is cleared to 0000H, and
continues incrementing. At this time, the overflow flag (the TQOOPTO.TQOOVF bit) is also set to 1. The overflow flag
must be cleared to 0 by executing a CLR1 software instruction.
The TQOCCRm register can be rewritten while the counter is incrementing. If it is rewritten, the new value is
immediately applied, and compared with the count value.

Remark m=0t03

Figure 7-53. Basic Timing of Operations in Free-Running Timer Mode (Compare Function)

FFFFH Doo Doo

D20 ] Dao ] Dot Dot

16-bit counter Dzo. /] Dzo/ Ds1 /] Dst /T
DwZ

0000H
TQOCE bit

TQOCCRO register >< Doo Dot

INTTQOCCO signal

TOQOO0 pin output

=1

TQOCCRT register D1o D11

INTTQOCCH1 signal

TOQO1 pin output

TQOCCR2 register x D20 D21

INTTQOCC?2 signal

TOQO2 pin output

TQOCCR3 register X Do X Ds1

INTTQOCCS3 signal _|

TOQOS3 pin output

INTTQOOV signal

TQOOVF bit

Clearedto 0 by Clearedto 0 by Cleared to 0 by
CLR1 instruction CLR1 instruction CLR1 instruction
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e Capture operation

When the TQOCE bit is set to 1, the 16-bit counter starts incrementing. When it is detected that a valid edge as been
input to the TIQOm pin, the value of the 16-bit counter is stored in the TQOCCRm register, and a capture interrupt
request signal (INTTQOCCm) is generated.

The 16-bit counter continues incrementing in synchronization with the count clock. When the counter reaches
FFFFH, it generates an overflow interrupt request signal (INTTQOOV) at the next clock, is cleared to 0000H, and
continues incrementing. At this time, the overflow flag (the TQOOPTO.TQOOVF bit) is also set to 1. The overflow flag
must be cleared to 0 by executing a CLR1 software instruction.

Remark m=01t03

Figure 7-54. Basic Timing of Operations in Free-Running Timer Mode (Capture Function)

FRFFH Dio Ds1 Ds2 D23

Dao D21 Z D22 Das Z

Doo D11
16-bit counter D20 / Doz D13

Dot D1zz DosZ

o L

TQOCE bit

TIQOO0 pin input —l —l

TQOCCRQO register 0000 Doo Dor Doz Dos

INTTQOCCO signal _| _| _| _|

TIQO1 pin input |_

TQOCCRT1 register 0000 D1o D11 D12 D13

INTTQOCCH1 signal —l —l —l —l

TIQO2 pin input

TQOCCR2 register 0000 D20 D21 D22 D23

INTTQOCC2 signal —| _| _| _|

TIQO3 pin input

TQOCCRS register 0000 Dao Da1 Ds2 Ds3
INTTQOCCS signal _| _| —l _|
INTTQOOV signal _| —l _| |

TQOOVF bit

?

Clearedto Oby Clearedto 0 by Cleared to 0 by
CLR1 instruction CLRT1 instruction CLR1 instruction

Remark The valid edge is the rising edge.
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Figure 7-55. Register Settings in Free-Running Timer Mode (1/3)

(a) TMQO control register 0 (TQOCTLO)

TQOCE TQOCKS2 TQOCKS1T TQOCKS0
TQOCTLO|0/1‘O‘O‘O‘O‘OH‘ON‘ON'

These bits select the
count clockNete,
0: Stop counting.
1: Enable counting.

Note The setting of these bits is invalid when the TQOCTL1.TQOEEE bit is 1.

(b) TMQO control register 1 (TQOCTL1)

TQOEST TQOEEE TQOMD2 TQOMDY TQOMDO
TQOCTL1|O‘O‘O/1"°'e o\o\1\o\1|

1,0, 1:
Free-running timer mode

0: Operate on count clock
selected by using TQOCKSO0
to TQOCKS?2 bits.

1: Increment based on external
event count input signal.

Note The TIQOO pin cannot be used for capture operations when the TQOCTL1.TQOEEE bit is 1.
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Figure 7-55. Register Settings in Free-Running Timer Mode (2/3)

(c) TMQO I/O control register 0 (TQ0IOCO0)

TQOOL3 TQOOE3 TQOOL2 TQOOE2 TQOOL1 TQOOE1 TQOOLO TQOOEO
TQOIOCOl 0/qNete ‘ 0/1Nete 0/qNote Q/qNete | g/qNote

0/1 Note

0/1 Note 0/1 Note

L 0: Disable TOQOO pin output.
1: Enable TOQOO pin output.

Qutput level when TOQO0
pin is disabled:

0: Low level

1: High level

0: Disable TOQO1 pin output.
1: Enable TOQO1 pin output.

Output level when TOQO1
pin is disabled:

0: Low level

1: High level

0: Disable TOQO2 pin output.
1: Enable TOQO2 pin output.

Output level when TOQO02
pin is disabled:

0: Low level

1: High level

0: Disable TOQOS3 pin output.
1: Enable TOQO3 pin output.

Output level when TOQO03
pin is disabled:

0: Low level

1: High level

Note The TOQOm pin cannot be used when the TIQOm pin is being used.
Remark m=0to3

(d) TMQO I/O control register 1 (TQ0IOC1)

TQOIS7 TQOIS6 TQOIS5 TQOIS4 TQOIS3 TQOIS2 TQOIST TQOISO
TOOIOC1| 0/ \ 0/ \ 0/ \ 0/ \ 0/1 \ 0/1 \ 0/ \ 0/1 |

L L]
These bits select the valid

edge of the TIQOO0 pin input.

These bits select the valid
edge of the TIQO1 pin input.

These bits select the valid
edge of the TIQ02 pin input.

These bits select the valid
edge of the TIQO3 pin input.
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Figure 7-55. Register Settings in Free-Running Timer Mode (3/3)

(e) TMQO I/O control register 2 (TQ0IOC?2)

TQOEES1 TQOEESO TQOETS1 TQOETSO
TQOIOCZlO‘O‘O‘O‘Oﬁ‘ON‘0‘0|

These bits select the valid edge
of the external event count input.

(f) TMQO option register 0 (TQOOPTO)

TQOCCS3 TQOCCS2 TQOCCS1 TQOCCSO TQOOVF
TQOOPTOl 0/ \ 0/1 \ 0/1 \ 0/1 \ 0 \ 0 \ 0 \ 0/1 |

L Overflow flag

Specifies whether TQOCCRO
register is used for capture
or compare.

Specifies whether TQOCCRH1
register is used for capture
or compare.

Specifies whether TQOCCR2
register is used for capture
or compare.

Specifies whether TQOCCRS3
register is used for capture
or compare.

(g) TMQO counter read buffer register (TQOCNT)
The value of the 16-bit counter can be read by reading this register.

(h) TMQO capture/compare registers 0 to 3 (TQOCCRO to TQOCCR3)
These registers function as capture registers or compare registers according to the setting of the
TQOOPTO0.TQOCCSm bit.
When the registers function as capture registers, they store the value of the 16-bit counter when it is
detected that a valid edge has been input to the TIQOm pin, after which the INTTQOCCm signal is
generated.
When the registers function as compare registers and when the TQOCCRm register is set to Dm, the
INTTQOCCm signal is generated the when the counter reaches (Dm + 1), and the output signal of the
TOQOm pin is inverted.

Remark m=0t03
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(1) Operations in free-running timer mode
The following two operations occur in the free-running timer mode:

e Capture operations
e Compare operations

(a) Using a capture/compare register as a compare register

Figure 7-56. Timing and Processing of Operations in Free-Running Timer Mode (Compare Function) (1/2)

FFFFH

D2y D2y
Dog Dog,
DacZ Dag, Doy Doy
16-bit counter D2 D2 Z Ds Z Dsy
D10/ D1oj b j b / D
11 1 1Z
0000H
TQOCE bit

(CCRO buffer register)

TQOCCRQO regist
Q register x Doo * Dor

Value changed
INTTQOCCO signal

TOQOO pin output

TQOCCRT1 register Do 5
(CCRH1 buffer register) "

Value changed
INTTQOCCH1 signal

TOQO1 pin output

D2o D21

TQOCCR2 register
(CCR2 buffer register)

Value changed
INTTQOCC2 signal

TOQO2 pin output

TQOCCRS register D D
(CCRB3 buffer register) % o

Value changed

INTTQOCCS signal

TOQO3 pin output

INTTQOOQV signal
TQOOVF bit L
<1> Clearecr to 0 by Clearect to 0 by CIearecI to 0 by <3>
CLR1 instruction CLR1 instruction CLR1 instruction
<2> <2> <2>
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Figure 7-56. Timing and Processing of Operations in Free-Running Timer Mode (Compare Function) (2/2)

<1> Starting counting

C smr )

Set up the registers Be sure to set up these registers
TQOCTLO register before setting the TQOCE bit to 1.
(TQOCKSO0 to TQOCKS2 bits)
TQOCTLA1 register
TQOIOCO register
TQOIOC2 register
TQOOPTO register
TQOCCRO to TQOCCRS registers

Counting is enabled (TQOCE bit = 1).
TQOCE bit = 1 The TQOCKSO0 to TQOCKS2 bits can
be set here.

<2> Clearing overflow flag

Read TQOOPTO register
(check overflow flag)

TQOOVF bit = 1

Execute instruction to clear
TQOOVF bit (CLR1 TQOOVF)

<3> Stopping counting

When counting is disabled (TQOCE bit = 0),

TQOCE bit =0 the counter is reset and counting stops.

C=
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(b) Using a capture/compare register as a capture register

Figure 7-57. Timing and Processing of Operations in Free-Running Timer Mode (Capture Function) (1/2)

FFFFH Do D31 Ds2 D23
D30 D21 Z D22 Z Das Z
Doo D11 7
16-bit counter D20 | Doz D13
Dot D1zz Dan
0000H
TQOCE bit

TIQOO pin input L_l _|

TQOCCRQO register
(CCRO buffer register) 0000

INTTQOCCO signal _| _| -| _|

TIQO1 pin input |_

TQOCCRT register
(CCRH1 buffer register) 0000 Do D11 D1z D13 0000

INTTQOCCH1 signal -| _| —l —l

TIQO2 pin input

Doo Dot Doz Dos 0000

TQOCCR?2 register
(CCR2 buffer register) 0000 D2o D21 D22 D23 [\ 0000

INTTQOCC2 signal —l —l _l —l

TIQO3 pin input

TQOCCRS register
(CCRS3 buffer register) 0000 Dao D1 Ds2 Dss | 0000

INTTQOCCS signal —| _| —| —|
INTTQOOQV signal _| —| —| —|

TQOOVF bit
<1> Clearedto O by Clearedto 0 by Cleared to 0 by <3>
CLR1 instruction CLRT1 instruction CLR1 instruction
<2> <2> <2>
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Figure 7-57. Timing and Processing of Operations in Free-Running Timer Mode (Capture Function) (2/2)

<1> Starting counting

o )

Set up the registers Be sure to set up these registers
TQOCTLO register before setting the TQOCE bit to 1.
(TQOCKSO0 to TQOCKS?2 bits)
TQOCTLA1 register
TQOIOCH register
TQOOPTO register

Counting is enabled (TQOCE bit = 1).
TQOCE bit = 1 The TQOCKSO0 to TQOCKS2 bits can
be set here.

<2> Clearing overflow flag

Read TQOOPTO register
(check overflow flag)

TQOOVF bit = 1

Execute instruction to clear
TQOOVF bit (CLR1 TQOOVF)

<3> Stopping counting

When counting is disabled
TQOCE bit=0 (TQOCE bit = 0), the counter

is reset and counting stops.
C sTop >
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(2) Using free-running timer mode

(a) Interval operation using the TQOCCRm register as a compare register
When TMQO is used as an interval timer with the TQOCCRm register used as a compare register, the
comparison value at which the next interrupt request signal is generated each time the INTTQOCCm signal has

been detected must be set by software.

Figure 7-58. Interval Operation of TMQO in Free-Running Timer Mode

FFFFH

16-bit counter

0000H

TQOCE bit

TQOCCRO register
(CCRO buffer register)

INTTQOCCO signal

TOQOO pin output

TQOCCRT1 register
(CCR1 buffer register)

INTTQOCCH signal

TOQO1 pin output

TQOCCR2 register
(CCR2 buffer register)

INTTQOCC2 signal

TOQO2 pin output

TQOCCRS3 register
(CCR3 buffer register)

INTTQOCCS signal

TOQOS3 pin output

D Do
D Daso " D1SGZ
P Da1 /
D22 =
D D20 Doz =1
Doo £Z D12
szﬁ/ Dz~
Doo Dot Doz X Dos Doa X Dos

Interval period Interval period Interval period Interval period Interval period

(Doo + 1) (Dot —Doo)  (10000H + (Dos — Do2) (Dos — Do)
Poz - Do1) ‘ ‘
Dio D11 X D12 X D13 X Dia

Interval period
(10000H + D12 - D11)

Interval period
(D13 - Dr2)

Interval period
(D1o+1)

Interval period
(D11 - Do)

D20 X D21 X D22 D23

Interval period
(10000H + D23 — D22)

Interval period
(D22 — D21)

Interval period
(10000H + D21 — D20)

Interval period
(D20 + 1)

Dso X Da1 X Ds2

Interval period
(10000H + D31 — Dao)

Interval period
(Dso + 1)
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When performing an interval operation in the free-running timer mode, four intervals can be set for one channel.
To perform the interval operation, the value of the corresponding TQOCCRm register must be set again in the
interrupt servicing that is executed when the INTTQOCCm signal is detected.

The value to be set in this case 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 the register to this
value.)

Remark m=01t03
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(b) Pulse width measurement using the TQOCCRm register as a capture register
When pulse width measurement is performed with the TQOCCRm register used as a capture register, each
time the INTTQOCCm signal has been detected, the capture register must be read and the interval must be
calculated by software.

Figure 7-59. Pulse Width Measurement by TMQO in Free-Running Timer Mode

FFFFH D1o Da1 / Dis/ D23/
Dao D21 Z Da2 Z Das Z
Doo D11
16-bit counter D2o Doz D22
Dot D1zz DosZ
0000H
TQOCE bit
TIQOO pin input u—| —| —|
TQOCCRO register
(CCRO buffer register) 0000 Doo Do Doz Do
INTTQOCCO signal —|
Pulse interval Pulse interval  Pulse interval Pulse interval
(Doo + 1) (10000H + (10000H + (10000H +
Dot — Doo) Doz — Dot) Dos — Do2)
TIQO1 pin input U —|
TQOCCRT register
(CCRH1 buffer register) 0000 D1o D11 D12 X D1s
INTTQOCCH1 signal —|

Pulse interval Pulse interval Pulse interval Pulse interval
(D1o+ 1) (10000H + (10000H + (D13 — D12)
D11 — D1o) D12 - D11)

TIQO2 pin input | |
TQOCCR2 register
(CCR2 buffer register) 0000 Do D21 D22 Dzs
INTTQOCC?2 signal —| —| —|
Pulse interval Pulse interval Pulse interval Pulse interval
(D20 + 1) (10000H + (20000H + (D23 — D22)
D21 — D2o) D22 — D21)
TIQO3 pin input
TQOCCRS register
(CCRS3 buffer register) 0000 Dso Da1 Ds2 D33
INTTQOCCS signal —|
Pulse interval Pulse interval Pulse interval Pulse interval
(Do + 1) (10000H + (10000H + (10000H +
Ds1 — D3o) D32 — Dar) Dss — Daz)
INTTQOOQV signal —| —|
TQOOVF bit

| | |

Clearedto Oby ClearedtoOby Cleared to 0 by
CLR1 instruction CLR1 instruction CLR1 instruction
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Four pulse widths can be measured in the free-running timer mode.
When measuring a pulse width, the pulse width can be calculated by reading the value of the TQOCCRm
register in synchronization with the INTTQOCCm signal, and calculating the difference between that value and

the previously read value.

Remark m=0t03
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(c) Processing an overflow when two or more capture registers are used
Care must be exercised in processing the overflow flag when two or more capture registers are used. First, an
example of incorrect processing is shown below.

Figure 7-60. Example of Incorrect Processing When Two or More Capture Registers Are Used

FFFFH

D11
16-bit counter Df /
Doo Do1

0000H

TQOCE bit

TIQOO pin input -| -|

TQOCCRO register Doo Do+

TIQO1 pin input -| -|

TQOCCRT1 register D1o D11

INTTQOOQV signal -| -|

TQOOVF bit

<1> <2> <3> <4>

The following problem may occur when two pulse widths are measured in the free-running timer mode.

<1> The TQOCCRO register is read (the default value of the TIQOO0 pin input is set).
<2> The TQOCCR1 register is read (the default value of the TIQO1 pin input is set).
<3> The TQOCCRO register is read.
The TQOOVF bit is read. If the TQOOVF bit is 1, it is cleared to 0.
Because the TQOOVF bit is 1, the pulse width can be calculated by (10000H + Do1 — Doo).
<4> The TQOCCR1 register is read.
The TQOOVF bit is read. Because the TQOOVF bit was cleared in <3>, 0 is read.
Because the TQOOVF bit is 0, the pulse width can be calculated by (D11 — D10) (incorrect).

When two or more capture registers are used, and if the TQOOVF bit is cleared to O by one capture register,
another capture register may not obtain the correct pulse width.
This problem can be resolved by using software, as shown in the example below.
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Figure 7-61. Example of Resolving Problem When Two or More Capture Registers Are Used by Using Overflow
Interrupt

FFFFH

D11
16-bit counter D} /
Dot

0000H

TQOCE bit

—
—

INTTQOOV signal

TQOOVF bit —l —l

TQOOVFO flagh®*®

TIQOO pin input

TQOCCRQO register Doo X Do1

TQOOVF1 flagh®®

TIQO1 pin input

TQOCCRH1 register D1o D11

<1> <2> <3> <4> <5> <6>

Note The TQOOVFO and TQOOVF1 flags are set on the internal RAM by software.

<1> The TQOCCRO register is read (the default value of the TIQ0O pin input is set).

<2> The TQOCCR1 register is read (the default value of the TIQO1 pin input is set).

<3> An overflow occurs. The TQOOVFO and TQOOVF1 flags are set to 1 in the overflow interrupt
servicing, and the TQOOVF bit is cleared to 0.

<4> The TQOCCRO register is read.
The TQOOVFO flag is read. The TQOOVFO flag is 1, so it is cleared to 0.
Because the TQOOVFO flag was 1, the pulse width can be calculated by (10000H + Do1 — Doo).

<5> The TQOCCR1 register is read.
The TQOOVF1 flag is read. The TQOOVF1 flag is 1, so it is cleared to 0 (the TQOOVFO flag was
cleared in <4>; the TQOOVF1 flag remained 1).
Because the TQOOVF1 flag is 1, the pulse width can be calculated by (10000H + D11 — D1o)
(correct).

<6> Same as <3>.
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Figure 7-62. Example of Resolving Problem When Two or More Capture Registers Are Used Without Using
Overflow Interrupt

FFFFH

D11
16-bit counter y /
Dot

0000H

TQOCE bit

INTTQOOV signal -| -|

TQOOVF bit

TQOOVFO flagh®*®

TIQOO pin input

TQOCCRQO register Doo Dot

TQOOVF1 flagh®®

TIQO1 pin input

TQOCCRH1 register D1o D11

<1> <2> <3> <4> <5> <6>

Note The TQOOVFO and TQOOVF1 flags are set on the internal RAM by software.

<1> The TQOCCRO register is read (the default value of the TIQOO pin input is set).
<2> The TQOCCRA1 register is read (the default value of the TIQO1 pin input is set).
<3> An overflow occurs. There is no software processing.
<4> The TQOCCRO register is read.
The TQOOVF bit is read. The TQOOVF bit is 1, so only the TQOOVF1 flag is set to 1; the TQOOVF
bit is cleared to 0.
Because the TQOOVF bit is 1, the pulse width can be calculated by (10000H + Do1 — Doo).
<5> The TQOCCR1 register is read.
The TQOOVF bit is read. The TQOOVF bit was cleared to 0 in <4>, so 0 is read.
The TQOOVF1 flag is read. The TQOOVF1 flag is 1, so it is cleared to 0.
Because the TQOOVF1 flag was 1, the pulse width can be calculated by (10000H + D11 — D1o)
(correct).
<6> 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 between the first capture trigger and the next. First, an example of incorrect
processing is shown below.

Figure 7-63. Example of Incorrect Processing When Capture Trigger Interval Is Long (When Using TIQOm)

FFFFH o

16-bit counter

Dm/
0000H

TQOCE bit

TIQOm pin input

TQOCCRm register Dmo Dm1

INTTQOOV signal -| -|

TQOOVF bit

1 cycle of 16-bit counter

Pulse width

<1> <2> <3> <4>

The following problem may occur when a long pulse width is measured in the free-running timer mode.

<1> The TQOCCRm register is read (the default value of the TIQOm pin input is set).
<2> An overflow occurs. There is no software processing.
<3> An overflow occurs a second time. There is no software processing.
<4> The TQOCCRm register is read.
The TQOOVF bit is read. The TQOOVF bit is 1, so it is cleared to 0.
Because the TQOOVF bit was 1, the pulse width can be calculated by (10000H + Dmt — Dmo)
(incorrect).
Actually, the pulse width should be (20000H + Dm1 — Dmo) because an overflow occurred twice.

Remark m=0to03

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 to resolve the problem. An example of how to use software to resolve the problem is shown below.
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Figure 7-64. Example of Using Software Processing to Resolve Problem When Capture Trigger Interval Is Long
(When Using TIQOm)

FFFFH o

16-bit counter

Dm/

0000H

TQOCE bit

TIQOm pin input

TQOCCRmM register Dmo Dm1

INTTQOOV signal -|

TQOOVF bit —|

> 17—

Overflow OH X 1H
counter°®

2HX OH

1 cycle of 16-bit counter

Pulse width

<1> <2> <3> <4>

Note The overflow counter is set on the internal RAM by software.

<1> The TQOCCRm register is read (the default value of the TIQOm pin input is set).

<2> An overflow occurs. The overflow counter is incremented and the TQOOVF bit is cleared to 0 in the
overflow interrupt servicing.

<3> An overflow occurs a second time. The overflow counter is incremented and the TQOOVF bit is
cleared to 0 in the overflow interrupt servicing.

<4> The TQOCCRm register is read.
The overflow counter is read.
If the overflow counter is N, the pulse width can be calculated by (N x 10000H + Dm1 — Dmo).
In this example, because an overflow occurred twice, the pulse width is calculated as (20000H + Dm1
- DmO).
The overflow counter is cleared to OH.

Remark m=0to0 3

(e) Clearing the overflow flag (TQOOVF)
The overflow flag (TQOOVF) can be cleared to 0 by reading the TQOOVF bit and, if its value is 1, either clearing
the bit to 0 by using the CLR1 instruction or by writing 8-bit data (with bit 0 as “0”) to the TQOOPTO register.
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7.4.7 Pulse width measurement mode (TQOMD2 to TQOMDO bits = 110)

In the pulse width measurement mode, TMQO starts incrementing when the TQOCTLO.TQOCE bit is set to 1. Each time
it is detected that a valid edge has been input to the TIQOm pin, the value of the 16-bit counter is stored in the TQOCCRm
register, and the 16-bit counter is cleared to 0000H.

The interval of the valid edge can be measured by reading the TQOCCRm register after a capture interrupt request
signal (INTTQOCCm) occurs.

Select one of the TIQO0 to TIQO3 pins as the capture trigger input pin. Specify “No edge detected” by using the
TQOIOCH1 register for the unused pins.

Remarks 1. For how to set the TIQOm pin, see Table 7-2 Pins Used by TMQO and Table 4-17 Settings When Pins
Are Used for Alternate Functions.
2. For how to enable the INTTQOCCm interrupt signal, scse CHAPTER 19 INTERRUPT SERVICING/
EXCEPTION PROCESSING FUNCTION.
3. m=0to3
k=1to3

Figure 7-65. Configuration of TMQO in Pulse Width Measurement Mode

Count
clock _
selection Clear - —
16-bit .
TQOCE counter INTTQOOQV signal
TIQOO0 pin O—| g dge bit
(capture | '
trigger input) detector +——= INTTQOCCO signal
TQOCCRO
e INTTQOCCH1 signal
signa
TIQ01 pin ©—=| Eqge (capture)
(captur(; detector
trigger input .
TQOCCR1 INTTQOCC2 signal
register
in © (capture)
sl Edge INTTQOCCS signal
(capture detector
trigger input)
TQOCCR2
register
TIQO3 pin ©O—= Edge (capture)
(capture detector ‘
trigger input)
TQOCCR3
register
(capture)
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Figure 7-66. Basic Timing of Operations in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TQOCE bit

TIQOm pin input k \

TQOCCRmM register 0000H Do D1 D2 Ds

INTTQOCCm signal

INTTQOOV signal |_

Cleared to 0 by
TQOOVF bit CLR1 instruction

Remark m=0t03

When the TQOCE bit is set to 1, the 16-bit counter starts incrementing. When it is subsequently detected that a valid
edge has been input to the TIQOm pin, the value of the 16-bit counter is stored in the TQOCCRm register, the 16-bit
counter is cleared to 0000H, and a capture interrupt request signal (INTTQOCCm) is generated.

The pulse width is calculated as follows.

Pulse width = Captured value x Count clock cycle
If a valid edge has not been input to the TIQOmM pin by the time the 16-bit counter has incremented up to FFFFH, an
overflow interrupt request signal (INTTQOOV) is generated at the next count clock, and the counter is cleared to 0000H
and continues incrementing. At this time, the overflow flag (TQOOPTO0.TQOOVF bit) is also set to 1. Clear the overflow flag
to 0 by executing the CLR1 software instruction.
If the overflow flag is set to 1, the pulse width can be calculated as follows.

Pulse width = (10000H x Number of times the TQOOVF bit was set (1) + Captured value) x Count clock cycle

Remark m=0to 3

RO1UHO0018EJ0200 Rev.2.00 Page 405 of 969
Mar 25, 2014 RENESAS



V850ES/JC3-L, VB850ES/JE3-L CHAPTER 7 16-BIT TIMER/EVEVT COUNTER Q (TMQ)

Figure 7-67. Register Settings in Pulse Width Measurement Mode (1/2)

(a) TMQO control register 0 (TQOCTLO)

TQOCE TQOCKS2 TQOCKS1 TQOCKSO
TQOCTLO|0/1‘0‘0‘0‘0‘0/1‘0/1‘0/1|

These bits select the
count clock.

0: Stop counting.

1: Enable counting.

(b) TMQO control register 1 (TQOCTL1)

TQOEST TQOEEE TQOMD2 TQOMD1 TQOMDO
TQOCTL1|O‘0‘O‘O‘O‘1‘1‘O|
1,1,0:
Pulse width measurement
mode

(c) TMQO I/O control register 1 (TQ0IOC1)

TQOIS7 TQOIS6 TQOIS5 TQOIS4 TQOIS3 TQOIS2 TQOIST TQOISO
TQOIOC1| 0/1 \ 0/1 \ 0 \ 0/ \ 0/1 \ 0/1 \ 0/1 \ 0/1 |

L] L]
These bits select the valid

edge of the TIQOO pin input.

These bits select the valid
edge of the TIQO1 pin input.

These bits select the valid
edge of the TIQO02 pin input.

These bits select the valid
edge of the TIQO3 pin input.

(d) TMQO option register 0 (TQOOPTO0)

TQOCCS3 TQOCCS2TQOCCST TQOCCS0 TQOOVF
TQOOPTO | 0 \ 0 \ 0 \ 0 \ 0 \ 0 \ 0 \ o |
L Overflow flag
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Figure 7-67. Register Settings in Pulse Width Measurement Mode (2/2)

(e) TMQO counter read buffer register (TQOCNT)
The value of the 16-bit counter can be read by reading this register.

(f) TMQO capture/compare registers 0 to 3 (TQOCCRO to TQOCCR3)

These registers store the 16-bit counter value upon detection of the input of a valid edge to the TIQOm
pin.

Remark TMQO /O control register 0 (TQOIOCO0) and TMQO 1I/O control register 2 (TQOIOC2) are not
used in the pulse width measurement mode.
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(1) Operations in pulse width measurement mode

Figure 7-68. Timing and Processing of Operations in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TQOCE bit (

TIQOO pin input \

TQOCCRO register 0000H Do D1 DzX 0000H

INTTQOCCO signal 1 1 1

<1> <2>

<1> Starting counting

Cor D

Set up the registers Be sure to set up these registers
TQOCTLO register before setting the TQOCE bit to 1.
(TQOCKSO0 to TQOCKS?2 bits)
TQOCTLA1 register
TQOIOCH register
TQOOPTO register

Set up the TQOCTLO register Counting is enabled (TQOCE bit = 1).
(TQOCE bit = 1) The TQOCKSO to TQOCKS?2 bits can be set here.

<2> Stopping counting

When counting is disabled (TQOCE bit = 0),
TQOCE bit=0 the counter is reset and counting stops.

=
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(2) Using pulse width measurement mode

(a) Clearing the overflow flag (TQOOVF)
The overflow flag (TQOOVF) can be cleared to 0 by reading the TQOOVF bit and, if its value is 1, either clearing
the bit to 0 by using the CLR1 instruction or by writing 8-bit data (with bit 0 as “0”) to the TQOOPTO register.

7.4.8 Timer output operations
The following table shows the operations and output levels of the TOQO00 to TOQO3 pins.

Table 7-8. Timer Output Control in Each Mode

Operation Mode

TOQOO0 Pin

TOQO1 Pin

TOQO2 Pin

TOQO3 Pin

Interval timer mode

Square wave output

External event count mode

External trigger pulse output mode

Square wave output

One-shot pulse output mode

PWM output mode

External trigger pulse
output

External trigger pulse
output

External trigger pulse
output

One-shot pulse
output

One-shot pulse
output

One-shot pulse
output

PWM output

PWM output

PWM output

Free-running timer mode

Square wave output (only when compare function is used)

Pulse width measurement mode

Table 7-9. Truth Table of TOQ00 to TOQO03 Pins Under Control of Timer Output Control Bits

TQOIOCO0.TQOOLm Bit

TQOIOCO0.TQOOEm Bit

TQOCTLO.TQOCE Bit

Level of TOQOm 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

Remark m=0to 3
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7.5 Cautions

(1) Capture operation

When the capture operation is used and fxx/8, fxx/16, fxx/32, fxx/64, fxx/128, or the external event counter
(TQOCLT1.TQOEEE bit = 1) is selected as the count clock, FFFFH, not 0000H, may be captured in the TQOCCRO,
TQOCCR1, TQOCCR2, and TQOCCRS registers, or the capture operation may not be performed at all (the capture

interrupt does not occur) if the capture trigger is input immediately after the TQOCE bit is set to 1.

(a) Free-running timer mode

EEEEH.
FEFF

16-bit counter

0000H

Count clock

Sampling clock (fxx)

TQOCCRO register ~ 0000H X FFFFH

TQOCE bit J i
TIQOO0 pin input | |

A
Capture
trigger input

(b) Pulse width measurement mode

FFFFH

[ (

16-bit counter

A
Capture
trigger input

0000H

Count clock

Sampling clock (fxx)

[

TQOCCRO register  0000H X FFFFH

>< 0002H

TQOCE bit J :
TIQOO pin input |_|

A
Capture
trigger input

Capture
trigger input
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CHAPTER 8 16-BIT INTERVAL TIMER M (TMM)

Timer M (TMM) is a 16-bit interval timer.
The VB50ES/JC3-L, V850ES/JE3-L incorporate one TMM timer, TMMO.

8.1 Features

TMMO is a dedicated interval timer that generates interrupt requests at a specified interval based on the count clock
selected from one of eight clock sources: the main clock (fxx), a divided main clock (fxx/2, fxx/4, fxx/64, fxx/512), the watch
timer interrupt signal (INTWT), the internal clock (fr/8), and the subclock (fxT).

TMMO can only be used in the clear & start mode; it cannot be used in the free-running timer mode.
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8.2 Configuration
TMMO includes the following hardware.

Table 8-1. Configuration of TMMO

ltem Configuration

Register 16-bit counter
TMMO compare register 0 (TMOCMPO)
TMMO control register 0 (TMOCTLO)

Figure 8-1. Block Diagram of TMMO

8 Internal bus 2
TMOCTLO @ @
[TMOCE [TMoCKS2 TMCKS1TMCKS() | TMOCMPO |
Match
i ae INTTMOEQO
fxx ——=
fxx/2 —=
fxx/d —— +»
fod64 —= ,
fox/512 % Controller ——l 16-bit counter bg
INTWT @
fr/8 ——
fxr ——=
Remark fxx: Main clock frequency
fR: Internal clock frequency
fxT: Subclock frequency

INTWT: Watch timer interrupt request signal

(1) 16-bit counter
This counter counts the internal clock.
This counter cannot be read or written.

(2) TMMO compare register 0 (TMOCMPO)
This is a 16-bit compare register.

(3) TMMO control register 0 (TMOCTLO)
This is an 8-bit register used to control the operation of TMMO.

(4) Selector
The selector is used to select the count clock of the 16-bit counter. The count clock can be selected from eight
clock sources.
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8.3 Registers

(1) TMMO control register (TMOCTLO)
The TMOCTLDO register is an 8-bit register that controls the operation of TMMO.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to O0H.
Except for the TMOCE bit, the bits of the TMOCTLO register cannot be rewritten to different values while TMMO is
operating (bits can be rewritten only to the same value as was previously specified).

After reset: 00H R/W Address: FFFFF690H

<7> 6 5 4 3 2 1 0
T™™ocTlo | TMocE| o | o | o | o [mockszTmocks1TMOCKSO|
TMOCE Internal clock operation enable/disable specification
0 TMMO operation disabled (16-bit counter reset asynchronously).
1 TMMO operation enabled.

When the TMOCE bit is cleared to 0, the internal clock of TMMO is disabled (fixed to
low level) and 16-bit counter is reset asynchronously.

TMOCKS2 TMOCKS1 TMOCKSOQ Count clock selection
0 0 0 fxx
0 0 1 fxx/2
0 1 0 fxx/4
0 1 1 fxx/64
1 0 0 fxx/512
1 0 1 INTWT
1 1 0 fr/8
1 1 1 fxr

Cautions 1. Set the TMOCKS2 to TMOCKSO bits while TMMO is stopped (TMOCE bit =
0). The TMOCKS2 to TMOCKSO bits cannot be set at the same time as
changing the value of TMOCE from 0 to 1.
2. Be sure to clear bits 3 to 6 to “0”.

Remark fxx: Main clock frequency
fr: Internal oscillator clock frequency
fxT: Subclock frequency

INTWT: Watch timer interrupt request signal
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(2) TMMO compare register 0 (TMOCMPO)
The TMOCMPO register is a 16-bit compare register.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H. However, if TMMO is reset while it is stopped, this register is set to FFFFH.
The same value can always be written to the TMOCMPO register by software.
The TMOCMPO register cannot be rewritten while TMMO is operating (TMOCTLO.TMOCE bit = 1).

Caution Do not set the TMOCMPO register to FFFFH.

After reset: 0000H R/W Address: FFFFF694H

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
moeweo | | | | [ L[ [ P[P ]
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8.4 Operation

8.4.1 Interval timer mode

When the TMOCE 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 incrementing.

When the value of the 16-bit counter matches the value of the TMOCMPO register, the 16-bit counter is cleared to

0000H and a compare match interrupt request signal (INTTMOEQO) is generated at the specified interval.

Figure 8-2. Configuration of Interval Timer

Clear
C;)glgtglc?:k >— 16-bit counter INTTMOEQO signal
& Match signal
{}
TMOCE bit TMOCMPO register
Figure 8-3. Basic Timing of Operation in Interval Timer Mode
FFFFH

16-bit counter

0000H

TMOCE bit

TMOCMPO register

X

INTTMOEQO signal

|

|

Interval (D + 1)

Interval (D + 1)

Interval (D + 1)

Interval (D + 1)
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An example of the register settings when the interval timer mode is used is shown in the figure below.

Figure 8-4. Register Settings in Interval Timer Mode

(a) TMMO control register 0 (TMOCTLO)

TMOCE TMOCKS2 TMOCKS1 TMOCKSO0

mocTo [ on | o | o | o | o | on | on | on |

These bits select the count clock.

0: Stop counting
1: Enable counting

(b) TMMO compare register 0 (TMOCMPO)
If the TMOCMPO register is set to D, the interval is as follows:

Interval = (D + 1) x Count clock cycle
(0000H < TMOCMPO register value < FFFFH)
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(1) Operations in interval timer mode

Figure 8-5. Timing and Processing of Operations in Interval Timer Mode

FFFFH

16-bit counter

0000H

TMOCE bit

TMOCMPO register x D

INTTMOEQO signal _| —l —l

<1> <2>

<1> Starting counting

(o)

Be sure to set up these registers before setting the

Set up the registers TMOCE bit to 1.

TMOCTLO register
(TMOCKSO to TMOCKS2 bits)
TMOCMPO register

. Counting is enabled (TMOCE bit = 1).
TMOCE bit =1 The TMOCKSO to TMOCKS?2 bits cannot be set here.

<2> Stopping counting

When counting is disabled (TMOCE bit = 0),
TMOCE bit = 0 the counter is reset and counting stops.

C=
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(2) Using interval timer mode
(a) Operation when TMOCMPO register is set to 0000H
When the TMOCMPO register is set to 0000H, the INTTMOEQO signal is generated for each count clock cycle.

The value of the 16-bit counter is always 0000H.

Figure 8-6. Operation of Interval Timer When TMOCMPO Register Is Set to 0000H

Count clock
16-bit counter FFFFH X 0000H X 0000H 0000H 0000H
TMOCE bit
TMOCMPO register 0000H
INTTMOEQO signal
Interval time Interval time
Count clock cycle | Count clock cycle

(b) Operation when TMOCMPO register is set to N
When the TMOCMPO register is set to N, the 16-bit counter increments up to N and is reset to 0000H in
synchronization with the next increment timing. The INTTMOEQO signal is then generated.

Figure 8-7. Operation of Interval Timer When TMOCMPO Register is Set to Other Than 0000H, FFFFH

FFFFH —
N
16-bit counter
0000H
TMOCE bit
TMOCMPO register N
INTTMOEQO signal —| —| —|
Interval time Interval time Interval time
(N+1)x (N +1)x (N+1)x
count clock cycle | count clock cycle | count clock cycle
Remark O0O0OOH <N < FFFFH
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8.4.2 Cautions

(1) It takes the 16-bit counter up to the following time to start counting after the TMOCTLO.TMOCE bit is set to 1,
depending on the count clock selected.

Selected Count Clock Maximum Time Before Counting Starts
fxx 2/fxx
fxx/2 3/fxx
fxx/4 6/fxx
fxx/64 128/fxx
fxx/512 1024/fxx
INTWT Second rising edge of INTWT signal
fr/8 16/fr
fxr 2/fxt

(2) Rewriting the TMOCMPO and TMOCTLO registers is prohibited while TMMO is operating.
If these registers are rewritten while the TMMO is operating (TMOCE bit = 1), the operation cannot be guaranteed.
If these registers are rewritten by mistake, clear the TMOCTLO.TMOCE bit to 0, and set the registers again.
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CHAPTER 9 WATCH TIMER

9.1 Functions
The watch timer has the following functions.
e Watch timer: An interrupt request signal (INTWT) is generated at intervals of 0.5 or 0.25 seconds by using the
main clock or subclock.
o Interval timer: An interrupt request signal (INTWT]I) is generated at set intervals.
The watch timer and interval timer functions can be used at the same time.
Caution INTWTI interrupt of the watch timer and INTRTC2 interrupt of RTC, and INTWT interrupt of

the watch timer and INTRTCO interrupt of RTC are alternate interrupt signals, and therefore
cannot be used simultaneously.
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9.2 Configuration

The block diagram of the watch timer is shown below.

Figure 9-1. Block Diagram of Watch Timer

Internal bus

PRSMO register @

[ BGCcEO | BGCS01/BGCS00)
L, |

Remark fx:
feacs:
feRa:
fx:
fw:

Clear l
_bi 2 PRSCMO register
fx Clock 3-bit
control prescaler
U Match 12
fx/8 {}
x4 | &
= | f .
2 |8 Becs 8-bit counter
fx %
S S
Clear 3™ 5-bit counter S [~ INTWT
fera . [} ]
2 11-bit prescaler ‘ @ 2
Q| fw
Kl Clear
[0
fxt ] fw/25|fw/28 fw/27 [fwi/28 fw/2® fw/2! [fw/2® +
S
8 INTWTI
[0}
[}
3

[ wrvz | wrve | wrms | wrma | wims | wrmz | wimt | wTmo |

Watch timer operation mode register

(WTM)

Internal bus

Main clock oscillation frequency
Watch timer source clock frequency
Watch timer count clock frequency

Subclock frequency

Watch timer clock frequency

INTWT: Watch timer interrupt request signal
INTWTI: Interval timer interrupt request signal
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1)

)

@)

(4)

(5)

(6)

@

@®)

©)

Clock control
This block controls supplying and stopping the operating clock (fx) when the watch timer operates on the main
clock.

3-bit prescaler
This prescaler divides fx to generate fx/2, fx/4, or fx/8.

8-bit counter
This counter counts the source clock (feccs).

11-bit prescaler
This prescaler divides fw to generate a clock of fw/2* to fw/2".

5-bit counter
This counter counts fw or fw/2°, and generates a watch timer interrupt request signal at intervals of 2'/fw, 2%fw,
2"%/fw, or 2'/fw.

Selector
The watch timer has the following five selectors.

e Selector that selects one of fx, fx/2, fx/4, or fx/8 as the source clock of the watch timer

e Selector that selects the main clock (fx) or subclock (fx) as the clock of the watch timer

¢ Selector that selects fw or fw/2° as the count clock frequency of the 5-bit counter

o Selector that selects 2*/fw, 2"°/fw, 2°/fw, or 2"*/fw as the INTWT signal generation time interval

¢ Selector that selects 2*/fw to 2''/fw as the interval timer interrupt request signal (INTWTI) generation time interval

PRSCMO register
This is an 8-bit compare register that sets the interval time.

PRSMO register
This register controls clock supply to the watch timer.

WTM register
This is an 8-bit register that controls the operation of the watch timer/interval timer, and sets the interrupt request
signal generation interval.
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9.3 Control Registers
The following registers are provided for the watch timer.

o Prescaler mode register 0 (PRSMO0)
o Prescaler compare register 0 (PRSCMO)
o Watch timer operation mode register (WTM)

(1) Prescaler mode register 0 (PRSMO0)
The PRSMO register controls the generation of the watch timer count clock.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF8BOH

7 6 5 <4> 3 2 1 0
PRSMo [ o | o | o |Beceo| o | o [Bacsot|BGCso|
BGCEO Main clock operation enable
0 Disabled
1 Enabled
BGCS01 | BGCS00 Selection of watch timer source clock (fsacs)
5 MHz 4 MHz
0 0 fx 200 ns 250 ns
1 fx/2 400 ns 500 ns
1 0 fx/4 800 ns 1us
1 1 fx/8 1.6 us 2us

Cautions 1. Do not change the values of the BGCS00 and BGCSO01 bits during watch timer operation.
2. Set the PRSMO register before setting the BGCEO bit to 1.
3. Set the PRSM0 and PRSCMO registers according to the main clock frequency that is used
so as to obtain an fsrc frequency of 32.768 kHz.
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(2) Prescaler compare register 0 (PRSCMO0)
The PRSCMO register is an 8-bit compare register.
This register can be read or written in 8-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF8B1H

7 6 5 4 3 2 1 0
PRSCMO | PRSCMO07 PRSCMO06| PRSCMO05 PRSCM04| PRSCMO3|PRSCMO02|PRSCMO1 |PRSCMO0|

Cautions 1. Do not rewrite the PRSCMO register during watch timer operation.
2. Set the PRSCMO register before setting the PRSM0.BGCEQO bit to 1.
3. Set the PRSMO0 and PRSCMO registers according to the main clock frequency that is used
so as to obtain an fera frequency of 32.768 kHz.

The calculation for fsra is shown below.

fera = feacs/2N

Remark fsacs: Watch timer source clock set by the PRSMO register
N: Set value of the PRSCMO register = 1 to 256
However, N = 256 when the PRSCMO register is set to 00H.
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(3) Watch timer operation mode register (WTM)

The WTM register enables or disables the count clock and operation of the watch timer, sets the interval time of

the prescaler, controls the operation of the 5-bit counter, and sets the set time of the watch flag.
Set the PRSMO0, PRSCMO register before setting the WTM register.

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

Reset sets this register to 00H.

(1/2)
After reset: 00H R/W Address: FFFFF680H
7 6 5 4 3 2 <1> <0>
wim [ wimz | wime | wrms | wima | wrms | wimz | wimt | wwmo |
WTM7 | WTM6 | WTM5 | WTM4 Selection of interval time of prescaler
0 0 0 0 24/fw (488 ps: fw = fx7)
0 0 0 1 25/fw (977 st fw = fx7)
0 0 1 0 25/fw (1.95 ms: fw = fxr)
0 0 1 1 27/fw (3.91 ms: fw = fx1)
0 1 0 0 28/fw (7.81 ms: fw = fxr)
0 1 0 1 2%fw (15.6 ms: fw = fx1)
0 1 1 0 2'9%fw (31.3 ms: fw = fxr)
0 1 1 1 21/fw (62.5 ms: fw = fx1)
1 0 0 0 2%/fw (488 us: fw = fera)
1 0 0 1 25/fw (977 us: fw = fera)
1 0 1 0 2/fw (1.95 ms: fw = ferc)
1 0 1 1 27/fw (3.90 ms: fw = fera)
1 1 0 0 28/fw (7.81 ms: fw = fera)
1 1 0 1 2%fw (15.6 ms: fw = fera)
1 1 1 0 21%fw (31.2 ms: fw = fera)
1 1 1 1 2"/fw (62.5 ms: fw = fsra)
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(2/2)

WTM7 | WTM3 | WTM2 Selection of set time of watch flag
0 0 0 2"%/fw (0.5 s: fw = fxr)
0 0 1 2'3/fw (0.25 s: fw = fxT)
0 1 0 25/fw (977 us: fw = fxr)
0 1 1 2%fw (488 us: fw = fxr)
1 0 0 2'%/fw (0.5 s: fw = fara)
1 0 1 2'3/fw (0.25 s: fw = fsRa)
1 1 0 2%/fw (977 us: fw = fera)
1 1 1 2%/fw (488 us: fw = fera)

WTMH1 Control of 5-bit counter operation
0 Clears after operation stops
1 Starts

WTMO Watch timer operation enable
0 Stops operation (clears both prescaler and 5-bit counter)
1 Enables operation

Caution Rewrite the WTM2 to WTM7 bits while both the WTMO0 and WTM1 bits are 0.
Remarks 1. fw: Watch timer clock frequency
2. Values in parentheses apply to operation with fw = 32.768 kHz
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9.4 Operation

9.4.1 Watch timer operations

The watch timer operates on the main clock or subclock (32.768 kHz) and generates an interrupt request signal
(INTWT) at fixed, exact time intervals of 0.25 or 0.5 seconds.

Counting starts when the WTM.WTM1 and WTM.WTMO bits are set to 11. When the WTMO bit is cleared to 0, the 11-
bit prescaler and 5-bit counter are cleared and counting stops.

The time of the watch timer can be adjusted by clearing the WTM1 bit to 0 and then clearing the 5-bit counter when the
watch timer is operating at the same time as the interval timer. At this time, an error of up to 15.6 ms may occur in the
watch timer, but the interval timer is not affected.

If the main clock is used as the count clock of the watch timer, set the count clock using the PRSM0.BGCS01 and
BGCSO00 bits and the 8-bit comparison value using the PRSCMO register, and set the count clock frequency (farc) of the
watch timer to 32.768 kHz.

When the PRSM0.BGCEQ bit is set to 1, fera is supplied to the watch timer.

fsra can be calculated by using the following expression.

fera = /(2™ x N)

To set fare to 32.768 kHz, perform the following calculation and set the BGCS01 and BGCSO00 bits and the PRSCMO0
register.

<1> Set N = x/65,536. Set m = 0.

<2> When the value resulting from rounding up the first decimal place of N is even, set N before the roundup as N/2
andmasm + 1.

<3> Repeat <2> until N is odd or m = 3.

<4> Set the value resulting from rounding up the first decimal place of N to the PRSCMO register and m to the BGCS01
and BGCSO00 bits.

Example: When fx = 4.00 MHz
<1> N = 4,000,000/65,536 = 61.03..., m=0
<2>, <3> Because N (round up the first decimal place) is odd, N =61, m = 0.
<4> Set value of PRSCMO register: 3DH (61), set value of BGCS01 and BGCSO00 bits: 00

At this time, the actual fera frequency is as follows.
fera = fx/(2™" x N) = 4,000,000/(2 x 61)
= 32.787 kHz

Remark m: Division value (set value of BGCS01 and BGCSO0O0 bits) = 0 to 3
N: Set value of PRSCMO register = 1 to 256
However, N = 256 when PRSCMO register is set to 00H.
fx: Main clock oscillator frequency

RO1UHO0018EJ0200 Rev.2.00 Page 427 of 969
Mar 25, 2014 RENESAS



V850ES/JC3-L, VB50ES/JE3-L CHAPTER 9 WATCH TIMER

9.4.2 Interval timer operations

The watch timer can also be used as an interval timer that repeatedly generates an interrupt request signal (INTWTI) at
intervals determined by certain conditions.

The interval time can be selected by using the WTM4 to WTM?7 bits of the WTM register.

Table 9-1. Interval Time of Interval Timer

WTM7 WTM6 WTM5 WTM4 Interval Time

0 0 0 0 2 x 1/fw 488 us (operating at fw = fxr = 32.768 kHz)

0 0 0 1 2° x 1/fw 977 us (operating at fw = fxr = 32.768 kHz)

0 0 1 0 2° x 1/fw 1.95 ms (operating at fw = fxr = 32.768 kHz)
0 0 1 1 2" x 1/fw 3.91 ms (operating at fw = fxr = 32.768 kHz)
0 1 0 0 2° x 1/fw 7.81 ms (operating at fw = fxr = 32.768 kHz)
0 1 0 1 2° x 1/fw 15.6 ms (operating at fw = fxr = 32.768 kHz)
0 1 1 0 2% x 1/fw 31.3 ms (operating at fw = fxr = 32.768 kHz)
0 1 1 1 2" x 1/fw 62.5 ms (operating at fw = fxr = 32.768 kHz)
1 0 0 0 2" x 1/fw 488 us (operating at fw = fera = 32.768 kHz)
1 0 0 1 2° x 1/fw 977 us (operating at fw = fera = 32.768 kHz)
1 0 1 0 2° x 1/fw 1.95 ms (operating at fw = fsre = 32.768 kHz)
1 0 1 1 2" x 1/fw 3.91 ms (operating at fw = fsra = 32.768 kHz)
1 1 0 0 2° x 1/fw 7.81 ms (operating at fw = fere = 32.768 kHz)
1 1 0 1 2° x 1/fw 15.6 ms (operating at fw = fere = 32.768 kHz)
1 1 1 0 2% x 1/fw 31.3 ms (operating at fw = fsre = 32.768 kHz)
1 1 1 1 2" x 1/fw 62.5 ms (operating at fw = fsre = 32.768 kHz)

Remark fw: Watch timer clock frequency
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Figure 9-2. Timing of Watch Timer and Interval Timer Operations

5-bit counter

Watch timer interrupt

OH
Start Overflow Overflow
Count clock | | | | | | | | | | | | | | | | | | | | | | | |

INTWT
Interrupt time of watch timer (0.5 s) | Interrupt time of watch timer (0.5 s)
Interval timer interrupt
INTWT| ———— = —//// /1 e
Interval time (T) Interval time (T)
nT nT

Remarks 1. When 0.5 seconds is set as the watch timer interrupt time.
2. fw: Watch timer clock frequency

n: Number of interval timer operations

Values in parentheses apply to operation with fw = 32.768 kHz. (WTM7 = 1, WTM3, WTM2 = 00)
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9.5 Cautions

(1) Operation as watch timer
The first watch timer interrupt request signal (INTWT) is not generated at the exact time specified using the WTM2
and WTMS bits after operation is enabled (WTM.WTM1 and WTM.WTMO bits = 11). The second and subsequent
INTWT signals are generated at the specified time.

Figure 9-3. Example of Generation of Watch Timer Interrupt Request Signal (INTWT)
(When Interrupt Cycle = 0.5 s)

It takes 0.515625 seconds (max.) for the first INTWT signal to be generated (2° x 1/32768 = 0.015625 seconds
longer (max.)). The INTWT signal is then generated every 0.5 seconds.

WTMO, WTM1 E - 5

! 05156255 ! 05s : 05s !

e

(2) When watch timer and interval timer WT operate simultaneously

The interval time of interval timer WT can be set to a value between 488 us and 62.5 ms. It cannot be changed
later.

Do not stop interval timer WT (by clearing the WTM.WTMO bit to 0) while the watch timer is operating. If the
WTMO bit is set to 1 again after it had been cleared to 0, the watch timer will have a discrepancy of up to 0.5 or
0.25 seconds.
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CHAPTER 10 REAL-TIME COUNTER

10.1 Functions
The real-time counter (RTC) has the following features.

e Counting up to 99 years using year, month, day-of-week, day, hour, minute, and second sub-counters provided
¢ Year, month, day-of-week, day, hour, minute, and second counter display using BCD codes™"'
e Alarm interrupt function

o Constant-period interrupt function (period: 1 month to 0.5 second)

e |Interval interrupt function (period: 1.95 ms to 125 ms)

e Pin output function of 1 Hz

¢ Pin output function of 32.768 kHz (V850ES/JE3-L only)

e Pin output function of 512 Hz or 16.384 kHz (V850ES/JE3-L only)

e Watch error correction function

Note 2

e Subclock operation or main clock operation selectable

Notes 1. ABCD (binary coded decimal) code expresses each digit of a decimal number in 4-bit binary format.
2. Use the baud rate generator dedicated to the real-time counter to divide the main clock frequency to 32.768

kHz for use.

Caution The watch timer and RTC alternate interrupt signal and therefore cannot be used simultaneously.
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10.2 Configuration

The real-time counter includes the following hardware.

Table 10-1. Configuration of Real-Time Counter

ltem

Configuration

Control registers

Real-time counter control register 0 (RC1CCO0)
Real-time counter control register 1 (RC1CC1)
Real-time counter control register 2 (RC1CC2)
Real-time counter control register 3 (RC1CC3)
Sub-count register (RC1SUBC)

Second count register (RC1SEC)

Minute count register (RC1MIN)

Hour count register (RC1HOUR)

Day count register (RC1DAY)

Day-of-week count register (RC1WEEK)
Month count register (RC1MONTH)

Year count register (RC1YEAR)

Watch error correction register (RC1SUBU)
Alarm minute register (RC1ALM)

Alarm hour register (RC1ALH)

Alarm week register (RC1ALW)

Prescaler mode register 0 (PRSMO)

Prescaler compare register 0 (PRSCMO0)
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Figure 10-1. Block Diagram of Real-Time Counter

CLOE1
D—»@ RTC1HZ
Minute Hour Day-of-week
alarm alarm alarm
u u U INTRTC1
5 [~ INTRTCO
(5}
ks
Count clock 3
=32.768 kHz 1 minute 1 hour 1 day 1 month L
§ Second Minute Hour Day Day-of week Month Year
] Sub-counter| . .1 counter counter counter counter counter counter counter
8 (16-bit) (7-bit) (7-bit) (6-bit) (3-bit) (3-bit) (5-bit) (8-bit)
Count enable/
disable circuit
Second Minute Hour Day Week Month Year
counter counter counter counter counter counter counter
write buffer write buffer write buffer write buffer write buffer write buffer write buffer
ICT2t0 ICTO
12
12-bit counter [ <72 RINTE
fxr/2"! S 4LD—
10 3 INTRTC2
fx1/2° 3
fxt/28 CKDIV
fxi/2
fx1/2% l
e/ 5 CLOE2
[$] Note2
bl 3 RTCDIV!
3 CLOEO
m RTCCLNote2
Notes 1. For detail of fsrg, refer to 10.3 (17) Prescaler mode register 0 (PRSMO0) and 10.3 (18) Prescaler
compare register 0 (PRSCMO).
2. V850ES/JES3-L only.
Remark fsra: Real-time counter count clock frequency
fxT: Subclock frequency
INTRTCO: Real-time counter fixed-cycle interrupt signal
INTRTC1: Real-time counter alarm match interrupt signal
INTRTC2: Real-time counter interval interrupt signal
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10.2.1 Pin configuration
The RTC outputs included in the real-time counter are alternatively used as shown in Table 10-2. The port function must
be set when using each pin (see Table 4-17 Settings When Pins Are Used for Alternate Functions).

Table 10-2. Pin Configuration

Pin Number Port RTC Output Other Alternate Function
JC3L(40) | JC3L(48) JE3L
12 14 18 P03 RTC1HZ INTPO/ADTRG
- - 19 P04 RTCDIV INTP1/RTCCL
- - 19 P04 RTCCL INTP1/RTCDIV

Remark JC3L (40): VB50ES/JC3-L (40-pin products)
JC3L (48): VB50ES/JCS3-L (48-pin products)
JE3L : VB50ES/JE3-L

10.2.2 Interrupt functions

The RTC includes the following three types of interrupt signals.

(1) INTRTCO

A fixed-cycle interrupt signal is generated every 0.5 second, second, minute, hour, day, or month.

(2) INTRTC1

Alarm interrupt signal

(3) INTRTC2

An interval interrupt signal of a cycle of fx1/2°, tx1/27, ix1/2°, fx1/2°, ix7/2"°, fx1/2", or ix1/2"* is generated.
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10.3 Registers
The real-time counter is controlled by the following 18 registers.

(1) Real-time counter control register 0 (RC1CCO0)
The RC1CCO register selects the real-time counter input clock.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: O0H R/W Address: FFFFFADDH

7 6 5 4 3 2 1
Rcicco [RctPwr|Rcicks| o | o | o | o | o | o |
RC1PWR Real-time counter operation control
0 Stops real-time counter operation.
1 Enables real-time counter operation.
RC1CKS Operation clock selection
0 Selects fxt as operation clock.
1 Selects fsrc as operation clock.

Cautions 1. Follow the description in 10.4.8 Initializing real-time counter when stopping (RC1PWR =
1 — 0) the real-time counter while it is operating.
2. The RC1CKS bit can be rewritten only when the real-time counter is stopped (RC1PWR
bit = 0). Furthermore, rewriting the RC1CKS bit at the same time as setting the RC1PWR
bit from 0 to 1 is prohibited.

(2) Real-time counter control register 1 (RC1CC1)
The RC1CCH1 register is an 8-bit register that starts or stops the real-time counter, controls the RTCCL and
RTC1HZ pins, selects the 12-hour or 24-hour system, and sets the fixed-cycle interrupt function.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to O0H.
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After reset: 00H R/W Address: FFFFFADEH

7 6 5 4 3 2 1 0
Rcicct | RTCE | o | cLOE1 [cLoEo™ amPm | cT2 | c11 | cTo |
RTCE Control of operation of each counter
0 Stops counter operation.
1 Enables counter operation.
CLOE1 RTC1HZ pin output control

0 Disables RTC1HZ pin output (1 Hz)
1 Enables RTC1HZ pin output (1 Hz)

CLOE(QNet¢ RTCCL pin output control
0 Disables RTCCL pin output (32.768 kHz)
1 Enables RTCCL pin output (32.768 kHz)

AMPM 12-hour system/24-hour system selection

0 12-hour system (a.m. and p.m. are displayed.)
1 24-hour system

CT2 CT1 CTO Fixed-cycle interrupt (INTRTCO) selection
0 0 0 Does not use fixed-cycle interrupts
0 0 1 Once in 0.5 second (synchronous with second count-up)
0 1 0 Once in 1 second (simultaneous with second count-up)
0 1 1 Once in 1 minute (every minute at 00 seconds)
1 0 0 Once in 1 hour (every hour at 00 minutes 00 seconds)
1 0 1 Once in 1 day (every day at 00 hours 00 minutes 00 seconds)
1 1 X Once in 1 month (one day every month at 00 hours

00 minutes 00 seconds a.m.)

Note V850ES/JE3-L only

Cautions 1. Writing 0 to the RTCE bit while the RTCE bit is 1 is prohibited. Clear the RTCE bit by
clearing the RC1PWR bit according to 10.4.8 Initializing real-time counter.

2. The RTC1HZ output operates as follows when the CLOE1 bit setting is changed.

e When changed from 0 to 1: The RTC1HZ output outputs a 1 Hz pulse after two clocks
or less (2 x 32.768 kHz).

¢ When changed from 1 to 0: The RTC1HZ output is stopped (fixed to low level) after
two clocks or less (2 x 32.768 kHz).

3. See 10.4.1 Initial settings and 10.4.2 Rewriting each counter during real-time counter
operation for setting or changing the AMPM bit. Furthermore, re-set the RC1HOUR
register when the AMPM bit is rewritten.

4. See 10.4.4 Changing INTRTCO interrupt setting during real-time counter operation when
rewriting the CT2 to CTO bits while the real-time counter operates (RC1PWR bit = 1).
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(3) Real-time counter control register 2 (RC1CC2)
The RC1CC2 register is an 8-bit register that controls the alarm interrupt function and waiting of counters.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFFADFH

7 6 5 4 3 2 1 0
rReiccz [wate | o | o | o | o | o [ RwsT|RwaAr |

WALE Alarm interrupt (INTRTC1) operation control

0 Does not generate interrupt upon alarm match.

1 Generates interrupt upon alarm match.
RWST Real-time counter wait state

0 Counter operating

1 Counting up of second to year counters stopped

(Reading and writing of counter values enabled)

This is a status flag indicating whether the RWAIT bit setting is valid.
Read or write counter values after confirming that the RWST bit is 1.

RWAIT Real-time counter wait control
0 Sets counter operation.
1 Stops count operation of second to year counters.
(Counter value read/write mode)

This bit controls the operation of the counters.

Be sure to write 1 to this bit when reading or writing counter values.

If the RC1SUBC register overflows while the RWAIT bit is 1, the overflow
information is retained internally and the RC1SEC register is counted up after two
clocks or less (2 x 32.768 kHz) after 0 is written to the RWAIT bit.

However, if the second counter value is rewritten while the RWAIT bit is 1, the
retained overflow information is discarded.

Cautions 1. See 10.4.5 Changing INTRTC1 interrupt setting during real-time counter operation when
rewriting the WALE bit while the real-time counter operates (RC1PWR bit = 1).
2. Confirm that the RWST bit is set to 1 when reading or writing each counter value.
3. The RWST bit does not become 0 while each counter is being written, even if the RWAIT
bit is set to 0. It becomes 0 when writing to each counter is completed.
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(4) Real-time counter control register 3 (RC1CC3)
The RC1CC3 register is an 8-bit register that controls the interval interrupt function and RTCDIV pin.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFFAEOH

7 6 5 4 3 2 1 0
RC1CC3 | RINTE |CLOE2%e|ckDiv*| o | o | ict2 | icT1 | icTo |
RINTE Interval interrupt (INTRTC2) control
0 Does not generate interval interrupt.
1 Generates interval interrupt.
CLOE2Nete RTCDIV pin output control

0 Disables RTCDIV pin output.
1 Enables RTCDIV pin output.

CKDIyNete RTCDIV pin output frequency selection
0 Outputs 512 Hz (1.95 ms) from RTCDIV pin.
1 Outputs 16.384 kHz (0.061 ms) from RTCDIV pin.

ICT2 ICT1 ICTO Interval interrupt (INTRTC2) selection
0 0 0 28/fxt (1.953125 ms)
0 0 1 27/fxt (3.90625 ms)
0 1 0 28/fxT (7.8125 ms)
0 1 1 2%fxT (15.625 ms)
1 0 0 2'%fxr (31.25 ms)
1 0 1 2"/ixr (62.5 ms)
1 1 X 22/fxr (125 ms)

Note V850ES/JE3-L only.

Cautions 1. See 10.4.7 Changing INTRTC2 interrupt setting during real-time counter operation when
rewriting the RINTE bit during real-time counter operation (RC1PWR bit = 1).
2. The RTCDIV output operates as follows when the CLOE2 bit setting is changed.
¢ When changed from 0 to 1: A pulse set by the CKDIV bit is output after two clocks or
less (2 x 32.768kHz).
e When changed from 1 to 0: Output of the RTCDIV output is stopped after two clocks
or less (fixed to low level, 2 x 32.768kHz)).
3. See 10.4.7 Changing INTRTC2 interrupt setting during real-time counter operation when
rewriting the ICT2 to ICTO bits while the real-time counter operates (RC1PWR bit = 1).
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®)

Sub-count register (RC1SUBC)

The RC1SUBC register is a 16-bit register that counts the reference time of 1 second of the real-time counter.
It takes a value of 0000H to 7FFFH and counts one second with a clock of 32.768 kHz.

This register is read-only, in 16-bit units.

Reset sets this register to 0000H.

Cautions 1 When a correction is made by using the RC1SUBU register, the value may become 8000H
or more.
2. This register is also cleared by writing to the second count register.
3. The value read from this register is not guaranteed if it is read during operation, because a
changing value is read.

After reset: 0000H R Address: FFFFFADOH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
reswec | 0 | 0 [ L [ L [T P

6)

Second count register (RC1SEC)

The RC1SEC register is an 8-bit register that takes a value of 0 to 59 (decimal) and indicates the count value of
seconds.

It counts up when the sub-counter overflows.

When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (2 x 32.768 kHz)
later. Set a decimal value of 00 to 59 to this register in BCD code. If a value outside this range is set, the register
value returns to the normal value after one period.

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

Reset sets this register to O0H.

Caution Setting the RC1SEC register to values other than 00 to 59 is prohibited.
Remark See 10.4.1 Initial settings, 10.4.2 Rewriting each counter during real-time counter operation, and

10.4.3 Reading each counter during real-time counter operation when reading or writing the
RC1SEC register.

After reset: 00H R/W Address: FFFFFAD2H

RCISEC | 0 | | | | | | |
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@

Minute count register (RC1MIN)

The RC1MIN register is an 8-bit register that takes a value of 0 to 59 (decimal) and indicates the count value of
minutes.

It counts up when the second counter overflows.

When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (2 x 32.768 kHz)
later. Set a decimal value of 00 to 59 to this register in BCD code.

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

Reset sets this register to 00H.

Caution Setting a value other than 00 to 59 to the RC1MIN register is prohibited.
Remark See 10.4.1 Initial settings, 10.4.2 Rewriting each counter during real-time counter operation, and

10.4.3 Reading each counter during real-time counter operation when reading or writing the
RC1MIN register.

After reset: 00H R/W Address: FFFFFAD3H

6 5 4 3 2 1 0
RCIMIN | 0 | | | | | | | |

@®)

Hour count register (RC1HOUR)

The RC1HOUR register is an 8-bit register that takes a value of 0 to 23 or 1 to 12 (decimal) and indicates the count
value of hours.

It counts up when the minute counter overflows.

When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (2 x 32.768 kHz)
later. Set a decimal value of 00 to 23, 01 to 12, or 21 to 32 to this register in BCD code. If a value outside this
range is set, the register value returns to the normal value after 1 period.

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

Reset sets this register to 12H.

However, the value of this register is 00H if the AMPM bit is set to 1 after reset.

Cautions 1. Bit 5 of the RC1HOUR register indicates a.m. (0) or p.m. (1) if AMPM = 0 (if the 12-hour
system is selected).
2. Setting a value other than 01 to 12, 21 to 32 (AMPM bit= 0), or 00 to 23 (AMPM bit = 1) to
the RC1HOUR register is prohibited.

Remark See 10.4.1 Initial settings, 10.4.2 Rewriting each counter during real-time counter operation, and
10.4.3 Reading each counter during real-time counter operation when reading or writing the
RC1HOUR register.

After reset: 12H R/W Address: FFFFFAD4H

RCIHOUR [ o | o | | | | | | |
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Table 10-3 shows the relationship among the AMPM bit setting value, RC1HOUR register value, and time.

Table 10-3. Time Digit Display

12-Hour Display (AMPM Bit = 0) 24-Hour Display (AMPM Bit = 1)
Time RC1HOUR Register Value Time RC1HOUR Register Value
0:00 a.m. 12H 0:00 00H
1:00 a.m. 01 H 1:00 01 H
2:00 a.m. 02H 2:00 02H
3:00 a.m. 03 H 3:00 03 H
4:00 a.m. 04 H 4:00 04 H
5:00 a.m. 05H 5:00 05 H
6:00 a.m. 06 H 6:00 06 H
7:00 a.m. 07 H 7:00 07H
8:00 a.m. 08 H 8:00 08 H
9:00 a.m. 09 H 9:00 09 H
10:00 a.m. 10H 10:00 10H
11:00 a.m. 11 H 11:00 11H
0:00 p.m. 32H 12:00 12H
1:00 p.m. 21H 13:00 13 H
2:00 p.m. 22H 14:00 14 H
3:00 p.m. 23 H 15:00 15H
4:00 p.m. 24H 16:00 16 H
5:00 p.m. 25H 17:00 17H
6:00 p.m. 26 H 18:00 18 H
7:00 p.m. 27H 19:00 19H
8:00 p.m. 28 H 20:00 20H
9:00 p.m. 29H 21:00 21H
10:00 p.m. 30H 22:00 22 H
11:00 p.m. 31H 23:00 23H

The RC1HOUR register value is displayed in 12 hour-format if the AMPM bit is 0 and in 24-hour format when the

AMPM bit is 1.

In 12-hour display, a.m. or p.m. is indicated by the fifth bit of RCHOUR: 0 indicating before noon (a.m.) and 1

indicating noon or afternoon (p.m.).

RO1UHO0018EJ0200 Rev.2.00

Mar 25, 2014 RENESAS

Page 441 of 969



V850ES/JC3-L, V850ES/JE3-L CHAPTER 10 REAL-TIME COUNTER

(9) Day count register (RC1DAY)
The RC1DAY register is an 8-bit register that takes a value of 1 to 31 (decimal) and indicates the count value of
days.
It counts up when the hour counter overflows.
This counter counts as follows.

01 to 31 (January, March, May, July, August, October, December)
01 to 30 (April, June, September, November)

01 to 29 (February in leap year)

01 to 28 (February in normal year)

When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (32.768 kHz) later.
Set a decimal value of 00 to 31 to this register in BCD code.

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

Reset sets this register to 01H.

Caution Setting a value other than 01 to 31 to the RC1DAY register is prohibited. Setting a value outside
the above-mentioned count range, such as “February 30” is also prohibited.

Remark See 10.4.1 Initial settings, 10.4.2 Rewriting each counter during real-time counter operation, and
10.4.3 Reading each counter during real-time counter operation when reading or writing the
RC1DAY register.

After reset: 01H R/W Address: FFFFFAD6H

ReDAY | o | o | | | | | | |
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(10) Day-of-week count register (RC1WEEK)
The RC1WEEK register is an 8-bit register that takes a value of 0 to 6 (decimal) and indicates the day-of-week
count value.
It counts up in synchronization with the day counter.
When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (2 x 32.768 kHz)
later. Set a decimal value of 00 to 06 to this register in BCD code. If a value outside this range is set, the register
value returns to the normal value after 1 period.
This register can be read or written in 8-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFFAD5H

RCIWEEK | o | o | o | o | o | | | |

Cautions 1. Setting a value other than 00 to 06 to the RC1WEEK register is prohibited.
2. Values corresponding to the month count register and day count register are not
automatically stored to the day-of-week register.
Be sure to set as follows after reset.

Day of Week RC1WEEK
Sunday 00H
Monday 01H
Tuesday 02H

Wednesday 03H

Thursday 04H
Friday 05H
Saturday 06H

Remark See 10.4.1 Initial settings, 10.4.2 Rewriting each counter during real-time counter operation, and
10.4.3 Reading each counter during real-time counter operation when reading or writing the
RC1WEEK register.
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(11) Month count register (RC1MONTH)
The RC1MONTH register is an 8-bit register that takes a value of 1 to 12 (decimal) and indicates the count value
of months.
It counts up when the day counter overflows.
When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (2 x 32.768 kHz)
later. Set a decimal value of 01 to 12 to this register in BCD code.
This register can be read or written in 8-bit units.
Reset sets this register to 01H.

Caution Setting a value other than 01 to 12 to the RC1MONTH register is prohibited.
Remark See 10.4.1 Initial settings, 10.4.2 Rewriting each counter during real-time counter operation, and

10.4.3 Reading each counter during real-time counter operation when reading or writing the
RC1MONTH register.

After reset: 01H R/W Address: FFFFFAD7H

RCIMONTH [ o | o | o | | | | | |

(12) Year count register (RC1YEAR)
The RC1YEAR register is an 8-bit register that takes a value of 0 to 99 (decimal) and indicates the count value of
years.
It counts up when the month counter overflows.
Values 00, 04, 08, ..., 92, and 96 indicate a leap year.
When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (2 x 32.768 kHz)
later. Set a decimal value of 00 to 99 to this register in BCD code.
This register can be read or written in 8-bit units.
Reset sets this register to O0H.

Caution Setting a value other than 00 to 99 to the RC1YEAR register is prohibited.
Remark See 10.4.1 Initial settings, 10.4.2 Rewriting each counter during real-time counter operation, and

10.4.3 Reading each counter during real-time counter operation when reading or writing the
RC1YEAR register.

After reset: O0H R/W Address: FFFFFAD8H

RCIVEAR | | | | | | | | |
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(13) Watch error correction register (RC1SUBU)
The RC1SUBU register is an 8-bit register that can be used to correct the watch with high accuracy when the
watch is early or late, by changing the value (reference value: 7FFFH) overflowing from the sub-count register
(RSUBC) to the second counter register.

This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

Remarks 1.

Be sure to see 10.4.1 Initial settings.

The RC1SUBU register can be rewritten only when the real-time counter is set to its initial values.

2. See 10.4.9 Watch error correction example of real-time counter for details of watch error

correction.

After reset: 00H R/W Address: FFFFFAD9H

7 6 5 4 3 2 1 0

RoisuBu | bev | Fe | F5 | Fa | F8 | F2 | F1 | Fo
DEV Setting of watch error correction timing

0 Corrects watch errors when RC1SEC (second counter) is at 00, 20, or

40 seconds (every 20 seconds).

1 Corrects watch errors when RC1SEC (second counter) is at 00 seconds
(every 60 seconds).

F6 Setting of watch error correction value

0 Increments the RC1SUBC count value by the value set using the F5 to
FO bits (positive correction).
Expression for calculating increment value:

(Setting value of F5 to FO bits — 1) x 2

1 Decrements the RC1SUBC count value by the value set using the F5 to
FO bits (negative correction).
Expression for calculating decrement value:

(Inverted value of setting value of F5 to FO bits + 1) x 2

If the F6 to FO bit values are {1/0, 0, 0, 0, 0, 0, 1/0}, watch error correction is not
performed.
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(14) Alarm minute setting register (RC1ALM)
The RC1ALM register is an 8-bit register that is used to set minutes of alarm.
This register can be read or written in 8-bit units.
Reset sets this register to 00H.

Caution Set a decimal value of 00 to 59 to this register in BCD code. If a value outside the range is set,
the alarm is not detected.

After reset: 00H R/W Address: FFFFFADAH

RCAM | o | | | | | | | |

(15) Alarm hour setting register (RC1ALH)
The RC1ALH register is an 8-bit register that is used to set hours of alarm.
This register can be read or written in 8-bit units.
Reset sets this register to 12H.

Cautions 1. Set a decimal value of 00 to 23, 01 to 12, or 21 to 32 to this register in BCD code. If a value
outside the range is set, the alarm is not detected.
2. Bit 5 of the RC1ALH register indicates a.m. (0) or p.m. (1) if the AMPM bit = 0 (12-hour
system) is selected.

After reset: 12H R/W Address: FFFFFADBH

RCtALH | o | o | | | | | |
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(16) Alarm day-of-week setting register (RC1ALW)
The RC1ALW register is an 8-bit register that is used to set the day-of-week of the alarm.
This register can be read or written in 8-bit units.
Reset sets this register to 00H.

Caution See 10.4.5 Changing INTRTC1 interrupt setting during clock operation when rewriting the
RC1ALW register while the real-time counter operates (RC1PWR bit = 1).

After reset: O0H

7

R/W Address: FFFFFADCH

6 5 4 3 2 1 0

RCIALW | 0

| RC1ALW6| RC1ALWS| RCTALW4| RC1ALW3| RC1ALW2| RC1ALWH | RCIALWO |

Saturday Friday Thursday Wednesday Tuesday Monday Sunday

RC1ALW6

Alarm interrupt day-of-week bit 6

0

Does not generate alarm interrupt if RC1WEEK = 06H (Saturday).

1

Generates an alarm interrupt if the time specified by using the RC1ALM

and RC1ALH registers is reached while RC1WEEK is set to 06H (Saturday).

RC1ALW5

Alarm interrupt day-of-week bit 5

0

Does not generate alarm interrupt if RC1WEEK = 05H (Friday).

1

Generates an alarm interrupt if the time specified by using the RC1ALM

and RC1ALH registers is reached while RC1WEEK is set to 05H (Friday).

RC1ALW4

Alarm interrupt day-of-week bit 4

0

Does not generate alarm interrupt if RC1WEEK = 04H (Thursday).

1

Generates an alarm interrupt if the time specified by using the RC1ALM
and RC1ALH registers is reached while RC1WEEK is set to 04H (Thursday)

RC1ALW3

Alarm interrupt day-of-week bit 3

0

Does not generate alarm interrupt if RC1WEEK = 03H (Wednesday).

1

Generates an alarm interrupt if the time specified by using the RC1ALM
and RC1ALH registers is reached while RC1WEEK is set to 03H (Wednesday).

RC1ALW2

Alarm interrupt day-of-week bit 2

0

Does not generate alarm interrupt if RC1WEEK = 02H (Tuesday).

1

Generates an alarm interrupt if the time specified by using the RC1ALM

and RC1ALH registers is reached while RC1WEEK is set to 02H (Tuesday).

RC1ALWA1

Alarm interrupt day-of-week bit 1

0

Does not generate alarm interrupt if RC1IWEEK = 01H (Monday).

1

Generates an alarm interrupt if the time specified by using the RC1ALM

and RC1ALH registers is reached while RC1WEEK is set to 01H (Monday).

RC1ALWO

Alarm interrupt day-of-week bit 0

0

Does not generate alarm interrupt if RC1WEEK = 00H (Sunday).

1

Generates an alarm interrupt if the time specified by using the RC1ALM

and RC1ALH registers is reached while RC1WEEK is set to 00H (Sunday).
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(a) Alarm interrupt setting examples (RC1ALM, RC1ALH, and RC1ALW setting examples)
Tables 10-4 and 10-5 show setting examples if Sunday is RCIWEEK = 00, Monday is RC1WEEK = 01,
Tuesday is RC1WEEK = 02, ---, and Saturday is RC1WEEK = 06.

Table 10-4. Alarm Setting Example if AMPM = 0 (RC1HOUR Register 12-Hour Display)

Register RC1ALW RC1ALH RC1ALM
Alarm Setting Time
Sunday, 7:00 a.m. 01H 07H 00H
Sunday/Monday, 00:15 p.m. 03H 32H 15H
Monday/Tuesday/Friday, 5:30 p.m. 26H 25H 30H
Everyday, 10:45 p.m. 7FH 30H 45H

Table 10-5. Alarm Setting Example if AMPM = 1 (RC1HOUR Register 24-Hour Display)

Register RC1ALW RC1ALH RC1ALM
Alarm Setting Time
Sunday, 7:00 01H 07H 00H
Sunday/Monday, 12:15 03H 12H 15H
Monday/Tuesday/Friday, 17:30 26H 17H 30H
Everyday, 22:45 7FH 22H 45H

(17) Prescaler mode register 0 (PRSMO0)
The PRSMO register is an 8-bit register that controls the generation of the real time counter count clock (fsra).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address : FFFFF8BOH

<4> 3 2 1 0
PRSMO | o | o | o |Beaceo| o | o [Bgcsot|BGCs0o|

BGCEO Main clock operation enable

0 Disabled

1 Enabled
BGCSO01 | BGCSO00 Selection of real time counter source clock(fsacs)

5 MHz 4 MHz

0 0 fx 200 ns 250 ns

0 1 fx/2 400 ns 500 ns

1 0 fx/4 800 ns 1us

1 1 fx/8 1.6 us 2us

Cautions 1. Do not change the values of the BGCS00 and BGCSO01 bits during real time
counteroperation.
2. Set the PRSMO register before setting the BGCEDO bit to 1.
3. Set the PRSMO0 and PRSCMO registers according to the main clock frequency that is used
so as to obtain an ferc frequency of 32.768 kHz.
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(18) Prescaler compare register 0 (PRSCMO)
The PRSCMO register is an 8-bit compare register.
This register can be read or written in 8-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF8B1H

7 6 5 4 3 2 1 0
PRSCMO | PRSCMO7 PRSCMO6| PRSCMO5|PRSCMO4| PRSCMO3/PRSCM02 [PRSCM01 |PRSCMO0)|

Cautions 1. Do not rewrite the PRSCMO register during real time counter operation.
2. Set the PRSCMO register before setting the PRSM0.BGCEO bit to 1.

so as to obtain an fere frequency of 32.768 kHz.

3. Set the PRSM0 and PRSCMO registers according to the main clock frequency that is used

The calculation for fsra is shown below.

fera = feccs/2N

Remark fsaccs: Watch timer source clock set by the PRSMO register
N: Set value of the PRSCMO register = 1 to 256
However, N = 256 when the PRSCMO register is set to 00H.
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10.4 Operation

10.4.1 Initial settings
The initial settings are set when operating the watch function and performing a fixed-cycle interrupt operation.

Figure 10-2. Initial Setting Procedure

s )

RC1CC0.RC1PWR bit =0

Setting RC1CKS

RC1CC0.RC1PWR bit = 1

Setting AMPM and CT2 to CTO

Setting RC1SUBU

Setting RC1SEC
(Clearing RC1SUBC)
Setting RC1MIN
Setting RC1THOUR
Setting RC1IWEEK
Setting RC1DAY
Setting RCIMONTH
Setting RC1YEAR

Clearing interrupt IF flag

Clearing interrupt MK flag

RC1CC1.RTCE bit = 1

INTRTC = 1?

( Reading counter )

Stops counter operation.

Selects real-time counter (RTC) operation clock.

Enables real-time counter (RTC) internal clock operation.

Selects 12-hour system or 24-hour system and interrupt (INTRTCO).

Sets watch error correction.

Sets each count register.

Clears interrupt request flag (RTCOIF)

Clears interrupt mask flag (RTCOMK)

Starts counter operation.
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10.4.2 Rewriting each counter during real-time counter operation
Set as follows when rewriting each counter (RC1SEC, RC1MIN, RC1HOUR, RC1WEEK, RC1DAY, RC1MONTH,
RC1YEAR) during real-time counter operation (RC1PWR = 1).

Figure 10-3. Rewriting Each Counter During Real-time Counter Operation

s )

No

C1CC2.RWST bit = 0? Checks whether previous writing to

RC1SEC to RC1YEAR counters is completed.

Yes

RC1CC2.RWAIT bit = 1 Stops RC1SEC tg RC1YEAR counters.
Counter value write/read mode

RC1CC2.RWST bit = 1?7Ve® Checks counter wait status.

! Setting AMPM 1 Selects watch counter display method.
I e e e e e e = == .I __________ 4
Writing RC1SEC Writes to each count register.

Writing RC1MIN
Writing RC1HOUR
Writing RC1TWEEK
Writing RC1DAY
Writing RCIMONTH
Setting RC1YEAR

RC1CC2.RWAIT bit =0 Sets RC1SEC to RC1YEAR counter operation.

|
G

Note Be sure to confirm that RWST = 0 before setting STOP mode.

Caution Complete the series of operations for setting RWAIT to 1 to clearing RWAIT to 0 within 1
second.
If RWAIT = 1 is set, the operation of RC1SEC to RC1YEAR is stopped. If a carry occurs from
RC1SUBC while RWAIT = 1, one carry can be internally retained. However, if two or more
carries occur, the number of carries cannot be retained.

Remark RC1SEC, RC1MIN, RC1HOUR, RC1WEEK, RC1DAY, RC1MONTH, and RC1YEAR may berewrite
in any sequence.
All the registers do not have to be set and only some registers may be read.
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10.4.3 Reading each counter during real-time counter operation
Set as follows when reading each counter (RC1SEC, RC1MIN, RC1HOUR, RC1WEEK, RC1DAY, RC1MONTH,
RC1YEAR) during real-time counter operation (RC1PWR =1, RTCE = 1).

Figure 10-4. Reading Each Counter During Real-time Counter Operation

s )

No

C1CC2.RWST bit = 0?7 Checks whether previous writing to RC1SEC to

RC1YEAR is completed.

Yes

RC1CC2.RWAIT bit = 1 Stops RC1SEC tp RC1YEAR counters.
Counter value write/read mode

RC1CC2.RWST bit = 17V Checks counter wait status.

Reading RC1SEC Reads each count register.
Reading RC1MIN
Reading RC1HOUR
Reading RC1WEEK
Reading RC1DAY
Reading RCTMONTH
Setting RC1YEAR

I
RC1CC2.RWAIT bit=0 Sets RC1SEC to RC1YEAR counter operation.

o

Note Be sure to confirm that RWST = 0 before setting STOP mode.

Caution Complete the series of operations for setting RWAIT to 1 to clearing RWAIT to 0 within 1
second.
If RWAIT =1 is set, the operation of RC1SEC to RC1YEAR is stopped. If a carry occurs from
RC1SUBC while RWAIT = 1, one carry can be internally retained. However, if two or more
carries occur, the number of carries cannot be retained.

Remark RC1SEC, RC1MIN, RC1HOUR, RC1WEEK, RC1DAY, RC1MONTH, and RC1YEAR may be read
in any sequence.
All the registers do not have to be set and only some registers may be read.
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10.4.4 Changing INTRTCO interrupt setting during real-time counter operation

If the setting of the INTRTCO interrupt (fixed-cycle interrupt) signal is changed while the real-time counter clock
operates (PC1PWR = 1, RTCE =1), the INTRCTO interrupt waveform may include whiskers and unintended signals may
be output. Set as follows when changing the setting of the INTRTCO interrupt signal during real-time counter operation
(RC1PWR = 1), in order to mask the whiskers.

Figure 10-5. Changing INTRTCO Interrupt Setting During Real-time Counter Operation

C Start )

Setting RTCOMK bit Masks INTRTCO interrupt signal.
Setting&%l&(.)éi%Tz o Changes INTRTCO interrupt signal setting.
Clearing RTCOIF flag Clears interrupt request flag.
Clearing RTCOMK flag Unmasks INTRTCO interrupt signal.

)

Remark See 19.3.4 Interrupt control register (xxICn) for details of the RTCOIF and RTCOMK bits.
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10.4.5 Changing INTRTC1 interrupt setting during real-time counter operation

If the setting of the INTRTC1 interrupt (alarm interrupt) signal is changed while the real-time counter operates
(RC1PWR = 1, RTCE = 1), the INTRCT1 interrupt waveform may include whiskers and unintended signals may be output.
Set as follows when changing the setting of the INTRTC1 interrupt signal during real-time counter operation (PC1PWR = 1,
RTCE = 1), in order to mask the whiskers.

Figure 10-6. Changing INTRTC1 Interrupt Setting During Real-time Counter Operation

C Strrt )

Setting RTC1MK bit Masks interrupt signal (INTRTCH).

RC1CC2.WALE bit =0 Disables alarm interrupt.

Setting RC1ALM Sets alarm minute register.

Setting RC1ALH Sets alarm hour register

Setting RC1ALW Sets alarm day-of-week register
Clearing RTC1IF flag Clears interrupt pending bit.
Clearing RTC1MK flag Unmasks interrupt signal (INTRTC1).
RC1CC2.WALE bit =1 Enables alarm interrupt.

|
Cw

Remark See 19.3.4 Interrupt control register (xxICn) for details of the RTC1IF and RTC1MK bits.
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10.4.6 Initial INTRTC2 interrupt settings
Set as follows to set the INTRTC1 interrupt (interval interrupt).

Figure 10-7. INTRTC2 Interrupt Setting

C Start )

RC1CC0.RC1PWR bit = 1 Enables counter operation.

Setting RC1CC3.ICT2 to

RC1CC3.ICTO bits <1> Selects INTRTC2 (interval) interrupt interval.

RC1CC3.RINTE bit = 1 <2> Enables INTRTC2 (interval) interrupt.

o)

Caution Set <1> and <2> simultaneously or set <1> first. Unintended waveform interrupts may occur

if <2> is set first.
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10.4.7 Changing INTRTC2 interrupt setting during real-time counter operation

If the setting of the INTRTC2 interrupt (interval interrupt) is changed while the real-time counter clock operates
(PC1PWR = 1, RTCE = 1), the INTRCT2 interrupt waveform may include whiskers and unintended signals may be output.
Set as follows when changing the setting of the INTRTC2 interrupt signal during real-time counter operation (PC1PWR = 1,
RTCE = 1), in order to mask the whiskers.

Figure 10-8. Changing INTRTC2 Interrupt Setting During Real-time Counter Operation

C sTm )

Setting RTC2MK bit Masks interrupt signal (INTRTC2).

RC1CC3.RINTE bit = 1 Enables INTRTC2 (interval) interrupt.

Setting RC1CC3.ICT2 to
RC1CC3.ICTO bits

Selects INTRTC2 (interval) interrupt interval.

Clearing RTC2IF flag Clears interrupt pending bit.

Clearing RTC2MK flag Unmasks interrupt signal (INTRTC2).

|
G

Remark See 19.3.4 Interrupt control register (xxICn) for details of the RTC2IF and RTC2MK bits.
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10.4.8 Initializing real-time counter
The procedure for initializing the real-time counter is shown below.

Figure 10-9. Initializing Real-Time Counter

C Start )

Setting RTCnMK bit Masks interrupt signal (INTRTCn)
RC1CC3.CLOE?2 bit = 0 RTCDIV interrupt disable processing
RC1CC1.CLOE1 bit=0 RTC1HZ interrupt disable processing
RC1CC1.CLOEO bit = 0 RTCCL interrupt disable processing

RC1CC0.RC1PWR bit=0 Initializes real-time counter (RTC).

Clearing RTCnlIF flag Clears interrupt request bit.

Clearing RTCnMK flag Unmasks interrupt signal (INTRTCn).

G

Remarks 1. See 19.3.4 Interrupt control register (xxICn) for details of the RTCnlIF and RTCnMK bits.
2. n=0to2
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10.4.9 Watch error correction example of real-time counter

The watch error correction function corrects deviation in the oscillation frequency of a resonator connected to the
V850ES/JC3-L and V850ES/JE3-L.

Deviation, here, refers to steady-state deviation, which is deviation in the frequency when the resonator is designed.

Next, the timing chart when an error has occurred in the input clock intended to be 32.768 kHz but a 32.7681 kHz
resonator has been connected when designing the system, and the RC1SUBC and RC1SEC count operations to correct
the error are shown below.

Figure 10-10. Watch Error Correction Example

Watch count(32.768 kHz)

em | LI L
ceree i) — | m L U
i :
RC1SUBC 0000H 7FFFHX 0000H 7FFFHX0000HX « X7FFFHX0000H 7FFFH} 0000H 7FFFHX

20 secondsNte !

i : i ; i ' i if ‘
RC1SEC 00 X (()g1 X X 1“9 %0 X

Watch count
(32.7681 kHz/no error correction)

RTCCLK
(32.7681 kHz)
RC1SUBC OOOOHX:(:X7FFF?-XOOOOHX: FFFH 000 FFFH 0000 :ﬂ:

19 99994 secondsNote 2

0 — )
; ) V
X 19 X 20 I

i i I .

1 Watch count ‘
(32. 7681 kHz/error correctlon(DEV bit = 0, F6 bit = 0, F5 ﬁo FO bit = 000010))

o ook JWIIJLI‘U‘II MMﬂW

2 count numbers are added. ; 2 count numbers are added.

RC1SUBC OOOOHI 7FFFH 8000H 80 01H 000 FFFH 000 ::X7FFFHXOOOOHX:< x7FFFHX0000HX: FFFH 8000H 8001

: 20 secondsNote 3

4 — {5 }{—5 {5 i :
RC1SEC 00 X 01 X 19 20 Xi
i A g, 0 - ( ( :

Notes 1. The RC1SEC counter counts 20 seconds every 32,768 cycles (0000H to 7FFFH) of the 32.768 kHz
clock.

2. When 32,768 cycles (0000H to 7FFFH) of the 32.7681 kHz clock are input, the time counted by the
RC1SEC counter is calculated as follows: 32,768/3,268.1 = 0.999997 seconds
If this counting continues 20 times, the time is calculated as follows: (32,768/32,768.1) x 20 = 19.99994
seconds, which causes an error of 0.00006 seconds.

3. To precisely count 20 seconds by using a 32.7681 kHz clock, clear the DEV and F6 bits to 0 and set
the F5 to FO bits to 2H (000010B) in the RC1SUBU register. As a result, two additional cycles are
counted every 20 seconds (when the RC1SEC counter count is 00, 20, and 40 seconds), so that the
number of cycles counted at these points is not 32,768, but 32,770 (0000H to 8001H), which is exactly
20 seconds.

RC1SEC 00 X 01 X
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As shown in Figure 10-10, the watch can be accurately counted by incrementing the RC1SUBC count value, if a
positive error faster than 32.768 kHz occurs at the resonator. Similarly, if a negative error slower than 32.768 kHz occurs
at the resonator, the watch can be accurately counted by decrementing the RC1SUBC count value.

The RC1SUBC correction value is determined by using the RC1SUBU.F6 to RC1SUBU.FO bits.

The F6 bit is used to determine whether to increment or decrement RC1SUBC and the F5 to FO bits to determine the
RC1SUBC value.

(1) Incrementing the RC1SUBC count value
The RC1SUBC count value is incremented by the value set using the F5 to FO bits, by setting the F6 bit to 0.

Expression for calculating the increment value: (F5 to FO bit value — 1) x 2

[Example of incrementing the RC1SUBC count value: F6 bit = 0]
If 15H (010101B) is set to the F5 to FO bits
(15H — 1) x 2 = 40 (increments the RC1SUBC count value by 40)
RC1SUBC count value = 32,768 + 40 = 32,808

(2) Decrementing the RC1SUBC count value
The RC1SUBC count value is decremented by an inverted value of the value set using the F5 to FO bits, by setting

the F6 bit to 1.
Expression for calculating the decrement value: (Inverted value of F5 to FO bit value + 1) x 2

[Example of decrementing the RC1SUBC count value: F6 bit = 1]
If 15H (010101B) is set to the F5 to FO bits
Inverted data of 15H (010101B) = 2AH (101010B)
(2AH + 1) x 2 = 86 (decrements the RC1SUBC count value by 86)
RC1SUBC count value = 32,768 — 86 = 32,682
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(3) DEV bit
The DEV bit determines when the setting by the F6 to FO bits is enabled.
The value set by the F6 to FO bits is reflected upon the next timing, but not to the RC1SUBC count value every time.

Table 10-6. DEV Bit Setting

DEV Bit Value Timing of Reflecting Value to RC1SUBC
0 When RC1SEC is 00, 20, or 40 seconds.
1 When RC1SEC is 00 seconds.

[Example when 0010101B is set to F6 to FO bits]
o If the DEV bitis 0
The RC1SUBC count value is 32,808 at 00, 20, or 40 seconds.
Otherwise, it is 32,768.
o IF DEV bitis 1
The RC1SUBC count value is 32,808 at 00 seconds.
Otherwise, it is 32,768.

As described above, the RC1SUBC count value is corrected every 20 seconds or 60 seconds, instead of every
second, in order to match the RC1SUBC count value with the deviation width of the resonator.
The range in which the resonator frequency can be actually corrected is shown below.

o If the DEV bitis 0: 32.76180000 kHz to 32.77420000 kHz
o |fthe DEV bitis 1: 32.76593333 kHz to 32.77006667 kHz

The range in which the frequency can be corrected when the DEV bit is 0 is three times wider than when the DEV
bit is 1.

However, the accuracy of setting the frequency when the DEV bit is 1 is three times that when the DEV bit is 0.
Tables 10-7 and 10-8 show the setting values of the DEV, and F6 to FO0 bits, and the corresponding frequencies that
can be corrected.
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Table 10-7. Range of Frequencies That Can Be Corrected When DEV Bit =0

F6 F5to FO RC1SUBC Correction Value Frequency of Connected Clock
(Including Steady-State Deviation)

0 000000 | No correction

0 000001 No correction

0 000010 | Increments RC1SUBC count value by 2 once every 20 seconds 32.76810000 kHz

0 000011 Increments RC1SUBC count value by 4 once every 20 seconds 32.76820000 kHz

0 000100 | Increments RC1SUBC count value by 6 once every 20 seconds 32.76830000 kHz

0 111011 Increments RC1SUBC count value by 120 once every 20 seconds | 32.77400000 kHz

0 111110 Increments RC1SUBC count value by 122 once every 20 seconds | 32.77410000 kHz

0 111111 Increments RC1SUBC count value by 124 once every 20 seconds | 32.77420000 kHz (upper limit)

1 000000 | No correction

1 000001 No correction

1 000010 | Decrements RC1SUBC count value by 124 once every 20 seconds | 32.76180000 kHz (lower limit)

1 000011 Decrements RC1SUBC count value by 122 once every 20 seconds | 32.76190000 kHz

1 000100 | Decrements RC1SUBC count value by 120 once every 20 seconds | 32.76200000 kHz

1 11011 Decrements RC1SUBC count value by 6 once every 20 seconds 32.76770000 kHz

1 11110 Decrements RC1SUBC count value by 4 once every 20 seconds 32.76780000 kHz

1 11111 Decrements RC1SUBC count value by 2 once every 20 seconds 32.76790000 kHz

Table 10-8. Range of Frequencies That Can Be Corrected When DEV Bit = 1
F6 F5to FO RC1SUBC Correction Value Frequency of Connected Clock
(Including Steady-State Deviation)

0 000000 | No correction

0 000001 No correction

0 000010 | Increments RC1SUBC count value by 2 once every 60 seconds 32.76803333 kHz

0 000011 Increments RC1SUBC count value by 4 once every 60 seconds 32.76806667 kHz

0 000100 | Increments RC1SUBC count value by 6 once every 60 seconds 32.76810000 kHz

0 111011 Increments RC1SUBC count value by 120 once every 60 seconds | 32.77000000 kHz

0 111110 Increments RC1SUBC count value by 122 once every 60 seconds | 32.77003333 kHz

0 111111 Increments RC1SUBC count value by 124 once every 60 seconds | 32.77006667 kHz (upper limit)

1 000000 | No correction

1 000001 No correction

1 000010 | Decrements RC1SUBC count value by 124 once every 60 seconds | 32.76593333 kHz (lower limit)

1 000011 Decrements RC1SUBC count value by 122 once every 60 seconds | 32.76596667 kHz

1 000100 | Decrements RC1SUBC count value by 120 once every 60 seconds | 32.76600000 kHz

1 11011 Decrements RC1SUBC count value by 6 once every 60 seconds 32.76790000 kHz

1 11110 Decrements RC1SUBC count value by 4 once every 60 seconds 32.76793333 kHz

1 11111 Decrements RC1SUBC count value by 2 once every 60 seconds 32.76796667 kHz
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CHAPTER 11 WATCHDOG TIMER 2

11.1 Functions

Watchdog timer 2 is the default-start watchdog timer and starts up automatically immediately after a reset ends.
Watchdog timer 2 starts up in reset mode and with the overflow time set to internal oscillator clock = 2'%/fr. When
watchdog timer 2 overflows, it generates the WDT2RES signal to trigger a reset.

Watchdog timer 2 has the following features:

e ltis the default-start watchdog timer"**".

o It triggers the following operations when it overflows:
— Reset mode: Watchdog timer 2 triggers a reset when it overflows (by generating the WDT2RES signal).
— Non-maskable interrupt request mode: Watchdog timer 2 triggers NMI servicing when it overflows (by generating
the INTWDT?2 signal)"*°*.
o Either the main clock, internal oscillator clock, or subclock can be input as the source clock.

Notes 1. Watchdog timer 2 automatically starts in the reset mode following reset release.
When not using watchdog timer 2, either stop it operating before it triggers a reset, or clear it once and
stop it before the next overflow.
Also, write to the WDTM2 register for verification purposes only once, even if the default settings (reset
mode, loop detection time interval: 2'*/fr) do not need to be changed.
2. For details of the non-maskable interrupt servicing that occurs due to the generation of the non-maskable
interrupt request signal (INTWDT2), see 19.2.2 (2) From INTWDT2 signal.
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11.2 Configuration

Watchdog timer 2 includes the following hardware.

Table 11-1. Configuration of Watchdog Timer 2

ltem

Configuration

Control registers Watchdog timer mode register 2 (WDTM2)

Watchdog timer enable register (WDTE)

The following shows the block diagram of watchdog timer 2.

Figure 11-1. Block Diagram of Watchdog Timer 2

9 -
bor/2 Clock

fxr —] input
controller

fr/23 ——»|

2

Watchdog timer enable
register (WDTE)

0 |WDM21| WDM20|WDC$24WDCS23WDCS22] WDCS21)WDCS20)

Watchdog timer mode
register 2 (WDTM2)

2 Internal bus 2
Remark fxx: Main clock frequency
fxT: Subclock frequency
fR: Internal oscillator clock frequency

INTWDT2: Non-maskable interrupt request signal from watchdog timer 2
WDTRES2: Watchdog timer 2 reset signal

fxx/28 to fxx/2%,
x1/2° to fx1/218,
/272 to fr/21® INTWDT2
16-bit Selector Output
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11.3 Registers

(1) Watchdog timer mode register 2 (WDTM2)
The WDTM2 register sets the overflow time and operation clock of watchdog timer 2.
This register can be read or written in 8-bit units. This register can be read any number of times, but it can be
written only once following reset release.
Reset sets this register to 67H.

Caution Accessing the WDTM2 register is prohibited in the following statuses. Moreover, if the system is
in the wait status, the only way to cancel the wait status is to execute a reset. For details, see
3.4.9 (1) Accessing specific on-chip peripheral I/O registers.
¢ When the CPU operates on the subclock and main clock oscillation is stopped
 When the CPU operates on the internal oscillator clock

After reset: 67H R/W Address: FFFFF6DOH

7 6 5 4 3 2 1 0
woTM2 | 0 | wbm21 | wDM20 |wDcs24| wpcses| wocsee | woeszi | woeszo |
WDM21 | WDM20 Selection of operation mode of watchdog timer 2
0 0 Stops operation
0 1 Non-maskable interrupt request mode

(generation of INTWDT?2 signal)

1 - Reset mode (generation of WDT2RES signal)

Cautions 1. For details of the WDCS20 to WDCS24 bits, see Table 11-2 Loop Detection Time Interval
of Watchdog Timer 2.

2. If the WDTM2 register is rewritten twice after a reset, an overflow signal is forcibly
generated and the counter is reset.

3. To intentionally generate an overflow signal, write data to the WDTM2 register twice, or
write a value other than “ACH” to the WDTE register once.

However, when watchdog timer 2 is set to “stop operation”, an overflow signal is not
generated even if data is written to the WDTM2 register twice, or a value other than “ACH”
is written to the WDTE register once.

4. To stop the operation of watchdog timer 2, set the RCM.RSTOP bit to 1 (to stop the
internal oscillator) and write 00H in the WDTM2 register. If the RCM.RSTOP bit cannot be
set to 1, set the WDCS23 bit to 1 (2"/fxx is selected and the clock can be stopped in the
IDLE1, IDLE2, sub-IDLE, and subclock operation modes).
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Table 11-2. Loop Detection Time Interval of Watchdog Timer 2

WDCS24 | WDCS23 | WDCS22 |WDCS21 | WDCS20 | Selected Clock | 100 kHz (MIN.) | 220 kHz (TYP.) |400 kHz (MAX.)
0 0 0 0 0 2%/fr 41.0 ms 18.6 ms 10.2 ms
% 0 0 0 0 1 2"/r 81.9 ms 37.2ms 20.5 ms
% 0 0 0 1 0 2"/fr 163.8 ms 74.5ms 41.0 ms
E 0 0 0 1 1 2%/fr 327.7 ms 148.9 ms 81.9ms
(_8) 0 0 1 0 0 2%/r 655.4 ms 297.9 ms 163.8 ms
g 0 0 1 0 1 2"/fr 1310.7 ms 595.8 ms 327.7 ms
E 0 0 1 1 0 2"/fr 2621.4 ms 1191.6 ms 655.4 ms
0 0 1 1 1 2"/fr 5242.9 ms 2383.1 ms 1310.7 ms
fxx = 20 MHz fxx = 16 MHz fxx =10 MHz
0 1 0 0 0 2"/fxx 13.1 ms 16.4 ms 26.2 ms
0 1 0 0 1 2"/ 26.2ms 32.8ms 52.4 ms
T:;) 0 1 0 1 0 2%/fxx 52.4 ms 65.5 ms 104.9 ms
; 0 1 0 1 1 2% ffxx 104.9 ms 131.1 ms 209.7 ms
g 0 1 1 0 0 2%/fxx 209.7 ms 262.1 ms 419.4 ms
0 1 1 0 1 2%/fxx 419.4 ms 524.3 ms 838.9 ms
0 1 1 1 0 2% fxx 838.9 ms 1048.6 ms 1677.7 ms
0 1 1 1 1 2%/fxx 1677.7 ms 2097.2 ms 3355.4 ms
fxt = 32.768 kHz
1 x 0 0 0 2°/fxt 15.625 ms
1 x 0 0 1 2"/fxr 31.25ms
X 1 x 0 1 0 2" fixr 62.5 ms
§ 1 X 0 1 1 2%/fxr 125 ms
@ 1 X 1 0 0 2% ffxt 250 ms
1 x 1 0 1 2"/fxt 500 ms
1 X 1 1 0 2%/fxr 1000 ms
1 x 1 1 1 2" ffxr 2000 ms
Remark x = Either 0 or 1
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(2) Watchdog timer enable register (WDTE)
The counter of watchdog timer 2 is cleared and counting is restarted by writing “ACH” to the WDTE register.
The WDTE register can be read or written in 8-bit units. (When a 1-bit memory manipulation instruction is executed
on the WDTE register, an overflow signal is forcibly generated.)
Reset sets this register to 9AH.

After reset: 9AH R/W Address: FFFFF6D1H

wore | 0 [ [

Cautions 1. When a value other than “ACH” is written to the WDTE register, an overflow signal is

forcibly output.

2. To intentionally generate an overflow signal, write a value other than “ACH” to the WDTE
register once, or write data to the WDTM2 register twice.
However, when watchdog timer 2 is set to “stop operation”, an overflow signal is not
generated even if a value other than “ACH” is written to the WDTE register once, or data is
written to the WDTM2 register twice.

3. The read value of the WDTE register is “9AH” (which differs from the written value “ACH”).

11.4 Operation

Watchdog timer 2 automatically starts in the reset mode immediately after a reset.

The WDTM2 register can be written to only once immediately after a reset using byte access. To use watchdog timer 2,
write the operation mode setting and the loop detection time interval to the WDTM2 register using an 8-bit memory
manipulation instruction. After this, the operation of watchdog timer 2 cannot be stopped.

The WDCS24 to WDCS20 bits of the WDTM2 register are used to select the watchdog timer 2 loop detection time
interval.

Writing ACH to the WDTE register clears the counter of watchdog timer 2 and starts the count operation again. After
the count operation has started, write ACH to WDTE within the loop detection time interval.

If the loop detection time interval expires without ACH being written to the WDTE register, a reset signal (WDT2RES) or
a non-maskable interrupt request signal (INTWDT2) is generated, depending on the values of the WDTM2.WDM21 and
WDTM2.WDM20 bits.

When the WDTM2.WDM21 bit is set to 1 (reset mode), if watchdog timer 2 overflows during oscillation stabilization
immediately after a reset ends or after a standby is released, no internal reset will occur and the CPU clock will switch to
the internal oscillator clock.

To not use watchdog timer 2, write 00H to the WDTM2 register.

For details of the non-maskable interrupt servicing that occurs when the non-maskable interrupt request mode is set,
see 19.2.2 (2) From INTWDT2 signal.
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CHAPTER 12 REAL-TIME OUTPUT FUNCTION (RTO)

12.1 Function

The real-time output function transfers preset data to the real-time output buffer registers (RTBLO and RTBHO0), and
then transfers this data by hardware to an external device via the output latches, upon occurrence of a timer interrupt. The
pins through which the data is output to an external device constitute a port called the real-time output function (RTO).

Because RTO can output signals without jitter, it is suitable for controlling a stepper motor.

In the VB50ES/JC3-L and V850ES/JES3-L, one 6-bit real-time output port channel is provided.

The real-time output port can be set to the port mode or real-time output port mode in 1-bit units.
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12.2 Configuration

RTO includes the following hardware.

Table 12-1. Configuration of RTO

ltem Configuration

Registers Real-time output buffer registers OL, OH (RTBLO, RTBHO)
Real-time output latches OH, OL

Real-time output port mode register 0 (RTPMO)
Real-time output port control register 0 (RTPCO)

The block diagram of RTO is shown below.

Figure 12-1. Block Diagram of RTO
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(1) Real-time output buffer registers OL, OH (RTBLO, RTBHO0)
The RTBLO and RTBHO registers are 4-bit registers that hold preset output data.
These registers are mapped to different addresses in the peripheral I/O register area.
These registers can be read or written in 8-bit or 1-bit units.
Reset sets these registers to 00H.
If an operation mode of 4 bits x 1 channel or 2 bits x 1 channel is specified (RTPC0.BYTEO bit = 0), data can be
individually set to the RTBLO and RTBHO registers. The data of both these registers can be read at once by
specifying the address of either of these registers.
If an operation mode of 6 bits x 1 channel is specified (BYTEO bit = 1), 8-bit data can be set to both the RTBLO and
RTBHO registers by writing the data to either of these registers. Moreover, the data of both these registers can be
read at once by specifying the address of either of these registers.
Table 12-2 shows the operation when the RTBLO and RTBHO registers are manipulated.

Afterreset: 00H RM  Address: RTBLO FFFFF6EOH, RTBHO FFFFF6E2H
.............. . S 3 2 1
RTBLO RTBLO3 | RTBLO2 | RTBLO1 | RTBLOO |
RTBHO | 0 | RTBHo5| RTBHO4 '
Cautions 1. When writing to bits 6 and 7 of the RTBHO register, always set 0.

2.

If the RTBLO and RTBHO registers are accessed in the following statuses, a
wait will occur. Once the system enters the wait status, the only way to cancel

the wait status is to execute a reset. For details, see 3.4.9 (1) Accessing

special on-chip peripheral I/O registers.

o When the CPU operates with the subclock and the main clock oscillation is

stopped

e When the CPU operates with the internal oscillator clock

Table 12-2. Operation During Manipulation of RTBL0 and RTBHO Registers

Operation Mode Register to Be Read Write"*
Manipulated Higher 4 Bits Lower 4 Bits Higher 4 Bits Lower 4 Bits
4 bits x 1 channel, RTBLO RTBHO RTBLO Invalid RTBLO
2 bits x 1 channel RTBHO RTBHO RTBLO RTBHO Invalid
6 bits x 1 channel RTBLO RTBHO RTBLO RTBHO RTBLO
RTBHO RTBHO RTBLO RTBHO RTBLO

Note After setting the real-time output port, output data must be set to the RTBLO and RTBHO registers before a real-

time output trigger is generated.
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12.3 Registers
RTO is controlled using the following two registers.

¢ Real-time output port mode register 0 (RTPMO)
¢ Real-time output port control register 0 (RTPCO)

Caution In order to use the real-time output pins (RTP00 to RTPO05), set these pins as real-time output port
pins using the PMC and PFC registers.

(1) Real-time output port mode register 0 (RTPMO)
The RTPMO register enables the selection of real-time output port mode or port mode in 1-bit units.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF6E4H

6 5 4 3 2 1 0
RTPMO | o0 | o0 |RTPMos|RTPMo4 | RTPM03 | RTPMO2 | RTPMOT | RTPMOO |
RTPMOm Control of real-time output port (m = 0 to 5)
0 Real-time output disabled
1 Real-time output enabled

Cautions 1. By enabling the real-time output operation (RTPC0.RTPOEO bit = 1), the bits
enabled to real-time output among the RTP00 to RTP05 signals perform real-
time output, and the bits set to port mode output 0.
2. If real-time output is disabled (RTPOEO bit = 0), the real-time output pins
(RTPOO to RTPO5) all output 0, regardless of the RTPMO register setting.
3. When writing to bits 6 and 7 of the RTPMO register, always set 0.
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(2) Real-time output port control register 0 (RTPCO0)
The RTPCO register is a register that sets the operation mode and output trigger of the real-time output port.
The relationship between the operation mode and output trigger of the real-time output port is as shown in Table

12-3.

This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF6E5H

<7> 6 5 4 3 2

RTPCO | RTPOEO| RTPEGO| BYTEO | EXTRO | 0

RTPOEO

Control of real-time output operation

0 Disables operationNote !

1 Enables operation

RTPEGO

Valid edge of INTTPOCCO signal

0 Falling edgeN°te2

1 Rising edge

BYTEO Specification of channel configuration for real-time output
0 4 bits x 1 channel, 2 bits x 1 channel
1 6 bits x 1 channel

Notes 1.

When real-time output operation is disabled (RTPOEQO bit = 0), all the bits of the real-

time output pins (RTPOO0 to RTPO05) output “0”.

With this setting, the transfer of data between the buffer and the latch will be delayed

by one clock cycle.

Caution Set the RTPEGO, BYTEO, and EXTRO bits only when RTPOEO bit = 0.

Table 12-3. Operation Modes and Output Triggers of Real-Time Output Port

BYTEO | EXTRO Operation Mode RTBHO (RTP04, RTPO5) RTBLO (RTPOO to RTP03)
0 0 4 bits x 1 channel, INTTP5CCO INTTP4CCO
1 2 bits x 1 channel INTTP4CCO INTTPOCCO
1 0 6 bits x 1 channel INTTP4CCO
1 INTTPOCCO
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12.4 Operation

If the real-time output operation is enabled by setting the RTPC0.RTPOEDO bit to 1, the data of the RTBHO and RTBLO
registers is transferred to the real-time output latch in synchronization with the generation of the selected transfer trigger
(set by the RTPC0.EXTRO and RTPCO.BYTEQO bits). Of the transferred data, only the data of the bits for which real-time
output is enabled by the RTPMO register is output from the RTP0O to RTPO5 bits. The bits for which real-time output is
disabled by the RTPMO register output 0.

If the real-time output operation is disabled by clearing the RTPOEO bit to 0, the RTP0O0 to RTP05 pins output 0O
regardless of the setting of the RTPMO register.

Figure 12-2. Example of Operation Timing of RTO0 (When EXTRO Bit = 0, BYTEO Bit = 0)

INTTP5CCO (internal) Cﬂ |_| |_| |_|
INTTP4CCO (internal) - <ﬂ |_| |_| |_|
cPuoperaton ([ A] [ 8] [ Ad 8] [A] [ed [AL [se]
\ NI N\ NI

| \
RTBHO D01CE> X' b \\ X! D03 \\ X D04 \\ &

RTBLO D1 CD X ' on Y 7 o ' ou X:
; i
RT output latch 0 (H) DooN°‘eX DO1 ! X D02 X D03 X D04
RT output latch 0 (L) D1QNete X D11 X D12 X D13 X D14

Note If the RTBHO and RTBLO registers are written when the RTPOEQO bit is 0, the written value is
transferred to real-time output latches OH and OL, respectively.

A: Software processing by INTTP5CCO interrupt request (RTBHO write)
B: Software processing by INTTP4CCO interrupt request (RTBLO write)

Remark For the operation during standby, see CHAPTER 23 STANDBY FUNCTION.
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12.5 Usage

1)

@)

@)

(4)

®)

Disable real-time output.
Clear the RTPC0.RTPOEO bit to 0.

Perform initialization as follows.
o Set the alternate-function pins of port 5
Set the PFC5.PFC5m bit and PFCE5.PFCE5m bit to 1, and then set the PMC5.PMC5m bitto 1 (m = 0 to 5).
o Specify the real-time output port mode or port mode in 1-bit units.
Set the RTPMO register.
¢ Channel configuration: Select the trigger and valid edge.
Set the RTPC0.EXTRO, RTPC0.BYTEOQ, and RTPCO.RTPEGO bits.
e Set the initial values to the RTBHO and RTBLO registers™*".

Enable real-time output.
Set the RTPOEO bit = 1.

Set the next output value to the RTBHO and RTBLO registers by the time the selected transfer trigger is
generated"*?,

Set the next real-time output value to the RTBHO and RTBLO registers via interrupt servicing corresponding to the
selected trigger.

Notes 1. If the RTBHO and RTBLO registers are written when the RTPOEOQO bit is 0, the written value is
transferred to real-time output latches OH and OL, respectively.
2. Even if the RTBHO and RTBLO registers are written when the RTPOEO bit = 1, data is not transferred to
real-time output latches OH and OL.

Caution To apply the above settings to the real-time output pins (RTP00 to RTP05), set the real-time
output pins by using the PMC5 and PFC5 registers.

12.6 Cautions

(1)

)

@)

Prevent the following conflicts by using software, such as by writing to the RTBLO, RTBHO, and RTPCO registers
inside the interrupt servicing routine of the selected real-time output trigger.

o Conflict between real-time output disable/enable switching (RTPOEDO bit) and selected real-time output trigger.
e Conflict between writing to the RTBHO and RTBLO registers in the real-time output enabled status and the
selected real-time output trigger.

Before performing initialization, disable real-time output (RTPOEO bit = 0).

Once real-time output has been disabled (RTPOEO bit = 0), be sure to initialize the RTBHO and RTBLO registers
before enabling real-time output again (RTPOEO bit =0 — 1).
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13.1

CHAPTER 13 A/D CONVERTER

Overview

The A/D converter of the VB50ES/JC3-L and V850ES/JE3-L have a resolution of 10 bits and converts an input analog
signal into a digital value.
The number of A/D converter in the V850ES/JC3-L and VB50ES/JE3-L are shown below.

Product Name V850ESJC3-L (40-pin) V850ES/JC3-L (48-pin) V850ES/JE3-L
Number of ANI channels (m) 5 channels (m = 5) 6 channels (m = 6) 10 channels (m =10)
Number of mounted (n) ANIO to ANI4 (n=0to 4) ANIO to ANI5 (n=0to 5) ANIO to ANI9 (n=0109)

In this chapter, the number of ANI channels is expressed as m and the number of ANI pins (analog input function pins)

is expressed as n.

The A/D converter has the following features.

O O0OO0OO0O0

O

13.2

10-bit resolution

Successive approximation method
Operating voltage: AVrero = 2.7 to 3.6 V
Analog input voltage: 0 V to AVRero

The following functions are provided as operation modes.

o Continuous select mode

e Continuous scan mode

¢ One-shot select mode

e One-shot scan mode

The following functions are provided as trigger modes.
e Software trigger mode

o External trigger mode (external, 1)
o Timer trigger mode

Conversion time

2.6t024 ys@3.0V <AVRero < 3.6 V
3.9t024 ys@2.7V < AVrero < 3.0V

Power-fail monitor function (conversion result compare function)

Functions

(1) 10-bit resolution A/D conversion

A/D conversion is repeated at a resolution of 10 bits for an analog signal that is input to a channel selected from

ANIn. Each time A/D conversion is completed, an interrupt request signal (INTAD) is generated.

(2) Power-fail detection
This function is used to detect a drop in the battery voltage. The result of A/D conversion (the value of the
ADAOCRNH register) is compared with the value of the ADAOPFT register, and the INTAD signal is generated only
when the comparison condition specified by the ADAOPFM register is satisfied.
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13.3 Configuration

The A/D converter includes the following hardware.

Table 13-1. Configuration of A/D Converter

ltem Configuration
Analog inputs m channels (ANIn pins)
Registers Successive approximation register (SAR)

A/D conversion result registers n (ADAOCRn)

A/D conversion result registers nH (ADCRnH): Only higher 8 bits can be read
A/D converter mode registers 0 to 2 (ADAOMO to ADAOM2)

A/D converter channel specification register 0 (ADAOS)

Power fail compare mode register (ADAOPFM)

Power fail compare threshold value register (ADAOPFT)

The block diagram of the A/D converter is shown below.

Figure 13-1. Block Diagram of A/D Converter
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ANIn pins

These are analog input pins for the m A/D converter channels and are used to input analog signals to be converted
into digital signals. Pins other than the ones selected as analog input pins by the ADAOS register can be used as
1/0O port pins.

Caution Make sure that the voltages input to the ANIn pins do not exceed the rated values. In particular if
a voltage of AVgero or higher is input to a channel, the conversion value of that channel becomes
undefined, and the conversion values of the other channels may also be affected.

Sample & hold circuit

The sample & hold circuit samples each of the analog input signals selected by the input circuit and sends the
sampled data to the voltage comparator. This circuit also holds the sampled analog input signal voltage during A/D
conversion.

Compare voltage generation DAC
The compare voltage generation DAC is connected between AVrero and AVss and generates the voltage to be
compared with the value that was sampled and held by the sample & hold circuit.

Voltage comparator
The voltage comparator compares the voltage value that was sampled and held with the output voltage of the
compare voltage generation DAC.

Successive approximation register (SAR)

This register compares the voltage of the sampled analog input signal with the output voltage of the compare
voltage generation DAC (compare voltage), and sequentially retains the comparison result bit by bit starting from
the most significant bit (MSB).

When the comparison result has been held down to the least significant bit (LSB) (that is, when A/D conversion is
complete), the contents of the SAR register are transferred to the ADAOCRN register.

10-bit AD conversion result register n (ADAOCRN)

The ADAOCRN register is a 16-bit register that stores the A/D conversion result. ADAOARN consist of m registers
and the A/D conversion result is stored in the 10 higher bits of the ADOCRn register corresponding to analog input.
(The lower 6 bits are fixed to 0.)

A/D conversion result register nH (ADAOCRnH)
This is a 8-bit register that stores the A/D conversion result. ADAOCRNH consists of m registers and the A/D
conversion result is stored in the higher 8 bits of the ADAOCRNH register corresponding to the analog input signal.

A/D converter mode register 0 (ADAOMO)
This register specifies the operation mode and controls conversion by the A/D converter.

A/D converter mode register 1 (ADAOM1)
This register specifies the time required to convert an analog input signal to a digital signal.
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(10) A/D converter mode register 2 (ADAOM2)
This register specifies the hardware trigger mode.

(11) A/D converter channel specification register (ADAOS)
This register specifies the pin to which the analog voltage to be converted is input.

(12) Power-fail compare mode register (ADAOPFM)
This register controls power-fail monitoring.

(13) Power-fail compare threshold value register (ADAOPFT)
The ADAOPFT register sets the threshold value that is compared with the value of A/D conversion result register
nH (ADAOCRnH). The 8-bit data set to the ADAOPFT register is compared with the higher 8 bits of the A/D
conversion result register (ADAOCRNH).

(14) Controller
The controller compares the result of A/D conversion (the value of the ADAOCRNH register) with the value of the
ADAOPFT register when A/D conversion is completed or when the power-fail detection function is used, and
generates the INTAD signal only when the specified comparison condition is satisfied.

(15) AVrero pin
This is the pin used to input the reference voltage of the A/D converter. Always make the potential of this pin the
same as that of the Vop pin even when the A/D converter is not used. The signals input to the ANIn pins are
converted to digital signals based on the voltage applied between the AVRero and AVss pins.

(16) AVss pin
This is the ground pin of the A/D converter. Always make the potential of this pin the same as that of the Vss pin
even when the A/D converter is not used.
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13.4 Registers

The A/D converter is controlled by the following registers.

e A/D converter mode registers 0, 1, 2 (ADAOMO, ADAOM1, ADAOM2)
¢ A/D converter channel specification register 0 (ADAOS)
e Power-fail compare mode register (ADAOPFM)

The following registers are also used.

e A/D conversion result register n (ADAOCRN)
e A/D conversion result register nH (ADAOCRnH)

o Power-fail compare threshold value register (ADAOPFT)

(1) A/D converter mode register 0 (ADAOMO)
The ADAOMO register is an 8-bit register that specifies the operation mode and controls conversion.
This register can be read or written in 8-bit or 1-bit units. However, the ADAOEF bit is read-only.

Reset sets this register to 00H.

Caution Accessing the ADAOMO register is prohibited in the following statuses. If a wait cycle is
generated, it can be cleared only by a reset. For details, see 4.4.9 (1) Accessing special on-chip
peripheral I/O registers.
¢ When the CPU operates on the subclock and main clock oscillation is stopped

e When the CPU operates on the internal oscillator clock

(1/2)
After reset: 00H R/W Address: FFFFF200H
<7> 6 5 4 3 2 1 <0>
ADAOMO | ADAOCE| 0 | ADAOMD1| ADAOMDO | ADAOETS1|ADAOETSO| ADAOTMD | ADACEF |
ADAOCE A/D conversion control
0 Stops A/D conversion
1 Enables A/D conversion
ADAOMD1/ADAOMDO Specification of A/D converter operation mode
0 0 Continuous select mode
0 1 Continuous scan mode
1 0 One-shot select mode
1 1 One-shot scan mode
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(2/2)
ADAOETS1ADAOETS0| Specification of external trigger (ADTRG pin) input valid edge
0 0 No edge detection
0 1 Falling edge detection
1 0 Rising edge detection
1 1 Detection of both rising and falling edges
ADAOTMD Trigger mode selection
0 Software trigger mode
1 External trigger mode/timer trigger mode
ADAOQEF A/D converter status display
0 A/D conversion stopped
1 A/D conversion in progress

Cautions 1. A write operation to bit 0 is ignored.

2. Changing the ADAOM1.ADAOFR2 to ADAOM1.ADAOFRO bits is prohibited while A/D
conversion is enabled (ADAOCE bit = 1).

3. In the following modes, write data to the ADAOMO, ADAOM2, ADAOS, ADAOPFM, or ADAOPFT
registers while A/D conversion is stopped (ADAOCE bit = 0), and then enable A/D
conversion (ADAOCE bit = 1).

o Normal conversion mode
e One-shot select mode/one-shot scan mode in high-speed conversion mode
If the ADAOMO, ADAOM2, ADAOS, ADAOPFM, and ADAOPFT registers are written in other
modes during A/D conversion (ADAOEF bit = 1), the following will be performed, according
to the mode.
¢ In software trigger mode
A/D conversion is stopped and started again from the beginning.
¢ In hardware trigger mode
A/D conversion is stopped, and the trigger standby status is set.

4. To select the external trigger mode/timer trigger mode (ADAOTMD bit = 1), set the high-
speed conversion mode (ADAOM1.ADAOHS1 bit = 1). Do not input a trigger during the
stabilization time that is inserted once after A/D conversion is enabled (ADAOCE bit = 1).

5. When not using the A/D converter, stop A/D conversion by setting the ADAOCE bit to 0 to
reduce power consumption.
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(2) A/D converter mode register 1 (ADAOM1)
The ADAOM1 register is an 8-bit register that specifies the conversion time.
This register can be read or written in 8-bit or 1-bit units.

Reset sets this register to 00H.

After reset: 00H

7

R/W Address: FFFFF201H

6 5 4 3 2 1 0

ADAOM1  |ADAOHS

o | o | o | o |ADAOFR2|ADAOFR1|ADAOFRO)|

ADAOHSH1

Normal conversion mode/high-speed mode (A/D conversion time) selection

0

Normal conversion mode

1

High-speed conversion mode

Cautions 1. Changing the

ADAOM1 register is prohibited while A/D conversion

(ADAOMO.ADAOCE bit = 1).
2. When selecting the external trigger mode/timer trigger mode (ADAOMO.ADAOTMD bit = 1),
set the high-speed conversion mode (ADAOHS1 bit = 1). Do not input a trigger during the
stabilization time that is inserted once after A/D conversion is enabled (ADAOCE bit = 1).
3. Be sure to clear bits 6 to 3 to “0”.

Remark For A/D conversion time setting examples, see Tables 13-2 and 13-3.

is enabled
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Examples of the conversion time for each clock are shown below.

Table 13-2. Conversion Time Selection in Normal Conversion Mode (ADAOHS1 Bit = 0)

ADAO | ADAO | ADAO A/D Conversion Time
FR2 | FR1 | FRO Stabilization Time fioc=20 MHz | fxx = 16 MHz | fx = 12 MHz | fx = 10 MHz | fxx = 4 MHz | Trigger
+ Conversion Time + Wait Time Response
Time
0 0 0 | 66/fxx (13/fxx + 26/fxx + 27/fxx) Setting Setting Setting 6.6 us™° |16.5 us | 3/fxx
prohibited | prohibited | prohibited

0 0 1 131/fxx (26/fxx + 52/fxx + 53/fxx) 6.55 15" [ 8.19 15" | 10.92 us [ 13.1 s Setting 3/fxx
prohibited

0 1 0 196/fxx (39/fxx + 78/fxx + 79/fxx) 9.8 us 1225 us [16.33 us | 19.6 us Setting 3/fxx
prohibited

0 1 1 259/fxx (50/fxx + 104/fxx + 105/fxx) 1295 us |16.19 us | 21.58 us | Setting Setting 3/fxx
prohibited | prohibited

1 0 0 311/fxx (50/fxx + 130/fxx + 131/fxx) 15.55 us | 19.44 us | Setting Setting Setting 3/fxx
prohibited | prohibited | prohibited

1 0 1 363/fxx (50/fxx + 156/fxx + 157/fxx) 18.15 us |22.69 us | Setting Setting Setting 3/fxx
prohibited | prohibited | prohibited

1 1 0 415/fxx (50/fxx + 182/fxx + 183/fxx) | 20.75 us | Setting Setting Setting Setting 3/fxx
prohibited | prohibited | prohibited | prohibited

1 1 1 467/fxx (50/fxx + 208/fxx + 209/fxx) | 23.35 us | Setting Setting Setting Setting 3/fxx
prohibited | prohibited | prohibited | prohibited

Other than above Setting prohibited

Note Setting prohibited when 2.7 V < AVRero < 3.0 V

Remarks 1. Stabilization time: A/D converter setup time (1 us or longer)
Conversion time: Actual A/D conversion time (2.6 to 10.4 us)
Wait time: Wait time inserted before the next conversion

Trigger response time: If a software trigger is generated after the stabilization time, it is inserted before the
conversion time.

2. For details about the operation timing, see 13.5.2 Conversion operation timing.

In the normal conversion mode, conversion is started after the stabilization time has elapsed after the
ADAOMO.ADAOCE bit is set to 1, and A/D conversion is performed only during the specified conversion time
(2.6 to 10.4 us). Conversion stops after the conversion ends and the A/D conversion end interrupt request
signal (INTAD) is generated after the wait time has elapsed.

Because conversion is stopped during the wait time, the operating current can be reduced.

Cautions 1. Set as 2.6 us < conversion time < 10.4 ys when 3.0V < AVRero < 3.6 V.
Set as 3.9 us < conversion time < 10.4 us when 2.7V < AVRreFo < 3.0 V.

2. During A/D conversion, if the ADAOMO, ADAOM2, ADAOS, ADAOPFM, and ADAOPFT
registers are written or a trigger is input, reconversion is carried out. However, if the
stabilization time end timing conflicts with writing to these registers, or if the
stabilization time end timing conflicts with the trigger input, the stabilization time of 64
clocks is reinserted.

If a conflict occurs again with the reinserted stabilization time end timing, the
stabilization time is reinserted. Therefore do not set the trigger input interval and
control register write interval to 64 clocks or lower.
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Table 13-3. Conversion Time Selection in High-Speed Conversion Mode (ADAOHS1 Bit = 1)

ADAO | ADAO | ADAO A/D Conversion Time
FR2 | FR1 | FRO Conversion Time fix =20 MHz | fix=16 MHz | fix=12MHz | fix=10MHz | fx=4 MHz | Trigger
(+ Stabilization Time) Response
Time

0 0 | 26/fxx (+ 13/fxx) Setting Setting Setting 2.6 s 6.5 us 3/fxx
prohibited | prohibited | prohibited |(+ 1.3 #s) | (+ 3.25 us)

0 1 52/fxx (+ 26/fxx) 2.6 us"* 3.25 us™* | 4.333 us 5.2 us Setting 3/fxx
(+1.3 us) (+1.625 us) | (+2.167 us) | (+ 2.6 us) | prohibited

0 0 78/fxx (+ 39/fxx) 3.9 us 4.875 us 6.5 us 7.8 us Setting 3/fxx
(+1.95 us) |(+2438us) |(+3.25us) |(+3.9 us) |prohibited

0 1 104/fxx (+ 50/fxx) 5.2 us 6.5 us 8.667 us 10.4 us Setting 3/fxx
(+2.5 us) (+3125 us) | (+4.167 us) | (+ 5 us) prohibited

1 0 130/fxx (+ 50/fxx) 6.5 us 8.125 us Setting Setting Setting 3/fxx
(+2.5 us) (+3.125 us) | prohibited | prohibited | prohibited

1 1 156/fxx (+ 50/fxx) 7.8 us 9.75 us Setting Setting Setting 3/fxx
(+2.5 us) (+3.125 us) | prohibited | prohibited | prohibited

1 0 182/fxx (+ 50/fxx) 9.1 us Setting Setting Setting Setting 3/fxx
(+2.5 us) prohibited | prohibited | prohibited | prohibited

1 1 208/fxx (+ 50/fxx) 10.4 us Setting Setting Setting Setting 3/fxx
(+2.5 us) prohibited | prohibited | prohibited | prohibited

Other than above Setting prohibited

Note Setting prohibited when 2.7 V < AVRero < 3.0 V

Remarks 1. Conversion time: Actual A/D conversion time (2.6 to 10.4 us)
Stabilization time: A/D converter setup time (1 us or longer)
Trigger response time: If a software trigger, external trigger, or timer trigger is generated after the
stabilization time, it is inserted before the conversion time.
2. For details about the operation timing, see 13.5.2 Conversion operation timing.
In the high-speed conversion mode, conversion is started after the stabilization time has elapsed after the
ADAOMO.ADAOCE bit is set to 1, and A/D conversion is performed only during the specified conversion time
(2.6 to 10.4 us). The A/D conversion end interrupt request signal (INTAD) is generated immediately after
conversion ends.
In continuous conversion mode, the stabilization time is inserted only before the first conversion, and is not
inserted after the second conversion (the A/D converter continues running).
Cautions 1. Set as 2.6 us < conversion time < 10.4 zs when 3.0V < AVRero < 3.6 V.
Set as 3.9 us < conversion time < 10.4 ys when 2.7 V < AVRreFo < 3.0 V.
2. In the high-speed conversion mode, rewriting the ADAOMO, ADAOM2, ADAOS,
ADAOPFM, and ADAOPFT registers and inputting a trigger are prohibited during the
stabilization time.
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(3) A/D converter mode register 2 (ADAOM2)
The ADAOM2 register specifies the hardware trigger mode.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF203H

2 1 0
amoaom2 | o | o | o | o | o 0 |ADAOTMD1/ADAOTMDO)|
ADAOTMD1ADAOTMDO Specification of hardware trigger mode
0 0 External trigger mode (when ADTRG pin valid edge is detected)
0 1 Timer trigger mode 0
(when INTTP2CCO interrupt request is generated)
1 0 Timer trigger mode 1

(when INTTP2CCH1 interrupt request is generated)

Setting prohibited

¢ Normal conversion mode

2. Be sure to clear bits 7 to 2 to “0”.

Cautions 1. In the following modes, write data to the ADAOM2 register while A/D conversion is
stopped (ADAOMO.ADAOCE bit = 0), and then enable A/D conversion (ADAOCE bit = 1).

¢ One-shot select mode/one-shot scan mode in high-speed conversion mode
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(4) Analog input channel specification register 0 (ADAOS)
The ADAOS register specifies the pin that inputs the analog voltage to be converted into a digital signal.

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

Reset sets this register to 00H.

Cautions 1.

2. V850ES/JE3-L only.
In the following modes, write data to the ADAOS register while A/D conversion is
stopped (ADAOMO.ADAOCE bit = 0), and then enable A/D conversion (ADAOCE bit = 1).

¢ Normal conversion mode
¢ One-shot select mode/one-shot scan mode in high-speed conversion mode
2. Be sure to clear bits 7 to 4 to “0”.

After reset: 00H R/W Address: FFFFF202H
7 6 5 4 3 2 1 0
ADAOS | 0 o | o 0 | ADA0S3 | ADAOS2 | ADAOS1 | ADAOSO |
ADAOS3 | ADA0S2 | ADA0S1 | ADA0OSO Select mode Scan mode
0 0 0 0 ANIO ANIO
0 0 0 1 ANN ANIO, ANI1
0 0 1 0 ANI2 ANIO to ANI2
0 0 1 1 ANI3 ANIO to ANI3
0 1 0 0 ANI4 ANIO to ANI4
0 1 0 1 ANI5Notet ANIO to ANI5Note!
0 1 1 0 AN|gNote2 ANIO to ANIgNote2
0 1 1 1 AN[7Note2 ANIO to AN|7Note2
1 0 0 0 AN|gNote2 ANIO to ANIgNote2
1 0 0 1 AN[gNote2 ANIO to ANIgNete2
1 0 1 0 Setting prohibited Setting prohibited
1 0 1 1 Setting prohibited Setting prohibited
1 1 0 0 Setting prohibited Setting prohibited
1 1 0 1 Setting prohibited Setting prohibited
1 1 1 0 Setting prohibited Setting prohibited
1 1 1 1 Setting prohibited Setting prohibited
Notes 1. V850ES/JC3-L (48-pin), VB50ES/JE3-L only.
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(5) A/D conversion result registers n, nH (ADAOCRn, ADAOCRnNH)
The ADAOCRN and ADAOCRNH registers store the A/D conversion results.
These registers are read-only, in 16-bit or 8-bit units. However, specify the ADAOCRn register for 16-bit access and
the ADAOCRNH register for 8-bit access. For ADAOCRN, the 10 bits of the conversion result are read from the

higher 10 bits, and 0 is read from the lower 6 bits. For ADAOCRnH, the higher 8 bits of the conversion result are
read.

Caution Accessing the ADAOCRn and ADAOCRnNH registers is prohibited in the following statuses. If a
wait cycle is generated, it can be cleared only by a reset. For details, see 3.4.9 (1) Accessing
special on-chip peripheral I/0O registers.

o When the CPU operates on the subclock and main clock oscillation is stopped
o When the CPU operates on the internal oscillator clock

After reset: Undefined R Address: ADAOCRO FFFFF210H, ADAOCR1 FFFFF212H,
ADAOCR2 FFFFF214H, ADAOCR3 FFFFF216H,
ADAOCR4 FFFFF218H, ADAOCR5 FFFFF21AH,
ADAOCR6 FFFFF21CH, ADAOCR7 FFFFF21EH,
ADAOCRS8 FFFFF220H, ADAOCR9 FFFFF222H,

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o0
ADAOCRn  [AD9|AD8|AD7 |AD6|AD5| AD4|AD3|AD2|AD1]/ADO| 0 [ 0 [0 [ 0| 0] 0|

After reset: Undefined R Address: ADAOCROH FFFFF211H, ADAOCR1H FFFFF213H,
ADAOCR2H FFFFF215H, ADAOCR3H FFFFF217H,
ADAOCR4H FFFFF219H, ADAOCR5H FFFFF21BH,
ADAOCR6H FFFFF21DH, ADAOCR7H FFFFF21FH,
ADAOCR8H FFFFF221H, ADAOCR9H FFFFF223H,

7 6 5 4 3 2 1 0
ADAOCRnH | AD9 | AD8 | AD7 | Aps | ADs | AD4 | ADs | Ap2 |

Caution A write operation to the ADAOMO and ADAOS registers may cause the contents of the
ADAOCRN register to become undefined. After conversion, read the conversion result
before writing to the ADAOMO and ADAOS registers. Correct conversion results may not
be read if a sequence other than the above is used.
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The relationship between the analog voltage input to the analog input pins (ANIn) and the A/D conversion result
(ADAOCRN register) is as follows.

VIiN

SAR = INT (
AVREF0

x 1,024 + 0.5)

ADAOCR™" = SAR x 64

Or,
AVREFo AVREFo
(SAR - 0.5) x <VIN < (SAR + 0.5) x
1,024 1,024
INT(): Function that returns the integer of the value in ()
VIN: Analog input voltage

AVRrero:  AVReFo pin voltage
ADAOCR: Value of ADAOCRN register

Note The lower 6 bits of the ADAOCRN register are fixed to 0.
The following shows the relationship between the analog input voltage and the A/D conversion results.

Figure 13-2. Relationship Between Analog Input Voltage and A/D Conversion Results

SAR ADAOCRN
1,023 +——1—F—1T——F—"71—TF----- FFCOH
1,2+——F+—1+—F+—F+—F+----- FF80H
A/D conversion results 1,021 o FF40H
1 1 1 1 I 1 I 1 1 I I I 1 1
1 1 1 1 I 1 I I 1 I I I 1 1
| | | | 1 | 1 1 | 1 1 1 | |
1 1 1 1 I 1 I I 1 I I I 1 1
3 1 1 1 1 1 - ‘_ _ 1 | | | 1 1 OOCOH
2 T p— - - - - - - 0080H
1 —— L 0040H
O et |11 0000H
1 1 3 2 5 3 2,043 1,022 2,0451,023 2,047 1
2,048 1,024 2,048 1,024 2,048 1,024 2,048 1,024 2,0481,024 2,048
Input voltage/AVrero
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(6) Power-fail compare mode register (ADAOPFM)
The ADAOPFM register is an 8-bit register that sets the power-fail compare mode.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 0OH R/W Address: FFFFF204H

<7> 6 5
ADAOPFM  [ADAOPFE[aDAOPFC| 0 | o | o | o | o | o |
ADAOPFE Selection of power-fail compare enable/disable
0 Power-fail compare disabled
1 Power-fail compare enabled
ADAOPFC Selection of power-fail compare mode
0 Generate an interrupt request signal (INTAD) when ADAOCRnH > ADAOPFT
1 Generate an interrupt request signal (INTAD) when ADAOCRnH < ADAOPFT

Cautions 1. In the select mode, the 8-bit data set to the ADAOPFT register is compared with the
conversion result of the channel specified by the ADAOS register. If the result matches
the condition specified by the ADAOPFC bit, the conversion result is stored in the
ADAOCRN register and the INTAD signal is generated. If it does not match, the
conversion result is stored in the ADAOCRO register and the INTAD signal is not
generated.

2. In the scan mode, the 8-bit data set to the ADAOPFT register is compared with the
conversion result of channel 0. If the result matches the condition specified by the
ADAOPFC bit, the conversion result is stored in the ADAOCRO register and the INTAD
signal is generated. If it does not match, the conversion result is stored in the
ADAOCRO register but the INTAD signal is not generated. Also, regardless of the
comparison result, scanning continues after comparison and the conversion result
continue to be stored in the ADAOCRN register until scanning ends. However, the
INTAD signal is not generated after the scanning has finished.

3. In the following modes, write data to the ADAOPFM register while A/D conversion is
stopped (ADAOMO0.ADAOCE bit = 0), and then enable A/D conversion (ADAOCE bit = 1).
¢ Normal conversion mode
e One-shot select mode/one-shot scan mode in high-speed conversion mode
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(7) Power-fail compare threshold value register (ADAOPFT)
The ADAOPFT register sets the compare value in the power-fail compare mode.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF205H

ADAOPFT |

stopped (ADAOMO.ADAOCE bit = 0), and then enable A/D conversion (ADAOCE bit = 1).

o Normal conversion mode
¢ One-shot select mode/one-shot scan mode in high-speed conversion mode

Caution In the following modes, write data to the ADAOPFT register while A/D conversion is
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13.5 Operation

13.5.1 Basic operation

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

<9>

Set the operation mode, trigger mode, and conversion time for executing A/D conversion by using the ADAOMO,
ADAOM1, ADAOM2, and ADAOS registers. When the ADAOCE bit of the ADAOMO register is set, conversion is
started in the software trigger mode and the A/D converter waits for a trigger in the external or timer trigger mode.

When A/D conversion is started, the voltage input to the selected analog input channel is sampled by the sample
& hold circuit.

Once the sample & hold circuit has sampled the input channel for a specific time, it enters the hold status, and
holds the input analog voltage until A/D conversion is complete.

Set bit 9 of the successive approximation register (SAR). The tap selector selects (1/2) AVrero as the compare
voltage generation DAC.

The voltage difference between the voltage of the compare voltage generation DAC and the analog input voltage
is compared by the voltage comparator. If the analog input voltage is higher than (1/2) AVrero, the MSB of the
SAR register remains set (1). If it is lower than (1/2) AVrero, the MSB is reset.

Next, bit 8 of the SAR register is automatically set and the next comparison is started. Depending on the value of
bit 9, to which a result has been already set, the voltage tap of the compare voltage generation DAC is selected
as follows.

e Bit 9 = 1: (3/4) AVRero

¢ Bit 9 = 0: (1/4) AVReFo

This compare voltage and the analog input voltage are compared and, depending on the result, bit 8 is
manipulated as follows.

Analog input voltage > Compare voltage: Bit 8 = 1

Analog input voltage < Compare voltage: Bit 8 = 0

This comparison is continued to bit 0 of the SAR register.

When comparison of the 10 bits is complete, the valid digital result is stored in the SAR register, and is then
transferred to and stored in the ADAOCRN register. After that, an A/D conversion end interrupt request signal
(INTAD) is generated at the following timing.

e Continuous/one-shot select mode: After the fist A/D conversion is complete
o Continuous/one-shot scan mode: After A/D conversions are performed sequentially for analog input pins up to
the one specified by the ADAOS register

Note

In one-shot select mode, conversion stops here In one-shot scan mode, conversion stops after scanning

Note

once™*. In continuous select mode, repeat steps <2> to <8> until the ADAOMO0.ADAOCE bit is cleared to 0. In
continuous scan mode, repeat steps <2> to <8> for each channel.

Note In the external trigger mode, timer trigger mode 0O, or timer trigger mode 1, the trigger standby status is
entered.

Remark The trigger standby status means the status after the stabilization time has passed.
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13.5.2 Conversion timing

Figure 13-3. Conversion Timing (Continuous Conversion)

ADAOMO.ADAOCE bit _I

Processing state |

INTAD signal

ADAOMO.ADAOQCE bit

(1) Operation in normal conversion mode (ADAOHS1 bit = 0)

First conversion Second conversion

Setup Sampling | A/D conversion Wait Setup Sampling
L | | 1 |
! ! | | ! : |_|
| |
| ! - , : T
| | Stabilization | | Conversion time ‘ Wait time o
—t—t— time - —_—
2/fxx (MAX.) Sampling 0.5/fxx
time

(2) Operation in high-speed conversion mode (ADAOHS1 bit = 1)

First conversion Second conversion

| wl

Processing state | Setup Sampling A/D conversion Sampling A/D conversion
! ‘ ‘ :
INTAD signal 1! | | |
\ |
i | Stabilization T : Conversion time | !
————— time — —
2/fxx (MAX.) Sampling 0.5/fxx
time
ADAOFR2 to Stabilization Time Conversion Time Wait Time Trigger Response
ADAOFRO Bits (Sampling Time) Time
000 13/fxx 26/fxx (8/fxx) 27/fxx 3/fxx
001 26/fxx 52/fxx (16/fxx) 53/fxx 3/fxx
010 39/fxx 78/fxx (24/fxx) 79/fxx 3/fxx
011 50/fxx 104/fxx (32/fxx) 105/fxx 3/fxx
100 50/fxx 130/fxx (40/fxx) 131/fxx 3/fxx
101 50/fxx 156/fxx (48/fxx) 157/fxx 3/fxx
110 50/fxx 182/fxx (56/fxx) 183/fxx 3/fxx
111 50/fxx 208/fxx (64/fxx) 209/fxx 3/fxx
Remark The above timings apply to the software trigger mode. In the external trigger mode/timer trigger

mode, a trigger response time is inserted.
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13.5.3 Trigger modes
The timing of starting conversion is specified by setting a trigger mode. The trigger modes include a software trigger

mode and hardware trigger modes. The hardware trigger modes include timer trigger modes 0 and 1, and external trigger

mode.

The ADAOMO.ADAOTMD bit is used to set the trigger mode. The hardware trigger modes are set by the

ADAOM2.ADAOTMD1 and ADAOM2.ADAOTMDO bits.

Table 13-4. Trigger Modes

ADAOMO Register ADAOM2 Register Trigger Mode
ADAOTMD Bit ADAOTMD1 Bit ADAOTMDO Bit
0 - - Software trigger mode
1 0 0 External trigger mode (based on ADTRG pin valid edge
detection)
0 1 Timer trigger mode 0 (based on INTTP2CCO interrupt request
occurrence)
1 0 Timer trigger mode 1 (based on INTTP2CC1 interrupt request
occurrence)
1 1 Setting prohibited

)

)

Software trigger mode

When the ADAOMO.ADAOCE bit is set to 1, the signal of the analog input pin (ANIn pin) specified by the ADAOS
register is converted. When conversion is complete, the result is stored in the ADAOCRn register. At the same time,
the A/D conversion end interrupt request signal (INTAD) is generated.

If the operation mode specified by the ADAOMO.ADAOMD1 and ADAOMO.ADAOMDO bits is the continuous
select/scan mode, the next conversion is started, unless the ADAOCE bit is cleared to 0 after completion of the first
conversion. Conversion is performed once and ends if the operation mode is the one-shot select/scan mode.

When conversion is started, the ADAOMO.ADAOEF bit is set to 1 (indicating that conversion is in progress).

If the ADAOMO, ADAOM2, ADAOS, ADAOPFM, or ADAOPFT register is written during conversion, the conversion is
aborted and started again from the beginning. However, writing to these registers is prohibited in the normal
conversion mode and one-shot select mode/one-shot scan mode in the high-speed conversion mode.

External trigger mode

In this mode, converting the signal of the analog input pin (ANIn pin) specified by the ADAOS register is started
when an external trigger is input (to the ADTRG pin). Which edge of the external trigger is to be detected (that is,
the rising edge, falling edge, or both rising and falling edges) can be specified by using the ADAOMO.ADAOETSH1
and ADAOMO.ATAOETSO bits. When the ADAOCE bit is set to 1, the A/D converter waits for the trigger, and starts
conversion after the external trigger has been input.

When conversion is completed, the result of conversion is stored in the ADAOCRN register, regardless of whether
the continuous select, continuous scan, one-shot select, or one-shot scan mode is set as the operation mode by
the ADAOMD1 and ADAOMDO bits. At the same time, the INTAD signal is generated, and the A/D converter waits
for the trigger again.

When conversion is started, the ADAOEF bit is set to 1 (indicating that conversion is in progress). While the A/D
converter is waiting for the trigger, however, the ADAOEF bit is cleared to O (indicating that conversion is stopped).
If a valid trigger is input during conversion, the conversion is aborted and started again from the beginning.

If the ADAOMO, ADAOM2, ADAOS, ADAOPFM, or ADAOPFT register is written during conversion, the conversion is
aborted, and the A/D converter waits for the trigger again. However, writing to these registers is prohibited in the
one-shot select mode/one-shot scan mode.
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Caution When selecting the external trigger mode, set the high-speed conversion mode. Do not input a
trigger during the stabilization time that is inserted once after A/D conversion is enabled
(ADAOMO.ADAOCE bit = 1).

Remark The trigger standby status means the status after the stabilization time has passed.

Timer trigger mode

In this mode, converting the signal of the analog input pin (ANIn) specified by the ADAOS register is started by the
compare match interrupt request signal (INTTP2CCO or INTTP2CC1) of the capture/compare register connected to
the timer. The INTTP2CCO or INTTP2CC1 signal is selected by the ADAOTMD1 and ADAOTMDO bits, and
conversion is started at the rising edge of the specified compare match interrupt request signal. When the ADAOCE
bit is set to 1, the A/D converter waits for a trigger, and starts conversion when the compare match interrupt request
signal of the timer is input.

When conversion is completed, regardless of whether the continuous select, continuous scan, one-shot select, or
one-shot scan mode is set as the operation mode by the ADAOMD1 and ADAOMDO bits, the result of the conversion
is stored in the ADAOCRN register. At the same time, the INTAD signal is generated, and the A/D converter waits
for the trigger again.

When conversion is started, the ADAOEF bit is set to 1 (indicating that conversion is in progress). While the A/D
converter is waiting for the trigger, however, the ADAOEF bit is cleared to O (indicating that conversion is stopped).
If a valid trigger is input during conversion, the conversion is aborted and started again from the beginning.

If the ADAOMO, ADAOM2, ADAOS, ADAOPFM, or ADAOPFT register is written during conversion, the conversion is
stopped and the A/D converter waits for the trigger again. However, writing to these registers is prohibited in the
one-shot select mode/one-shot scan mode.

Caution When selecting the timer trigger mode, set the high-speed conversion mode. Do not input a
trigger during the stabilization time that is inserted once after A/D conversion is enabled

(ADAOMO.ADAOCE bit = 1).

Remark The trigger standby status means the status after the stabilization time has passed.
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13.5.4 Operation mode
Four operation modes are available: continuous select mode, continuous scan mode, one-shot select mode, and one-

shot scan mode.
The operation mode is selected by the ADAOM0.ADAOMD1 and ADAOMO0.ADAOMDO bits.

(1) Continuous select mode
In this mode, the voltage of one analog input pin selected by the ADAOS register is continuously converted into a
digital value.
The conversion result is stored in the ADAOCRN register corresponding to the analog input pin. Each time A/D
conversion is completed, the A/D conversion end interrupt request signal (INTAD) is generated. After completion of
conversion, the next conversion is started, unless the ADAOMO.ADAOCE bit is cleared to 0.

Figure 13-4. Example of Timing in Continuous Select Mode (ADAOS Register = 01H)

AN ,@//’@/—ﬂe\\@\\—/
~1 @ o— | Data 4 | Data 5
Data 1 Data 2 Data 3

AD . Data 1 Data 2 Data 3 Data 4 Data 5

conversion (ANI) (ANI1) (ANI) (ANI1) | N
ADAOCR1 Data 1 Data 2 Data 3 Data 4
(ANI1) (ANI1) (ANI1) (ANI1)

INTAD ﬂ ﬂ ﬂ ﬂ

Conversion start Conversion end
Set ADAOCE bit to 1 Set ADAOCE bitto 0

Remark The above timing applies to the software trigger mode (ADAOMO.ADOTMD bit = 0) or the high-
speed conversion mode (ADAOM1.ADAOHS1 bit = 1).

(2) Continuous scan mode
In this mode, analog input pins are sequentially selected, from the ANIO pin to the pin specified by the ADAOS
register, and their values are converted into digital values.
The result of each conversion is stored in the ADAOCRN register corresponding to the analog input pin. When
conversion of the analog input pin specified by the ADAOS register is complete, the INTAD signal is generated, and
A/D conversion is started again from the ANIO pin, unless the ADAOCE bit is cleared to 0.
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Figure 13-5. Example of Timing in Continuous Scan Mode (ADAOS Register = 03H) (1/2)

(a) Timing example
ANIO ﬁ\@\
Data 1 | | paa5 | //_//
e {}// Data 6
Data 2
///_‘6\——///’ Data 7 |
Data 3
ez —t |
/7\\ | L — ] 1
ANIB —— | 1% ]
Data 4
AD ) Data 1 Data 2 Data 3 Data 4 Data 5 Data 6 Data 7
conversion (ANIO) (ANI) (ANI2) | | (ANI3) (ANIO) (ANI) || (ANI2)
Data 1 Data 5
ADAOCRO (ANIO) \ \ (ANIO) \
\ \ \ \
Data 2 Data 6
ADAOCR1 (ANI1) \ \ (ANI1)\
§ \ \
Data 3
ADAOCR2 (ANI2) \
\
Data 4
ADAOCR3 (ANI3)
INTAD ﬂ
Conversion start
Set ADAOCE bit to 1
Remark The above timing applies to the software trigger mode (ADAOMO.ADOTMD bit = 0) or the high-
speed conversion mode (ADAOM1.ADAOHS1 bit = 1).
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Figure 13-5. Example of Timing in Continuous Scan Mode (ADAOS Register = 03H) (2/2)

(b) Relationship between analog input pins and A/D conversion result registers

Analog input pin ADAOCRN register
ANI0O O ADAOCRO
AN O ADAOCR1
ANI2 O ADAOCR2
ANI3 O ——= O—— A/D converter —) —| ADAOCR3
ANI4 O ADAOCR4
ANI5 O ADAOCR5

. O
. O
ANIn O ADAOCRnN
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(3) One-shot select mode
In this mode, the voltage of the analog input pin specified by the ADAOS register is converted into a digital value
only once.
The conversion result is stored in the ADAOCRN register corresponding to the analog input pin. In this mode, an
analog input pin and an ADAOCRnN register correspond on a one-to-one basis. When A/D conversion has been
completed once, the INTAD signal is generated. A/D conversion is stopped after it has been completed.

Figure 13-6. Example of Timing in One-Shot Select Mode (ADAOS Register = 01H)

\@—/
ANI1 \ge/,//x
Data 1 Data 2
. Data 1 Data 2
A/D conversion (ANI1) (ANIH)
ADAOCR1 Data 1 Data 2
(ANIT1) (ANIT1)
INTAD
Conversion end Conversion end
Conversion start Conversion start
Set ADAOCE bit to 1 Set ADAOCE bit to 1
Remark The above timing applies to the software trigger mode (ADAOMO.ADOTMD bit = 0) or the high-
speed conversion mode (ADAOM1.ADAOHS1 bit = 1).

(4) One-shot scan mode
In this mode, analog input pins are sequentially selected, from the ANIO pin to the pin specified by the ADAOS
register, and their values are converted into digital values .
Each conversion result is stored in the ADAOCRnN register corresponding to the analog input pin. When conversion
of the analog input pin specified by the ADAOS register is complete, the INTAD signal is generated. A/D conversion
is stopped after it has been completed.
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Figure 13-7. Example of Timing in One-Shot Scan Mode (ADAOS Register = 03H) (1/2)

(a) Timing example

L N R (PN

Data 2

ANIO  —

ANI2 // Data 3

ANIB — — |

Data 4

AD . Data 1 Data 2 Data 3 Data 4
conversion (ANIO) (ANI) (ANI2) (ANI3)

1
|

Data 1

ADAOCRO (ANIO) \

Data 2
ADAOCR1 (ANIH) \ \

ADAOCR2

Data 3
(ANI2)

Data 4

ADAOCRS3 (ANI3)

INTAD _|

Conversion start Conversion end
Set ADAOCE bit to 1

Remark The above timing applies to the software trigger mode (ADAOMO.ADOTMD bit = 0) or the high-
speed conversion mode (ADAOM1.ADAOHS1 bit = 1).
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Figure 13-7. Example of Timing in One-Shot Scan Mode (ADAOS Register = 03H) (2/2)

(b) Relationship between analog input pins and A/D conversion result registers

Analog input pin ADAOCRN register
ANI0O O ADAOCRO
AN O ADAOCR1
ANI2 O ADAOCR2
ANI3 O ——= O—— A/D converter —) —| ADAOCR3
ANI4 O ADAOCR4
ANI5 O ADAOCR5

- O
O
ANIn O ADAOCRnN
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13.5.5 Power-fail compare mode

In this mode, whether the input analog signal voltage is the specified voltage or higher or whether it is lower than the
specified voltage is judged, and if the condition specified by the ADAOPFC bit is satisfied, the A/D conversion end interrupt
request signal (INTAD) is generated.

¢ When the ADAOPFM.ADAOPFE bit is 0, the INTAD signal is generated each time A/D conversion is completed at the
following timing (normal use of the A/D converter) .

« Continuous/one-shot select mode: After the fist A/D conversion is complete
o Continuous/one-shot scan mode: After A/D conversions are performed sequentially for the analog input pins
up to the one specified by the ADAOS register

e When the ADAOPFE bit is 1 and when the ADAOPFM.ADAOPFC bit is 0, the value of the ADAOCRNH register is
compared with the value of the ADAOPFT register when conversion is completed, and the INTAD signal is generated
only if ADAOCRnH > ADAOPFT.

¢ When the ADAOPFE bit is 1 and when the ADAOPFC bit is 1, the value of the ADAOCRNH register is compared with
the value of the ADAOPFT register when conversion is completed, and the INTAD signal is generated only if
ADAOCRNH < ADAOPFT.

In the power-fail compare mode, four modes are available: continuous select mode, continuous scan mode, one-shot
select mode, and one-shot scan mode.
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M

Continuous select mode

In this mode, the result of converting the voltage of the analog input pin specified by the ADAOS register is
compared with the set value of the ADAOPFT register. If the result of power-fail comparison matches the condition
set by the ADAOPFC bit, the conversion result is stored in the ADAOCRnN register, and the INTAD signal is
generated. If it does not match, the conversion result is stored in the ADAOCRn register, and the INTAD signal is
not generated. After completion of the first conversion, the next conversion is started, unless the ADAOMO.ADAOCE
bit is cleared to 0.

Figure 13-8. Example of Timing in Continuous Select Mode
(When Power-Fail Comparison Is Made: ADAOPFM.ADAOPFC bit = 0, ADAOS Register = 01H)

—o———|
Powerfail | IRl T_E.}f./: JE PR t?\_m/_"_
comparison value /9/
AN Data 1 Data 2 Data 3 Data4 | Data s
AD . Data 1 Data 2 Data 3 Data 4 Data 5
conversion (ANI1) (ANI) (ANI1) (ANI1) (ANI)
ADAOCR1 Data 1 Data 2 Data 3 Data 4
(ANIT1) (ANI1) (ANI1) (ANIT)

INTAD [ [

ADAOPFT ADAOPFT  ADAOPFT ADAOPFT'

) mismatch  mismatch  match
Conversion start matchConverSion end

Set ADAOCE bit to 1 Set ADAOCE bitto 0

Remark The above timing applies to the software trigger mode (ADAOMO.ADOTMD bit = 0) or the high-
speed conversion mode (ADAOM1.ADAOHS1 bit = 1).

&)

Continuous scan mode

In this mode, the results of converting the voltages of the analog input pins, from the ANIO pin to the pin specified
by the ADAOS register, are stored sequentially.

First, the conversion result of channel 0 is compared. If the result of power-fail comparison matches the condition
set by the ADAOPFC bit, the conversion result is stored in the ADAOCRO register, and the INTAD signal is
generated. If it does not match, the conversion result is stored in the ADAOCRO register, and the INTAD signal is
not generated.

After the result of the first conversion has been stored in the ADAOCRO register, the results of sequentially
converting the voltages of the analog input pins up to the pin specified by the ADAOS register are continuously
stored. After completion of conversion, the next conversion is started from the ANIO pin again, unless the ADAOCE
bit is cleared to 0.
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Figure 13-9. Example of Timing in Continuous Scan Mode
(When Power-Fail Comparison Is Made: ADAOPFM.ADAOPFC bit = 0, ADAOS Register = 03H) (1/2)

(a) Timing example
ANIO —
Power-fail
comparison value
AN |
17 || Data 7 |
P
Data 3
ez —t |
/ﬁ_\\¥ [ | — e
ANIB —— | N
Data 4
AD ) Data 1 Data 2 Data 3 Data 4 Data 5 Data 6 Data 7
conversion (ANIO) (ANI1) (ANI2) | | (ANI3) (ANIO) (ANI) || (ANI2)
Data 1 Data 5
ADAOCRO (ANIO) \ \ (ANIO) \
\ \ \
Data 2 Data 6
ADAOCR1 (ANI1) \ \ (ANI1)\
§ \ \
Data 3
ADAOCR2 (ANI2) \
\
Data 4
ADAOCR3 (ANI3)
INTAD ﬂ
ADAOPFT ADAOPFT
Conversion start match mismatch
Set ADAOCE bit to 1
Remark The above timing applies to the software trigger mode (ADAOMO.ADOTMD bit = 0) or the high-
speed conversion mode (ADAOM1.ADAOHS1 bit = 1).
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Figure 13-9. Example of Timing in Continuous Scan Mode
(When Power-Fail Comparison Is Made: ADAOPFM.ADAOPFC bit = 0, ADAOS Register = 03H) (2/2)

(b) Relationship between analog input pins and A/D conversion result registers
Analog input pin ADAOCRN register

ANl O ADAOCRO
AN O ADAOCR1
ANI2 O ADAOCR2
ANIZ O —— O— A/D converter —O —=| ADAOCR3
ANI4 O ADAOCR4
ANI5 O ADAOCR5

- 0O

O]
ANIn O ADAOCRnN
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(3) One-shot select mode
In this mode, the result of converting the voltage of the analog input pin specified by the ADAOS register is
compared with the set value of the ADAOPFT register. If the result of power-fail comparison matches the condition
set by the ADAOPFC bit, the conversion result is stored in the ADAOCRnN register, and the INTAD signal is
generated. If it does not match, the conversion result is stored in the ADAOCRn register, and the INTAD signal is
not generated. Conversion is stopped after it has been completed.

Figure 13-10. Example of Timing in One-Shot Select Mode
(When Power-Fail Comparison Is Made: ADAOPFM.ADAOPFC bit = 1, ADAOS Register = 01H)

ANI1  —
Power-fail |
comparison value
. Data 1 Data 2
A/D conversion (ANI) (ANIT)
ADAOCR1 Data 1 Data 2
(ANI1) (ANI1)
INTAD
ADAOPFT mismatch ADAOPFT match
Conversion end Conversion end
Conversion start Conversion start
Set ADAOCE bit to 1 Set ADAOCE bit to 1

Remark The above timing applies to the software trigger mode (ADAOMO.ADOTMD bit = 0) or the high-
speed conversion mode (ADAOM1.ADAOHS1 bit = 1).

(4) One-shot scan mode

In this mode, the results of converting the voltages of the analog input pins sequentially selected from the ANIO pin
to the pin specified by the ADAOS register are stored, and the set value of the ADAOCROH register of channel 0 is
compared with the set value of the ADAOPFT register. If the result of power-fail comparison matches the condition
set by the ADAOPFC bit, the conversion result is stored in the ADAOCRO register and the INTAD signal is generated.
If it does not match, the conversion result is stored in the ADAOCRO register, and the INTADO signal is not
generated. After the result of the first conversion has been stored in the ADAOCRO register, the results of
converting the signals on the analog input pins specified by the ADAOS register are sequentially stored. Conversion
is stopped after it has been completed.
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Figure 13-11. Example of Timing in One-Shot Scan Mode
(When Power-Fail Comparison Is Made: ADAOPFM.ADAOPFC bit = 0, ADAOS Register = 03H) (1/2)

(a) Timing example

ANIO ﬁ\@\
Data 1
Powerfail | o | | S S S —— N
comparison value e
ANI1 ]
\\/M
Data 2
//ﬁk_b
e — | Data 3
ANIZ — — |
Data 4
AD . Data 1 Data 2 Data 3 Data 4
conversion (ANIO) (ANI) (ANI2) (ANI3)

Data 1 ‘

L
|

ADAOCRO (ANIO) \ \
\ \ \
Data 2
ADAOCR1 (ANIT) \ \
Y |
Data 3
ADAOCR2 (ANI2) \
\
Data 4
ADAOCR3 (ANI3)
INTAD _|
ADAOPFT
match

Conversion start
Set ADAOCE bit to 1

Remark The above timing applies to the software trigger mode (ADAOMO.ADOTMD bit = 0) or the high-
speed conversion mode (ADAOM1.ADAOHS1 bit = 1).
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Figure 13-11. Example of Timing in One-Shot Scan Mode
(When Power-Fail Comparison Is Made: ADAOPFM.ADAOPFC bit = 0, ADAOS Register = 03H) (2/2)

(b) Relationship between analog input pins and A/D conversion result registers
Analog input pin ADAOCRN register

ANl O ADAOCRO
AN O ADAOCR1
ANI2 O ADAOCR2
ANIZ O —— O— A/D converter —O —=| ADAOCR3
ANI4 O ADAOCR4
ANI5 O ADAOCR5

- 0O

O]
ANIn O ADAOCRnN
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13.6 Cautions

(1) When A/D converter is not used
When the A/D converter is not used, the power consumption can be reduced by clearing the ADAOMO.ADAOCE bit
to 0.

(2) Input range of ANIn pins
Input a voltage within the ratings to the ANIn pins. If a voltage equal to or higher than AVRrero or equal to or lower
than AVss (even within the range of the absolute maximum ratings) is input to any of these pins, the conversion
value of that channel is undefined, and the conversion value of the other channels may also be affected.

(3) Countermeasures against noise
To maintain the 10-bit resolution, the ANIn pins must be effectively protected from noise. The influence of noise
increases as the output impedance of the analog input source becomes higher. To lower the noise, connecting an
external capacitor as shown in Figure 13-12 is recommended.
The capacitor must have a capacitance appropriate for the input signal change speed.

Figure 13-12. Handling of Analog Input Pin

/— Clamp using a diode with a low VF (0.3 V or less).
Vob
/ AVRero
l T / ANIn
AVss
Vss
T
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Alternate 1/0

The analog input pins (ANIn) function alternately as port pins. When selecting one of the ANIn pins to execute A/D
conversion, do not execute an instruction to read an input port or write to an output port during conversion as the
conversion resolution may drop.

Also the conversion resolution may drop at the pins set as output port pins during A/D conversion if the output
current fluctuates due to the effect of the external circuit connected to the port pins.

If a digital pulse is applied to a pin adjacent to the pin whose input signal is being converted, the A/D conversion
value may not be as expected due to the influence of coupling noise. Therefore, do not apply a pulse to a pin
adjacent to the pin undergoing A/D conversion.

Interrupt request flag (ADIF)

The interrupt request flag (ADIF) is not cleared (0) even if the contents of the ADAOS register are changed. If the
analog input pin is changed during A/D conversion, therefore, the result of converting the previously selected
analog input signal may be stored and the conversion end interrupt request flag may be set (1) immediately before
the ADAOS register is rewritten. If the ADIF flag is read immediately after the ADAOS register is rewritten, the ADIF
flag may be set (1) even though the A/D conversion of the newly selected analog input pin has not been completed.
When A/D conversion is stopped, clear (0) the ADIF flag before resuming conversion.

Figure 13-13. Timing of Generating A/D Conversion End Interrupt Request

A/D conversion ANla ANla . ANIb ANIb

ADAOS rewriting ADAOS rewriting ADIF is set, but ANIm
(ANIn conversion start) (ANIm conversion start) conversion does not end

ull

ADAOCRN >< ANla >< . ANla >< ANIb >< ANIb

INTAD

Remark a=n
b=n
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(6) Internal equivalent circuit
The following shows the equivalent circuit of the analog input block.

Figure 13-14. Internal Equivalent Circuit of ANIn Pin

Rin
ANIn J_
Cin
Rin CiN
14 kQ 8.0 pF
Remark The above values are reference values.

(7) AVgero pin

(a) The AVRrero pin is used as the power supply pin of the A/D converter and also supplies power to the alternate-
function ports. In an application where a backup power supply is used, be sure to supply the same voltage as
Vob to the AVRero pin as shown in Figure 13-15.

(b) The AVRero pin is also used as the reference voltage pin of the A/D converter. If the source supplying power to
the AVRrero pin has a high impedance or if the power supply has a low current supply capability, the reference
voltage may fluctuate due to the current that flows during conversion (especially, immediately after the
conversion enable bit ADAOCE has been set to 1). As a result, the conversion accuracy may drop. To avoid
this, it is recommended to connect a capacitor across the AVrero and AVss pins to suppress the reference
voltage fluctuation as shown in Figure 13-15.

(c) If the source supplying power to the AVrero pin has a high DC resistance, the voltage when conversion is
enabled may be lower than the voltage when conversion is stopped, because of a voltage drop caused by the

A/D conversion current.

Figure 13-15. Example of Handling AVrero Pin

Note

SR J AVRerFo
Main power supply T T
AVss

Note Parasitic inductance
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@®)

©

(10)

(11)

(12)

Reading ADAOCRN register

When the ADAOMO to ADAOM2, ADAOS, ADAOPFM, or ADAOPFT register is written, the contents of the ADAOCRn
register may be undefined. Read the conversion result after completion of conversion and before writing to the
ADAOMO to ADAOM2, ADAOS, ADAOPFM, or ADAOPFT register. Also, when an external/timer trigger is
acknowledged, the contents of the ADAOCRn register may be undefined. Read the conversion result after
completion of conversion and before the next external/timer trigger is acknowledged. The correct conversion result
may not be read at a timing different from the above.

Standby mode

Because the A/D converter stops operating in the STOP mode, power consumption can be reduced, but the
conversion results will be invalid. Operations are resumed after the STOP mode is released, but the A/D
conversion results after the STOP mode is released are invalid. When using the A/D converter after the STOP
mode is released, before setting the STOP mode or releasing the STOP mode, clear the ADAOMO0.ADAOCE bit to 0
then set the ADAOCE bit to 1 after releasing the STOP mode.

In the IDLE1, IDLE2, or subclock operation mode, operation continues. In the IDLE1 and IDLE2 modes, since the
analog input voltage value cannot be retained, the A/D conversion results after the IDLE1 and IDLE2 modes are
released are invalid. The results of conversions before the IDLE1 and IDLE2 modes were set are valid. To lower
the power consumption, therefore, clear the ADAOMO.ADAOCE bit to 0.

High-speed conversion mode
In the high-speed conversion mode, rewriting the ADAOMO, ADAOM2, ADAOS, ADAOPFM, and ADAOPFT
registers and inputting a trigger during the stabilization time are prohibited.

A/D conversion time

A/D conversion time is the total time of stabilization time, conversion time, wait time, and trigger response time
(for details of these times, refer to Table 13-2 Conversion Time Selection in Normal Conversion Mode
(ADAOHS1 Bit = 0) and Table 13-3 Conversion Time Selection in High-Speed Conversion Mode (ADAOHS1
Bit = 1)).

During A/D conversion in the normal conversion mode, if the ADAOMO, ADAOM2, ADAOS, ADAOPFM, and
ADAOPFT registers are written or a trigger is input, reconversion is carried out. However, if the stabilization time
end timing conflicts with writing to these registers, or if the stabilization time end timing conflicts with the trigger
input, the stabilization time of 64 clocks is reinserted.

If a conflict occurs again with the reinserted stabilization time end timing, the stabilization time is reinserted.
Therefore do not set the trigger input interval and control register write interval to 64 clocks or lower.

Variation of A/D conversion results
The results of the A/D conversion may vary depending on the fluctuation of the supply voltage, or may be affected
by noise. To reduce the variation, take countermeasures in the program such as averaging the A/D conversion

results.
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(13) A/D conversion result hysteresis characteristics
The successive comparison type A/D converter holds the analog input voltage in the internal sample & hold
capacitor and then performs A/D conversion. After A/D conversion has finished, the analog input voltage remains
in the internal sample & hold capacitor. As a result, the following phenomena may occur.

e When the same channel is used for A/D conversions, if the voltage is higher or lower than the previous A/D
conversion, then hysteresis characteristics may appear where the conversion result is affected by the previous
value. Thus, even if the conversion is performed at the same potential, the result may vary.

¢ When switching the analog input channel, hysteresis characteristics may appear where the conversion result is
affected by the previous channel value. This is because one A/D converter is used for the A/D conversions.
Thus, even if the conversion is performed at the same potential, the result may vary.

Therefore, to obtain a more accurate conversion result, perform A/D conversion twice successively for the same

channel, and discard the first conversion result.
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13.7 How to Read A/D Converter Characteristics Table

This section describes the terms related to the A/D converter.

(1) Resolution

)

The minimum analog input voltage that can be recognized, that is, the ratio of an analog input voltage to 1 bit of
digital output is called 1 LSB (least significant bit). The ratio of 1 LSB to the full scale is expressed as %FSR (full-
scale range). %FSR is the ratio of a range of convertible analog input voltages expressed as a percentage, and
can be expressed as follows, independently of the resolution.

1%FSR = (Maximum value of convertible analog input voltage — Minimum value of convertible analog

input voltage)/100
= (AVReFo — 0)/100
= AVRero/100

When the resolution is 10 bits, 1 LSB is as follows:

1LSB =1/2"=1/1,024
= 0.098%FSR

The accuracy is determined by the overall error, independently of the resolution.

Overall error

This is the maximum value of the difference between an actually measured value and a theoretical value.
It is a total of zero-scale error, full-scale error, linearity error, and a combination of these errors.

The overall error in the characteristics table does not include the quantization error.

Figure 13-16. Overall Error

Ideal line -

. . .

Overall error

Digital output
)
(

CC

0 AVREeFo
Analog input
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(3) Quantization error

This is an error of +1/2 LSB that inevitably occurs when an analog value is converted into a digital value. Because
the A/D converter converts analog input voltages in a range of £1/2 LSB into the same digital codes, a quantization

error is unavoidable.

This error is not included in the overall error, zero-scale error, full-scale error, integral linearity error, or differential

linearity error in the characteristics table.

Figure 13-17. Quantization Error

Digital output

1
1/2 LSB =1 Quantization error

I = 1/2LSB
1 1

) )

CC

AVREFo
Analog input

(4) Zero-scale error

This is the difference between the actually measured analog input voltage and its theoretical value when the digital
output changes from 0...000 to 0...001 (1/2 LSB).

Figure 13-18. Zero-Scale Error

Digital output (lower 3 bits)

111’L L

010

001

100 |- - -\\-
1
Zero-scale error |

011

Ideal line .

(J(F
AVREeFo

Analog input (LSB)
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(5) Full-scale error
This is the difference between the actually measured analog input voltage and its theoretical value when the digital
output changes from 1...110 to 1...111 (full scale — 3/2 LSB).

Figure 13-19. Full-Scale Error

Full-scale error

100 - e A

o1t ----- A

010 | SS-:J74 ,----:

0 AVrero-3 AVrero-2 AVrero- 1 AVrero
Analog input (LSB)

Digital output (lower 3 bits)

o
o
o

(6) Differential linearity error
Ideally, the width to output a specific code is 1 LSB. This error indicates the difference between the actually
measured value and its theoretical value when a specific code is output. This indicates the basic characteristics of
the A/D conversion when the voltage applied to the analog input pins of the same channel is consistently increased
bit by bit from AVssto AVRero. When the input voltage is increased or decreased, or when two or more channels
are used, see 13.7 (2) Overall error.

Figure 13-20. Differential Linearity Error

Ideal width of 1 LSB

Digital output

Differential
linearity error

0--e-0 (¢
AVRero

Analog input
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(7) Integral linearity error

This error indicates the extent to which the conversion characteristics differ from the ideal linear relationship. It
indicates the maximum value of the difference between the actually measured value and its theoretical value where
the zero-scale error and full-scale error are 0.

Figure 13-21. Integral Linearity Error

Digital output

Ideal line

Integral

linearity error

Analog input

AVREeFo

(8) Conversion time

This is the time required to obtain a digital output after sampling has started.
The conversion time in the characteristics table includes the sampling time.

(9) Sampling time

This is the time for which the analog switch is ON to load an analog voltage to the sample & hold circuit.

Figure 13-22. Relationship Between Conversion Time and Sampling Time

~— Sampling time 4

Conversion time
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CHAPTER 14 D/A CONVERTER (V850ES/JC3-L (48-pin), V850ES/JE3-L)

14.1 Functions

In the VB50ES/JC3-L (48-pin), VB50ES/JE3-L, one R-2R ladder type D/A converter channel is provided (DA0OCSO0).
The D/A converter has the following functions.

O 8-bit resolution x 1 channel

O R-2R ladder method

O Conversion time: 3 us (MAX.) (when AVRer1 = 2.7 to 3.6 V, external load = 20 pF)

O Analog output voltage: AVRer1 x m/256 (m = 0 to 255; value set to DAOCSO register)
O Operation modes: Normal mode, real-time output mode
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14.2 Configuration
The D/A converter includes the following hardware.

Table 14-1. D/A Converter Registers Used by Software

ltem Configuration

Control registers D/A converter mode register (DAOM)
D/A conversion value setting registers 0 (DAOCSO0)

The block diagram of the D/A converter is shown below.

Figure 14-1. Block Diagram of D/A Converter

S Internal bus S
DAOCSO0 write D/A conversion value
) settin%register 0
INTTP2CCO signal (DA0CS0)
2R
ANOO
AVrer1 © 2R <R
AVss © Selector R : R
2R
\
DAOMDO|DAOCEQ
D/A converter
mode register 0
(DAOM)
S Internal bus S
Caution DAOCSO is also used as the AVrer1 and AVss pins. The AVss pin is also used
by the A/D converter.
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14.3 Registers

The registers that control the D/A converter are as follows.

e D/A converter mode register (DAOM)

¢ D/A conversion value setting registers 0 (DA0OCSO0)

(1) D/A converter mode register (DAOM)

The DAOM register controls the operation of the D/A converter.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF282H

5 <4> 3 2 1 0
paov [ o | o | o |paceo] o | o | o [Daovpo|

DAOCEO D/A converter operation enable/disable

0 Disables operation

1 Enables operation
DAOMDO Selection of D/A converter operation mode

0 Normal mode

1 Real-time output modeN°*®

Note The output trigger in the real-time output mode (DAOMDO bit = 1) is as follow.

« INTTP2CCO signal (see CHAPTER 6 16-BIT TIMER/EVENT COUNTER P (TMP))
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(2) D/A conversion value setting registers 0 (DA0CSO0)
The DAOCSO register sets the analog voltage value output to the ANOO pin.

These register can be read or written in 8-bit units.
Reset sets these registers to 00H.

After reset: 0OH R/W Address: DAOCSO0 FFFFF280H, DAOCS1 FFFFF281H

7 6 5 4 3 2 1 0
DAOCSn  |DAOCSN7|DAOCSN6 | DAOCSNS|DAOCSN4|DAOCSNS|DAOCSN2 [DAOCSN1|DAOCSNO|

In the real-time output mode (DAOM.DAOMDO bit = 1), set the DAOCSO register before the
INTTP2CCO signal is generated. D/A conversion starts when the INTTP2CCO signal is

generated.

Caution

Page 518 of 969

RO1UHO018EJ0200 Rev.2.00
Mar 25, 2014 RENESANAS



V850ES/JC3-L, V850ES/JES-L CHAPTER 14 D/A CONVERTER (V850ES/JC3-L (48-pin), V850ES/JE3-L)

14.4

Operation

14.4.1 Operation in normal mode

D/A conversion is performed using a write operation to the DAOCSO register as the trigger.

The setting method is described below.

<1>
<2>
<3>

<4>

<5>

Set the PM10 bit to 1 (input mode).

Clear the DAOM.DAOMDO bit to 0 (normal mode).

Set the analog voltage value to be output to the ANOO pin to the DAOCSO register.

Steps <2> and <3> above constitute the initial settings.

Set the DAOM.DAOCEDQO bit to 1 (D/A conversion enable).

The D/A converted analog voltage value is output from the ANOO pin when this setting is performed.
To change the analog voltage value, write to the DAOCSO register.

The analog voltage value set immediately before is held until the next write operation is performed.

Remark For the alternate-function pin settings, refer to Table 4-17 Settings When Pins Are Used for Alternate

Functions.

14.4.2 Operation in real-time output mode
D/A conversion is performed using the interrupt request signal of TMP2 (INTTP2CCO) as the trigger.
The setting method is described below.

<1>
<2>
<3>

<4>

<5>

<6>

<7>

Set the PM10 bit to 1 (input mode).

Set the DAOM.DAOMDO bit to 1 (real-time output mode).

Set the analog voltage value to be output to the ANOO pin to the DAOCSO register.

Set the DAOM.DAOCEDO bit to 1 (D/A conversion enable).

Steps <2> to <4> above constitute the initial settings.

Operate TMP2.

The D/A converted analog voltage value is output from the ANOn pin when the INTTP2CCO signal is generated.
Set the analog voltage value to be output to the DAOCSO register next, before the next INTTP2CCO signal is
generated.

After that, the value set to the DAOCSO register is output from the ANOO pin every time the INTTP2CCO signal is
generated.

Remarks 1. The output value of the ANOO pin up to <6> above is undefined.

2. For the output value of the ANOO pin in the IDLE1, IDLE2, HALT, and STOP modes, refer to CHAPTER
21 STANDBY FUNCTION.
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14.4.3 Cautions

Observe the following cautions when using the D/A converter.

(1) Set the port pins to the input mode (PM10 bit = 1).
(2) Do not read or write the P1 register during D/A conversion.

(3) In the real-time output mode, avoid a conflict between writing the DAOCSO register by software and trigger signal
output, which can occur by writing the DAOCSO register while the interrupt requested by the selected trigger signal

is being serviced.

(4) Make sure that AVRer1 < Vob and AVRer1 = 2.7 to 3.6 V. The operation is not guaranteed if ranges other than the

above are used.

(5) Turn on or off AVRer1 at the same time as turning on or off AVreFo.
(6) Because the output impedance of the D/A converter is high, a current cannot be supplied from the ANOO pin.
When connecting a resistor of 2 MQ or lower, take appropriate measures such as inserting a JFET input type

operational amplifier between the resistor and the ANOO pin.

Figure 14-2. Example of External Pin Connection

ANOO

AVRero

AVss

AVRer1

JFET input
2 MQ

'LO.1 uF 'L10,uF

as 'L1O,uF

10.1 uF

Qutput

operational amplifier

EVoo

Caution  The figure shown here is only for reference. Use it after fully evaluating its appropriateness.

(7) Because the D/A converter stops operating in the STOP mode, the ANOO pin goes into a high-impedance state,
and the power consumption can be reduced.
In the IDLE1, IDLE2, or subclock operation mode, however, the D/A converter continues operating. To lower the
power consumption, therefore, clear the DAOM.DAOCEQ bit to 0.
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CHAPTER 15 ASYNCHRONOUS SERIAL INTERFACE A (UARTA)

The number of UARTA channels in the V850ES/JC3-L, V850ES/JE3-L are shown below.

Product Name V850ESJC3-L (40-pin) V850ES/JC3-L (48-pin) V850ES/JE3-L
Number of channels 2 channels 3 channels 3 channels
UARTAO, UARTA1 UARTAO to UARTA2 UARTAO to UARTA2

In this chapter, the number of channels is expressed as n.
15.1 Features
On-chip dedicated baud rate generator

Transfer rate: 300 bps to 625 kbps (using dedicated baud rate generator)
Full-duplex communication

O O OO

Double buffer configuration Internal UARTAN receive data register (UANRX)
Internal UARTAN transmit data register (UANTX)
Reception error detection function

(@)

o Parity error
e Framing error
e Qverrun error

O Interrupt sources: 2

o Reception complete interrupt (INTUANR): This interrupt occurs upon transfer of receive data from the receive
shift register to the receive data register after serial transfer
completion, in the reception enabled status.

e Transmission enable interrupt (INTUANT): This interrupt occurs upon transfer of transmit data from the
transmit data register to the transmit shift register in the
transmission enabled status. (Continuous transmission is possible.)

Character length: 7, 8 bits

Parity function: Odd, even, 0, none

Transmission stop bit: 1, 2 bits

MSB-/LSB-first transfer selectable

Internal digital noise filter

Inverted input/output of transmit/receive data possible

O O0OO0OO0OO0OO0O0

SBF (Sync Break Field) transmission/reception in the LIN (Local Interconnect Network) communication format
e 13 to 20 bits selectable for SBF transmission

¢ Recognition of 11 bits or more possible for SBF reception

o SBF reception flag provided
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15.2 Configuration
UARTAR includes the following hardware.

Table 15-1. Configuration of UARTAN

Iltem Configuration

Registers UARTAN control register 0 (UANCTLO)
UARTAN control register 1 (UAnCTL1)
UARTAN control register 2 (UANCTL2)
UARTAR option control register 0 (UANOPTO)
UARTARN status register (UANSTR)

UARTARN receive shift register

UARTAN receive data register (UANRX)
UARTAR transmit shift register

UARTARN transmit data register (UAnTX)

The block diagram of the UARTAnN is shown below.

Figure 15-1. Block Diagram of UARTANn

S Internal bus S

INTUANT /N
INTUANR
[l B Bttt ' '

' Reception unit i Transmission '
: UANRX : : unit UANTX :
: [UARTAn receive| | Roception |- | Transmission| [ UARTAN transmit|
: _shift register controller | ! controller shift register |
E Filter Baud rate : i-| Baud rate Selector ; ©TXDAN
: T generator ™| generator ;

: ©RXDAN
Selector

fxx to fxx/21° —|

ASCKAQV**0—~| 8 ‘5‘3 \
o9 \ \
UANCTL1
UANCTLO UANCTL2 UANSTR UANOPTO
Internal bus

Note UARTAO only (V850ES/JC3-L (48-pin), VB50ES/JES3-L only)

Remark For the configuration of the baud rate generator, see Figure 15-17.
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(1) UARTAN control register 0 (UANCTLO)
The UANCTLO register is an 8-bit register used to specify the operation of UARTAN.

(2) UARTAN control register 1 (UANCTL1)
The UANCTL1 register is an 8-bit register used to select the base clock (fuctk) for UARTAN.

(3) UARTAN control register 2 (UANCTL2)
The UANCTL2 register is an 8-bit register used with the UAnNCTL1 register to generate the baud rate for UARTAN.

(4) UARTAN option control register 0 (UANOPTO)
The UANOPTO register is an 8-bit register used to control SBF transmission/reception in the LIN communication
format and the level of the transmission/reception signals for the UARTAN.

(5) UARTAN status register (UANSTR)
The UAnSTR register is an 8-bit register that indicates the contents of a reception error. Each one of the reception
error flags is set (to 1) upon the occurrence of a reception error.

(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-character 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 UANnRX register is an 8-bit buffer register that holds receive data.
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 character.
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-character data is transferred from the UANnTX register, the shift register data is output from the TXDAnR pin.
This register cannot be manipulated directly.

(9) UARTAN transmit data register (UANTX)
The UANTX register is an 8-bit transmit data buffer. Transmission starts when transmit data is written to the UANTX
register. When data can be written to the UANTX register (when 1-character data is transferred from the UAnTX
register to the UARTAnN transmit shift register), the transmission enable interrupt request signal (INTUANT) is
generated.
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15.2.1 Pin functions of each channel

The RXDAn, TXDAn, and ASCKAO pins used by UARTA in the V850ES/JC3-L, VB50ES/JE3-L are used for other
functions as shown in Table 15-2. To use these pins for UARTA, set the related registers as described in Table 4-17
Settings When Pins Are Used for Alternate Functions.

Table 15-2. Pins Used by UARTA

Channel Pin No. Port UARTA UARTA UARTA Clock Other Functions
JcaL | JeaL | JEsL Reception Transmission I/Q"*
(40) 48) Input Output
UARTAO - 34 46 P31 RXDAO - - | INTP7/SIB4
30 - - INTP7
- 33 45 P30 - TXDAO - jsop4
29 - -
- 35 47 | P32 - - ASCKAQ™* SCKB4/TIPOO/TOP00
UARTA1 20 24 32 P91 RXDA1 - - KR7/SCL02
19 23 31 P90 - TXDA1 - KR6/SDA02
UARTA2 - 19 27 P39 RXDA2 - - SCL0O
- 18 26 P38 - TXDA2 SDA00

Note The ASCKAO function is provided only for UARTAO (V850ES/JC3-L (48-pin), VB50ES/JE3-L only).

Remark JC3L (40): V850ES/JC3-L (40-pin products)
JC3L (48): VB50ES/JC3-L (48-pin products)
JE3L 1 V850ES/JES-L
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15.3 Mode Switching of UARTA and Other Serial Interfaces

15.3.1 UARTAO and CSIB4 mode switching

In the V850ES/JC3-L (48-pin), V850ES/JE3-L), UARTAO and CSIB4 share pins and therefore cannot be used
simultaneously. To use the UARTAO function, specify the UARTAO mode in advance by using the PMC3, PFC3, and
PFCES registers.

Switching the operation mode between UARTAO and CSIB4 is described below.

Caution Transmission and reception by UARTAO and CSIB4 are not guaranteed if these operation modes are
switched during transmission or reception. Be sure to stop the serial interface that is not being used.

Figure 15-2. Switching UARTAO and CSIB4 Operation Modes

After reset: 0000H R/W Address: FFFFF446H, FFFFF447H

15 14 13 12 11 10 9 8

Pmca [ o | o | o | o | o | o |[Pmcas | pmcss |
6 5 4 3 2 1 0

[ o | o | Pmcss| Pvcas | Pmcas | Pmcaz | PMcat | Pmcao |

After reset: 0000H R/W Address: FFFFF466H, FFFFF467H

15 14 13 12 11 10 9 8

PFe3 [ o | o | o | o | o | o |[PpFcas | Prcas |
6 5 4 3 2 1 0

| o | o | Prcss | prcas | PFc3s | PFCa2 | PFCat | PFC3o |

After reset: 00H R/W Address: FFFFF706H

4 3 2 1 0
PrecesL | o | o | o | o | o |prce;2| o | o |
PMC32 | PFCE32 | PFC32 Operation mode
0 X X Port I/O mode
1 0 0 ASCKAO mode
1 0 1 SCKB4 mode
PMC3m | PFC3m Operation mode
0 X Port 1/0 mode
1 0 UARTAO mode
1 1 CSIB4 mode
Remarks 1. m=0, 1
2. x=don’t care
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15.3.2 UARTA1 and I°C02 mode switching

In the V850ES/JC3-L (48-pin), V850ES/JE3-L, UARTA1 and I°C02 share pins and therefore cannot be used
simultaneously. To use the UARTA1 function, specify the UARTA1 mode in advance by using the PMC9, PFC9, and
PFCEDQ registers.

Switching the operation mode between UARTA1 and I°C02 are described below.

Caution Transmission and reception by UARTA1 and FFC02 are not guaranteed if these operation modes are
switched during transmission or reception. Be sure to stop the serial interface that is not being used.

Figure 15-3. Switching UARTA1 and I°C02 Operation Modes

After reset: 0000H R/wW Address: FFFFF452H, FFFFF453H

15 14 13 12 1 10 9 8
PMCY | PMCO15| PMCo14 | PMCo13| PMCo12 | PMC911| PMC910 | PMC99 | PMCos |

7 6 5 4 3 2 1 0
[ Pmco7 | PMcos | 0 | Pmces | Pmces | PMco2 | Pmcot | Pmceo |

After reset: 0000H R/W Address: FFFFF472H, FFFFF473H

15 14 13 12 11 10 9 8
PFCO | PFCo15| PFCo14 | PFCO13 | PFCo12 | PFCO11 | PFCO10 | PFC99 | PFCo8 |

7 6 5 4 3 2 1 0
| PFco7 | PFcos | o | PFcos4 | PFces | PFco2 | PFCo1 | PFCoo |

After reset: 0000H R/W Address: FFFFF712H, FFFFF713H

15 14 13 12 11 10 9 8
PFCE9 |PFCE9tsPFCE914) 0 | o | o | o | o | o |
7 6 5 4 3 2 1 0

| PFcE97| PFCE9S| 0 | PFCE94 | PFCE93 | PFCE92 | PFCEST | PFCEQO |

PMC9m | PFCE9m| PFC9m Operation mode
1 1 0 UARTA1 mode
1 1 1 [2C02 mode

Remark m=0, 1
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15.3.3 UARTA2 and I°C00 mode switching

In the V850ES/JC3-L (48-pin), V850ES/JE3-L, UARTA2 and I°CO0 share pins and therefore cannot be used
simultaneously. To use the UARTA2 function, specify the UARTA2 mode in advance by using the PMC3 and PFC3
registers.

Switching the operation mode between UARTA2 and I°C00 are described below.

Caution Transmission and reception by UARTA2 and FFC00 are not guaranteed if these operation modes are
switched during transmission or reception. Be sure to stop the serial interface that is not being used.

Figure 15-4. Switching UARTA2 and I°C00 Operation Modes

After reset: 0000H RW Address: FFFFF446H, FFFFF447H

15 14 13 12 11 10 9 8

Pmca | o | o | o | o | o | o |Pmcas | Pvcss |
7 6 5 4 3 2 ! 0

| o | o | pPmcss| pmcas | Pvcas | Pmcaz | Pmcat | pumcso |

After reset: 0000H R/W Address: FFFFF466H, FFFFF467H

15 14 13 12 1 10 9 8
Prca | o | o | o | o | o | o |[PpFcas | Prcas |

7 6 5 4 3 2 1 0

| o | o | prcss | prcas | prcas | prcaz | PFCat | PFCao |
PMC3m | PFC3m Operation mode

0 X Port I/0 mode

1 0 | UARTA2 mode

1 1 [*C00 mode

Remarks 1. m=8,9
2. x=don’t care
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15.4 Registers

(1) UARTAN control register 0 (UANCTLO)
The UANCTLO register is an 8-bit register that controls the UARTAN serial transfer operation.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 10H.

(1/2)

After reset: 10H R/W Address: UAOCTLO FFFFFAOOH, UA1CTLO FFFFFA10H,
UA2CTLO FFFFFA20H

<7> <6> <5> <4> 3 2 1 0
UANCTLO [ UAnPWR| UANTXE | UANRXE| UANDIR | UANPS1 | UANPSO | UANCL | UAnSL |

UANPWR UARTAR operation control

0 Disable UARTAnN operation (UARTAN reset asynchronously)
1 Enable UARTAnN operation

The UARTAnN 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).

UANTXE Transmission operation enable

0 Disable transmission operation

1 Enable transmission operation

o To start transmission, set the UANPWR bit to 1 and then set the UANnTXE bit to 1.
To stop transmission, clear the UAnTXE bit to 0 and then UAnPWR bit to 0.

* To initialize the transmission unit, clear the UANTXE bit to 0, wait for two cycles of
the base clock, and then set the UANTXE bit to 1 again. Otherwise, initialization
may not be executed (for the base clock, see 15.7 (1) (a) Base clock).

e When UARTARN operation is enabled (UANPWR bit = 1) and the UAnTXE bit is set
to 1, transmission is enabled after at least two cycles of the base clock (fuck) have
elapsed.

UANRXE Reception operation enable

0 Disable reception operation

1 Enable reception operation

o 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 UAnPWR bit to 0.

» To initialize the reception unit, clear the UANRXE bit to 0, wait for two cycles of
the base clock, and then set the UAnRXE bit to 1 again. Otherwise, initialization
may not be executed (for the base clock, see 15.7 (1) (a) Base clock).

e When UARTAN operation is enabled (UANPWR bit = 1) and the UAnRXE bit is set
to 1, reception is enabled after at least two cycles of the base clock (fuck) have
elapsed. If a start bit is received before reception is enabled, the start bit is
ignored.
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(2/2)
UANDIR Data transfer order
0 MSB first
1 LSB first
* This register can be rewritten only when the UAnPWR bit is 0 or the UANTXE bit
and the UAnNRXE bit are 0.
* When transmission and reception are performed in the LIN format, set the UAnDIR
bit to 1.
UANPS1 | UANPSO | Parity selection during transmission| Parity selection during reception
0 0 No parity output Reception with no parity
0 1 0 parity output Reception with 0 parity
1 0 Odd parity output Odd parity check
1 1 Even parity output Even parity check
* This register is rewritten only when the UAnPWR bit is 0 or the UAnTXE bit and the
UANnRXE bit are 0.
« If “Reception with 0 parity” is selected during reception, a parity check is not performed.
Therefore, the UANSTR.UANPE bit is not set.
* When transmission and reception are performed in the LIN format, clear the
UANnPS1 and UANPSO bits to 00.
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 is 0 or the UANTXE bit
and the UAnRXE bit are 0.
¢ When transmission and reception are performed in the LIN format, set the UAnCL
bitto 1.
UANnSL Specification of length of stop bit for transmit data
0 1 bit
1 2 bits
This register can be rewritten only when the UAnPWR bit is 0 or the UAnTXE bit and
the UANRXE bit are 0.
Remark For details of parity, see 15.6.6 Parity types and operations.
(2) UARTAN control register 1 (UANCTL1)
For details, see 15.7 (2) UARTAnN control register 1 (UAnCTL1).
(3) UARTAN control register 2 (UANCTL2)
For details, see 15.7 (3) UARTAN control register 2 (UAnCTL2).
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(4) UARTAN option control register 0 (UANOPTO)
The UANOPTO register is an 8-bit register used to control SBF transmission/reception in the LIN communication
format and the level of the transmission/reception signals for the UARTAN.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 14H.

(1/2)

After reset: 14H R/W Address: UAOOPTO FFFFFAO3H, UA1OPTO FFFFFA13H,
UA20PTO FFFFFA23H

<7> 6 5 4 3 2 1 0
UANOPTO | UANSRF| UANSRT | UANSTT |UAnSLS2| UANSLS1|UANSLS0| UANTDL | UANRDL |

UANSRF SBF reception flag

0 The UAnCTLO.UANPWR bit or the UAnCTLO.UANRXE bit is set to 0,
or SBF reception ends normally.

1 During SBF reception

* This bit indicates whether SBF (Sync Brake Field) is received in LIN communication.

* When an SBF reception error occurs, the UANSRF bit remains 1 and SBF reception
is started again.

* The UAnSREF bit is a read-only bit.

UANSRT SBF reception trigger

0 —

1 SBF reception trigger

* This is the SBF reception trigger bit during LIN communication, and is always 0
when read.

* For SBF reception, set the UAnSRT bit (to 1) to enable SBF reception.

* Set the UANnSRT bit after setting the UANPWR bit and UAnRXE bit to 1.

UANSTT SBF transmission trigger

0 —

1 SBF transmission trigger

* This is the SBF transmission trigger bit during LIN communication, and is always 0
when read.

* Setting this bit to 1 triggers SBF transmission.

* Set the UANSTT bit after setting the UAnPWR bit and UAnTXE bit to 1.

Caution Do not set the UAnSRT and UANSTT bits (to 1) during SBF reception
(UANSRF bit = 1).
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(2/2)

UANSLS2|UAnSLS1|UANSLSO SBF transmit length selection

1 0 1 13-bit output (initial 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 or the UANTXE bit is 0.
UANTDL Transmit data level bit

0 Normal output of transfer data

1 Inverted output of transfer data

* The output level of the TXDAn pin can be inverted by using the UAnTDL bit.
* This register can be set when the UAnPWR bit or the UAnTXE bit is 0.

UAnRDL Receive data level bit
0 Normal input of transfer data
1 Inverted input of transfer data

* The input level of the RXDAn pin can be inverted by using the UAnRDL bit.
* This register can be set when the UAnPWR bit or the UANRXE bit is 0.

(5) UARTAN status register (UAnSTR)
The UANSTR register is an 8-bit register that displays the UARTAN transfer status and reception error contents.
This register can be read or written in 8-bit or 1-bit units, but the UANTSF bit is a read-only bit, while the UANnPE,
UANFE, and UANOVE bits can be both read and written. However, these bits can only be cleared by writing 0; they
cannot be set by writing 1 (even if 1 is written to them, the previous value is retained).
The conditions for clearing the UAnSTR register are shown below.

Table 15-3. Conditions for Clearing STR Register

Register/Bit Conditions for Clearing
UANSTR register e Reset
e UANCTLO.UANPWR =0
UANTSF bit e UANCTLO.UANTXE =0
UANPE, UANFE, UAnOVE bits e 0 write
e UANCTLO.UANRXE =0
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After reset: O0H R/W Address: UAOSTR FFFFFA04H, UA1STR FFFFFA14H,
UA2STR FFFFFA24H

<7> 6 5 4 3 <2> <1> <0>
uansTR [uAnTsFl o | o | o | o | uAnPE | UANFE [UAnOVE|
UANTSF Transfer status flag
0 The transmit shift register does not have data.

* When the UANPWR bit or the UAnTXE bit has been set to 0.
* When, following transfer completion, there was no next data transfer
from UANTX register

1 The transmit shift register has data.
(Write to UANnTX register)

The UANTSF bit is always 1 when performing continuous transmission. When
initializing the transmission unit, check that the UAnTSF bit is 0 before performing
initialization. The transmit data is not guaranteed when initialization is performed
while the UANTSF bit is 1.

UANPE Parity error flag

0 * When the UANPWR bit or the UANRXE bit has been set to 0.
* When 0 has been written

1 The received parity bit does not match the specified parity.

* The operation of the UANPE bit is controlled by the settings of the
UANCTLO0.UANnPS1 and UANCTLO.UANPSO bits.

* Once the UANPE bit is set (1), the value is retained until the bit is cleared (0).

* The UANPE bit can be read and written, but it can only be cleared by writing 0 to it;
it cannot be set by writing 1 to it. When 1 is written to this bit, the previous value is
retained.

UANFE Framing error flag

0 * When the UANPWR bit or the UANRXE bit has been set to 0
* 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.

* Once the UANFE bit is set (1), the value is retained until the bit is cleared (0).

* The UANFE bit can be both read and written, but it can only be cleared by
writing O to it; it cannot be set by writing 1 to it. When 1 is written to this bit, the
previous value is retained.

UANnOVE Overrun error flag

0 * When the UANPWR bit or the UANRXE bit has been set to 0.
* When 0 has been written

1 When receive data has been set to the UAnRX 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.

* Once the UANOVE bit is set (1), the value is retained until the bit is cleared (0).

* The UANOVE bit can be both read and written, but it can only be cleared by writing
0 to it; it cannot be set by writing 1 to it. When 1 is written to this bit, the previous
value is retained.

ROLUHO018EJ0200 Rev.2.00 Page 532 of 969
Mar 25, 2014 RENESANS



V850ES/JC3-L, V850ES/JE3-L OBCHAPTER 15 ASYNCHRONOUS SERIAL INTERFACE A (UARTA)

(6) UARTAN receive data register (UAnRX)
The UANnRX 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-
character 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.
This register is read-only, in 8-bit units.
In addition to reset input, the UAnRX register can be set to FFH by clearing the UANCTLO.UANPWR bit to 0.

After reset: FFH R Address: UAORX FFFFFAO06H, UA1RX 