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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/JE3-E and VB850ES/JG3-E and design application systems using the
V850ES/JE3-E and V850ES/JG3-E.

This manual is intended to give users an understanding of the hardware functions of the
VB850ES/JE3-E and V850ES/JG3-E shown in the Organization below.

The manual of these products is divided into two volumes: Hardware (this volume) and
Architecture (V850ES Architecture User’s Manual).

Hardware Architecture
¢ Pin functions ¢ Data types
e CPU function ¢ Register set
e On-chip peripheral functions e Instruction format and instruction set
* Flash memory programming « Interrupts and exceptions
¢ Electrical specifications ¢ 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/JE3-E and V850ES/JG3-E
— Read this manual according to the CONTENTS.

To find the details of a register where the name is known
—Use APPENDIX B 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 V850ES/JES3-E and V850ES/JGS3-E
— Refer to the CHAPTER 32 ELECTRICAL SPECIFICATIONS.

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.

The mark “<R>" shows major revised points. The revised points can be easily searched
by copying an “<R>” in the PDF file and specifying it in the “Find what:” field.



Conventions

Data significance:
Active low representation:
Memory map address:

Note:

Caution:

Remark:

Numeric representation:

Prefix indicating power of 2
(address space, memory
capacity):

Higher digits on the left and lower digits on the right

XXX (overscore over pin or signal name)

Higher addresses on the top and lower addresses on the
bottom

Footnote for item marked with Note in the text

Information requiring particular attention

Supplementary information

Binary ... xxxx or xxxxB

Decimal ... Xxxx

Hexadecimal ... xxxxH

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 VB50ES/JE3-E and V850ES/JG3-E

preliminary versions.

Document Name Document No.
V850ES Architecture User’s Manual U15943E
V850ES/JES3-E, V850ES/JG3-E Hardware User’s Manual This manual
Documents related to development tools
Document Name Document No.
QB-V850ESJX3E In-Circuit Emulator U19170E
QB-V850MINI 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 U18515E
PM+ Ver. 6.30 Project Manager U18416E
ID850QB Ver. 3.40 Integrated Debugger Operation U18604E
SM850 Ver. 2.50 System Simulator Operation U16218E
SM850 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://www.renesas.com/products/package/manual/index.jsp).

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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V850ES/JE3-E, V850ES/IG3-E RO1UH0232EJ0200
RENESAS MCU Rev.2.00
Mar 25, 2014

CHAPTER 1 INTRODUCTION

The V850ES/JES3-E and V850ES/JGS-E are products in the low-power series of Renesas Electronics’ V850 single-chip
microcontrollers designed for real-time control applications.

1.1 General

The V850ES/JE3-E and V850ES/JG3-E are 32-bit single-chip microcontrollers that use the V850ES CPU core and
incorporate peripheral functions such as ROM/RAM, a timer/counter, serial interfaces, an A/D converter, a D/A converter, a
DMA controller, CAN, a USB function controller, and an Ethernet controller.

In addition to high real-time response characteristics and 1-clock-pitch basic instructions, the V850ES/JE3-E and
V850ES/JG3-E feature multiply instructions realized by a hardware multiplier, saturated operation instructions, and bit
manipulation instructions.

Table 1-1 lists the products of the VB50ES/JES-E, and Table 1-2 lists the products of the VB50ES/JG3-E.
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V850ES/JE3-E, V850ES/JG3-E CHAPTER 1 INTRODUCTION
Table 1-1. V850ES/JE3-E Product List
Generic Name V850ES/JE3-E
Part Number uPD70F3826 uPD70F3827 uPD70F3828 uPD70F3829
Internal | Flash memory 64 KB 128 KB 256 KB 256 KB
memory | |nternal RAM 16 KB 32 KB 48 KB 48 KB
Data-only RAM 16 KB 16 KB 16 KB 16 KB
Memory space 64 MB
General-purpose register 32 bits x 32 registers
Clock | Main clock PLL mode: fx = 3 to 6.25 MHz, fxx = 24 to 50 MHz (multiplied by 8)
Clock through mode: fx = 3 to 6.25 MHz (Internal: fxx = 3 to 6.25 MHz)
Subclock fxr = 32.768 kHz
Internal oscillator fr = 220 kHz (TYP.)
Minimum instruction 20 ns (main clock (fxx) = 50 MHz)
execution time
1/0 port 1/0:26 (5 V tolerant: 12)
Timer | 16-bit TAA 5 channels (including 2 channels used only for interval function)
16-bit TAB 1 channels (interval function only)
16-bit TMM 4 channels
16-bit TMT 1 channel (interval function only)
Motor control -
Watch timer 1 channel (RTC)
WDT 1 channel
Real-time output function 3 bits x 1 channel
10-bit A/D converter 10 channels
Serial CSIF/UARTC 1 channel
interface | csIF/UARTC/C 1 channel
CSIF -
UARTC/I’C 1 channel -
UARTC/IC/CAN - 1 channel
USB controller USB function (full speed):1 channel
Ethernet controller 1 channel
DMA controller 4 channels (transfer target: on-chip peripheral I/O, internal RAM)
Interrupt | External™**"? 7(7) 7(7) 7(7) 7(7)
sourcé | |nternal 54 54 54 58
Power save function HALT/IDLE1/IDLE2/STOP/subclock/sub-IDLE mode
Reset source RESET pin input, watchdog timer 2 (WDT2), clock monitor (CLM), low-voltage detector (LVI)
On-chip debugging MINICUBE®, MINICUBE2 supported
Operating power supply voltage | 2.85t0 3.6V
Operating ambient temperature | —-40 to +85°C
Package 64-pin plastic LQFP (fine pitch) (10 x 10 mm)

Notes 1. The figures in parentheses indicate the number of external interrupts that can release STOP mode.

2. Including NMI.
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V850ES/JE3-E, V850ES/JG3-E CHAPTER 1 INTRODUCTION
Table 1-2. V850ES/JG3-E Product List
Generic Name V850ES/JG3-E
Part Number uPD70F3834 uPD70F3835 uPD70F3836 uPD70F3837
Internal | Flash memory 64 KB 128 KB 256 KB 256 KB
memory | |nternal RAM 16 KB 32 KB 48 KB 48 KB
Data-only RAM 16 KB 16 KB 16 KB 16 KB
Memory space 64 MB
General-purpose register 32 bits x 32 registers
Clock | Main clock PLL mode: fx = 3 to 6.25 MHz, fxx = 24 to 50 MHz (multiplied by 8)
Clock through mode: fx = 3 to 6.25 MHz (Internal: fxx = 3 to 6.25 MHz)
Subclock fxr = 32.768 kHz
Internal oscillator fr = 220 kHz (TYP.)
Minimum instruction 20 ns (main clock (fxx) = 50 MHz)
execution time
1/0 port 1/0: 62 (5 V tolerant: 35)
Timer | 16-bit TAA 5 channels
16-bit TAB 1 channels
16-bit TMM 4 channels
16-bit TMT 1 channel
Motor control 1 channel
Watch timer 1 channel (RTC)
WDT 1 channel
Real-time output function 6 bits x 1 channel
10-bit A/D converter 10 channels
Serial CSIF/UARTC 1 channel
interface | csIF/UARTC/C 2 channels
CSIF 2 channels
UARTC/I’C 1 channel -
UARTC/IC/CAN - 1 channel
USB controller USB function (full speed):1 channel
Ethernet controller 1 channel
DMA controller 4 channels (transfer target: on-chip peripheral I/O, internal RAM)
Interrupt | External™**"? 22 (22) 22 (22) 22 (22) 22 (22)
sourcé | |nternal 61 61 61 65
Power save function HALT/IDLE1/IDLE2/STOP/subclock/sub-IDLE mode
Reset source RESET pin input, watchdog timer 2 (WDT2), clock monitor (CLM), low-voltage detector (LVI)
On-chip debugging MINICUBE, MINICUBE2 supported
Operating power supply voltage | 2.85t0 3.6V
Operating ambient temperature | —-40 to +85°C
Package 100-pin plastic LQFP (fine pitch) (14 x 14 mm)

Notes 1. The figures in parentheses indicate the number of external interrupts that can release STOP mode.

2. Including NMI.
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INTRODUCTION

1.2 Features

O Minimum instruction execution time: 20.0 ns (main clock (fxx) = 50 MHz: Vbb = 2.85 to 3.6 V)
30.5 us (subclock (fxt) = 32.768 kHz)
32 bits x 32 registers

O General-purpose registers:
O CPU features:

O Memory space:

e Internal memory:

O Interrupts and exceptions:

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

Saturated operations (overflow and underflow detection functions included)

32-bit shift instruction: 1 clock
Bit manipulation instructions
Load/store instructions with long/short format

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

External expansion: Up to 14 MB (including 1 MB used as internal ROM/RAM space)
32/48/64 KB (see Table 1-1 and Table 1-2)
Flash memory: 64/128/256 KB (see Table 1-1 and Table 1-2)

RAM:

O 1/O lines:

Internal External
Non-maskable| Maskable Total [Non-maskable| Maskable Total
V850ES/JE3-E | uPD70F3826 1 53 54 1 6 7
©PD70F3827 1 53 54 1 6 7
#PD70F3828 1 53 54 1 6 7
#PD70F3829 1 57 58 1 6 7
V850ES/JG3-E | 4xPD70F3834 1 60 61 1 21 22
#PD70F3835 1 60 61 1 21 22
#PD70F3836 1 60 61 1 21 22
©PD70F3837 1 64 65 1 21 22
Software exceptions: 32 sources
Exception trap: 2 sources
I/O ports: 26 (VB50ES/JES-E)
62 (V850ES/JG3-E)

O Timer function:

16-bit interval timer M (TMM):

16-bit timer/event counter AA (TAA):
16-bit timer/event counter AB (TAB):
16-bit timer/event counter T (TMT):

Motor control function (timers used: TAB1, TAA4)

6-phase PWM function with dead-time function of 16-bit accuracy

High-impedance output control function
A/D trigger generation by timer-tuned operation function
Arbitrary cycle setting function

Arbitrary dead-time setting function

Remark For the number of channels incorporated, see Table 1-1 and Table 1-2.

Real-time counter (RTC):
Watchdog timer:

1 channel
1 channel

RO1UH0232EJ0200 Rev.2.00
Mar 25, 2014
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VB850ES/JES-E, V850ES/JG3-E CHAPTER 1 INTRODUCTION

O Real-time output port: 6 bits x 1 channel

O Serial interface: Asynchronous serial interface C (UARTC)
3-wire variable-length serial interface F (CSIF)
I’C bus interface (I°C)
CAN interface
USB function controller
Ethernet controller

Remark For the number of channels incorporated, see Table 1-1 and Table 1-2.

O A/D converter

(10-bit resolution): 10ch
O DMA controller: 4 channels
O DCU (debug control unit): JTAG interface
O Clock generator: Main clock or subclock operation:

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

O Internal oscillation clock: 220 kHz (TYP)
O Power-save functions: HALT/IDLE1/IDLE2/STOP/subclock/sub-IDLE mode
O Package: 64-pin plastic LQFP (fine pitch) (10 x 10) (V850ES/JE3-E)

100-pin plastic WQFN (fine pitch) (14 x 14) (V850ES/JG3-E)

RO1UH0232EJ0200 Rev.2.00 25
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1.3 Application Fields

Equipment requiring an Ethernet controller, industrial equipment, FA equipment, network control including building
management system.

1.4 Ordering Information

¢ VB50ES/JE3-E

Part Number Package Internal Flash Memory
uPD70F3826GB-GAH-AX  64-pin plastic LQFP (fine pitch) (10 x 10) 64 KB
uPD70F3827GB-GAH-AX  64-pin plastic LQFP (fine pitch) (10 x 10) 128 KB
uPD70F3828GB-GAH-AX 64-pin plastic LQFP (fine pitch) (10 x 10) 256 KB
uPD70F3829GB-GAH-AX  64-pin plastic LQFP (fine pitch) (10 x 10) 256 KB

* V850ES/JG3-E
Part Number Package Internal Flash Memory
1#PD70F3834GK-GAK-AX 100-pin plastic LQFP (fine pitch) (14 x 14) 64 KB
u#PD70F3835GK-GAK-AX 100-pin plastic LQFP (fine pitch) (14 x 14) 128 KB
uPD70F3836GK-GAK-AX 100-pin plastic LQFP (fine pitch) (14 x 14) 256 KB
u#PD70F3837GK-GAK-AX 100-pin plastic LQFP (fine pitch) (14 x 14) 256 KB

Remark The V850ES/JE3-E and V850ES/JG3-E are lead-free products.
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1.5 Pin Configuration (Top View)

¢ V850ES/JE3-E
64-pin plastic LQFP (fine pitch) (10 x 10)

<R> uPD70F3826GB-GAH-AX #PD70F3827GB-GAH-AX
uPD70F3828GB-GAH-AX #PD70F3829GB-GAH-AX
S
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o 2 © =
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< a0 O0Qg
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/vcoc\lv—oovcor\comvmmv—om\
© © © © O v OV L L v O L W wv v <
AVrero (O—1 O 48[=~() PIMDIO
Avss O—]2 47|+~ PIMDC
PO2NMI (O=~|3 46|<~Q PiCOL
P20/INTPO1 (==|4 45|<=() P1ICRS
Voo (O—5 44— EVoo
REGCY*? (O)—6 43—Q Vss
Vss 0—7 42 <—O ELMDOQNote!
x1 O—|s 41—0O REGCY
X2 O—g 40—0 Vop
RESET O—={10 39|--O PIRXCLK
X1 O—]11 38|~ P1RXER
xt2 O—12 37|=~O PiRXDV
P30/TXDCO/SIF2/TIAA00/TOA00 (O=+|13 36|~~O P1RXD3
P31/RXDCO/SOF2/TIAA01/TOAA0T O=~|14 35[«~0O P1RXD2
P32/ASCKCO/SCKF2/TIAA10/TOAA10 O==|15 34|=~O P1RXD1
P50/INTPO7/DDI Q== 16 33|==O P1RXDO
N 228 s 8R388583858
OOOO(%(%J)J)(%OOOOOOO
O X | L L o o 8 9 = ™ @ Z X
Qo§m§n_§§>DDDDu_|u_|_l
S8EgEEIE RRERER
o 9 r [ I n F o E o E s I
o oo - o
E E E &
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b b 3T
-
Notes 1. Connect this pin to Vss in the normal mode.
2. Connect the REGC pin to Vssvia a 4.7 uF (recommend value) capacitor.
3. uPD70F3829 only
RO1UH0232EJ0200 Rev.2.00 27

Mar 25, 2014 RENESAS



V850ES/JES-E, VB50ES/JG3-E CHAPTER 1 INTRODUCTION
¢ V850ES/JG3-E
100-pin plastic LQFP (fine pitch) (14 x 14)
4PD70F3834GC-UEU-AX uPD70F3835GC-UEU-AX
4PD70F3836GC-UEU-AX uPD70F3837GC-UEU-AX
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5 58 g3 Lif
E EXR  QoE-2&P2
T38EsE O8ES2:a
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AVrero O— 1 75 |[~——=0O P93/TOAB1B2/TRGAB1/KR3/INTP14
AVss O—— 2 O 74 |=—~0O P92/TOAB1T2/TOAB12/TIAB12/KR2/INTP13
PO2/NMI O=— 3 73 [=—=~O P91/TOAB1B1/TIAB10/KR1/TOAB10
PO3/INTPOO/ADTRG/EXCLK O=~—{ 4 72 |=—=O P90/TOAB1T1/TOAB11/TIAB11/KRO/INTP12
P20/INTPO1 O=—={ 5 71 j=—O P1MDIO
P21/RTCDIV/RTCCL O=— 6 70 =—=O P1MDC
P22/RTC1HZ/INTP02 O=~—+{ 7 69 [~—=O P1COL
Voo O—— 8 68 [~—=O P1CRS
REGCNte2 O 9 67 (~—=O PDL4
Vss O—— 10 66 [~—O PDL3
X1 Oo— 11 65 ——O EVoo
X2 O— 12 64 —O Vss
RESET O——{ 13 63 [=——CO FLMDOQNete!
XT1 O— 14 62 ——O REGCNet2
XT2 O—— 15 61 —O Voo
P23/SIF1/TXDC1/SDAQ0/INT03 O=—={ 16 60 [~—O PDL2
P24/SOF1/RXDC1/SCLOO/INTP04 O=—> 17 59 [+—=O PDLA1
P25/SCKF1/TIA30/TOAA30 O=—={ 18 58 ~—=O PDLO
P26/TIAA31/TOAA31/INTP05 O=—={ 19 57 [=—=O P1RXCLK
P30/TXDCO/SIF2/TIAA00/TOA00 O=—= 20 56 [~—O P1RXER
P31/RXDCO/SOF2/TIAA01/TOAA01 O=—+ 21 55 [+—=O P1RXDV
P32/ASCKCO/SCKF2/TIAA10/TOAA10 O=—=1 22 54 («—=O P1RXD3
P33/SIF4/TIA11/TOAA11 O=— 23 53 [«—O P1RXD2
P34/SOF4/TIAA20/TOAA20 O~—= 24 52 [+—=O P1RXD1
P50/INTP07/DDI O=—= 25 51 =—=O P1RXDO
ONDVDPO-—ANTVONDVNO-ADTVON DD O
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3. uPD70F3837 only

Notes 1. Connect this pin to Vss in the normal mode.
2. Connect the REGC pin to Vssvia a 4.7 uF (recommend value) capacitor.
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CHAPTER 1

INTRODUCTION

Pin names

ADTRG:

ANIO to ANI9:
ASCKCO:

AVREFo:

AVss:

CRXDO0:

CTXDO:

DCK:

DDI:

DDO:

DMS:

DRST:

EVob:

EVTABA1:

EXCLK:

FLMDO, FLMD1:
INTPOO to INTP20:
KRO to KR7:

NMI:

P02, PO3:

P1COL, P1CRS,
P1MDC, P1MDIO,
P1RXCLK, P1RXDO to
P1RXD3, P1RXDV,
P1RXER,
P1TXCLK, P1TXDO to
P1TXD3, P1TXEN,
P1TXER:

P20 to P26:

P30 to P37:

P40 to P45:

P50 to P54:

P70 to P79:

P90 to P98,

P912 to P915:
PDLO to PDL10:
REGC:

RESET:

RTC1HZ, RTCCL,
RTCDIV:

A/D trigger input

Analog input
Asynchronous serial clock
Analog reference voltage
Grand for analog pin

CAN receive data

CAN transmit data

Debug clock

Debug data input

Debug data output

Debug mode select
Debug reset

Power supply for external pin
Timer event count input
External clock input

Flash programming mode
External interrupt input
Key return

Non-maskable interrupt request
Port 0

Ethernet PHY interface

Port 2
Port 3
Port 4
Port 5
Port 7
Port 9

Port DL

Regulator control

Reset

Real-time counter clock output

RTPOO to RTPO5:
RXDCO0 to RXDC3:
SCKFO0 to SCKF4
SCLO0O0 to SCL02:
SDAOQO to SDA02:
SIFO to SIF4
SOFO0 to SOF4
TECRO:

TENCO00, TENCO1:
TIAAQ0, TIAAO1,
TIAA10, TIAA11,
TIAA20, TIAA21,
TIAA30, TIAAS31,
TIAA40, TIAA41,
TIAB10 to TIAB13,
TITOO, TITO1:
TOAAO00, TOAAO1,
TOAA10, TOAA11,
TOAA20, TOAA21,
TOAA30, TOAA31,
TOAA40, TOAA41,
TOAB10 to TOAB13,
TOAB1B1 to TOAB1BS3,
TOAB1T1 to TOAB1TS3,
TOTOO, TOTO1:
TOAA1OFF,
TOAB10FF:
TRGABH1:

TXDCO to TXDC3:
UDMF:

UDPF:

UVob:

Vob:

Vss:

X1, X2:

XT1, XT2:

Real-time output port
Receive data

Serial clock

Serial clock

Serial data

Serial input

Serial output

Timer encoder clear input
Timer encoder input
Timer input

Timer output

Timer output off

Timer trigger input

Serial output

USB data I/O (=) function

USB data I/O (+) function
Power supply for external USB
Power supply

Ground

Crystal for main clock

Crystal for subclock
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V850ES/JES-E, VB50ES/JG3-E CHAPTER 1 INTRODUCTION
1.6 Function Block Configuration
1.6.1 Internal block diagram
¢ VB50ES/JE3-E
~ ROM RAM
i Timer/counter function Note1 Note2 k= bma k2> = ‘;chﬂﬁg?@tr
: : y 7~
: - : USB
16-eb\|/tetr|1rtner/ <:> CPU ) \ < function
H counter AB: PC
: 1 ch : 1— EXCLK
: : Multiplier 32-bit barrel
: : 11632 =] 7 shifter BCU DalaRAM
: : <>
. : (16 KB)
! TIAA0O,TIAA10, TIAA4O, 16-bit timer/ | * <>\ system
TIAAO1 event : register
! TOAAOO, TOAA Toﬁgkc/)\FF counter AA: 1<) ]
: 00, 10, 40 5c¢h : )| General-purpose ||
. TOAAO1 registers 32 bits x 32 |=—L—]
16-bit interval | {T
H timer M: K2
H 4 ch H O
: — : 9
H 16-bit timer/ |
. counter T:  [<2> ﬁ ﬁ
H 1ch H
: N Ports | AD
: WDT K converter ~— X1
: ; PLL
= HIRREREN ol
: : CG - xT1
: RTC KM |9 R & ¢ 5 & 8
: . O o o o O a o L XT2
: il & 2 2 ¢ §382 —
: : o o o ? £22 ~— RESET
: RTPOOto RTPO3 <= RTO KM & @ 4 < 9
: H o S
T T T . S z
! Serial interface function H 8
: : & Flash memory FLMDO
i RXDCO, RXDG2, RXDC3 = |\gre. | controller - —— FLMD1
:  TXDCO, TXDC2, TXDC3 <—— g K [ i Interruptfunction :
: ASCKCO —~ : ; NMI 5
: ] kf iNte ;
: SIF0, SIF2 : ; <—1INTPO1, ;
; SOF0, SOF2 OSIE e | INTPO7 0 INTP11§ =7 Regulator [~ Voo
: SCKF0, SCKF2 2ch : e J REGC
: SDA01, SDA02 ——>  JiCo: : ! Debug function ; — EVoo
: SCLO1,SCLo2 «— 2¢h [ | ! ~—DRST | — UVoo
: crxpo —[ can | A | ~—DMS ! Ve
' CTXDO ~— 1ch ; H DCU ~— DDI 1
S GEELE LT L TP T TP PP PP PR TR R 4 | -—DCK |
; —DDO !
- e m e
Notes 1. 4PD70F3826: 64 KB
1PD70F3827: 128 KB
#PD70F3828, 70F3829: 256 KB
2. uPD70F3826: 32 KB
1PD70F3827: 48 KB
#PD70F3828, 70F3829: 64 KB
3. uPD70F3829 only
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VB850ES/JES-E, V850ES/JG3-E CHAPTER 1 INTRODUCTION

* V850ES/JG3-E

_~ ROM RAM
: Timer/counter function : Ethernet
: : Note1 Note2 [K{ DMA K K
: TIAB10 to TIAB13, : controller
: EVTAB1, : y 7 —
: TRGAB1,—> o :
: TOABIOFF 16-bit fimer/ | & CPU X < function
. counter AB: [<w] PC 1
: TOAB10 to TOAB13 1.¢ch : EXCLK
: : Multiplier 32-bit barrel
! TOAB1T1 to TOAB1TS, : L) -
! TOAB1B1 to TOAB1B3 ; 1616 - 32 shifter BCU || Dataram
: TIAAOO to TIAA40 - : LLL)
: TIAAOT to TIAA4T, T—>) 16'eb\',tet,'1rper/ : > %’;.tsﬂ
5 TOAAooTO%/l(/iZg counter AA: 15 ]
: to , 5c¢h : || General-purpose | <
. TOAAOT to TOAA41 . registers 32 bits x 32 |——L—
: 16-bitinterval | N
! timer M: [
H 4 ch H O
! TECRO, TENC00, TENCO1 — : 5
: ’ : '—>| 16-bittimer/ | &
. TIT0O, TITO1 counter T: K5 ﬁ ﬁ ﬁ
: TOT00, TOTO1 <—— 1ch '
E <é> | Ports | A/D »
H WDT converter [
: ; -PLL
: RTC1HZ =] : CG | yrq
: RTccL-— RTC KM |2 2 R I ¢ & & 8
' RTCDIV =— a2 & § % ¢ %8 ¢« o2 — XT2
: e e 222 2 2 o E>2 ~— RESET
- ‘JleaRBgggege z<=
5 RTP0O to RTP05 < RTO <1 | o 5 & od o o < 9
L et a a =)
______________________________________________ o o b
H ' o -
+ Serial interface function H °
o Flash memory FLMDO
: RXDCO to RXDC3 = jar7c: [ & controller ~ f—— FLMD1
: TXDCOto TXDC3 <— “4' o i
: ASCKCO — H i Interrupt function i
: SIFO to SIF4 : : -~ NMI :
: . : INTC -
: SOFO0 to SOF4 CSIF: L] [T K—1INTP0O to INTP20 | Regulator Voo
: SCKFO to SCKF4 5ch : ; ° | REGC
' ' vJ Key return : -
5 sDA0to SDA02 = ico: L] [ function [ KROtoKR7 EVoo
: SCLO0toSCL02 «— 3¢ch [ | ; — UVoo
: : 1---------------------------l -------- h— VSS
: CRXDO —=| CANMNews: | . ; - ;
: CTXDO 1ch - : Debug function :
: : : ~—DRST
""""""""""""""""""""""""""""" | ~—DMS |
: DCU  [=—DDI
; -~—DCK
5 —DDO !
A o ___.1
Notes 1. xPD70F3834: 64 KB
#PD70F3835: 128 KB
#PD70F3836, 70F38373: 256 KB
2. uPD70F3834: 32 KB
#PD70F3835: 48 KB
#PD70F3836, 70F3837: 64 KB
3. uPD70F3837 only
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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 KB flash memory mapped to addresses 0000000H to OO3FFFFH/0000000H to
001FFFFH/0000000H to O00OFFFFH. It can be accessed from the CPU in one clock during instruction fetch.

(4) RAM
This is a 48/32/16 KB RAM mapped to addresses 3FFBOOOH to 3FFEFFFH/3FF7000H to 3FFEFFFH/3FF3000H to
3FFEFFFH/. It can be accessed from the CPU in one clock during data access. An 16 KB data-only RAM is
incorporated at addresses 00280000H to 00283FFFH.

(5) Interrupt controller (INTC)
This controller handles hardware interrupt requests (NMI, INTPOO to INTP20) from on-chip peripheral hardware
and external hardware. Eight levels of interrupt priorities can be specified for these interrupt requests, and
multiplexed 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 8.
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 AA (TAA), two-channel 16-bit timer/event counter AB (TAB), one-channel 16-
bit timer/event counter T (TMT), and four-channel 16-bit interval timer M (TMM) are provided on chip. The motor
control function can be realized using TAB1 and TAA4 in combination.

R0O1UH0232EJ0200 Rev.2.00 32

Mar 25, 2014 RENESAS



VB850ES/JES-E, V850ES/JG3-E CHAPTER 1 INTRODUCTION

(9) 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.

(10) Watchdog timer 2
A watchdog timer is provided on chip to detect inadvertent program loops, system abnormalities, etc.
The internal oscillation 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.

(11) Serial interface
The VB50ES/JE3-E and V850ES/JG3-E include eight kinds of serial interfaces (asynchronous serial interface C
(UARTC), 3-wire variable-length serial interface F (CSIF), an I’C bus interface (I°C), a CAN controller (CAN)"", a
USB function controller (USBF), and a Ethernet controller).
UARTC transfers data via the TXDCO to TXDC3 and RXDCO to RXDC3 pins.
CSIF transfers data via the SOF0 to SOF4, SIFO to SIF4, and SCKFO to SCKF4 pins.
I’C transfers data via the SDA0O to SDA0O2 and SCL00 to SCLO02 pins.
CAN"™" transfers data via the CRXD0""* and CTXDO0"* pins.
USBF transfers data via the UDMF and UDPF pins.
Ethernet transfers data via the P1COL, P1CRS, P1IMDC, P1MDIO, P1RXCLK, P1RXDO, P1RXD1, P1RXD2,
P1RXD3, P1RXDV, P1IRXER, P1TXCLK, P1TXDO, P1TXD1, P1TXD2, P1TXD3, P1TXEN, and P1TXER pins.

Note PD70F38290 and 70F3837 only

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

(13) DMA controller
A 4-channel DMA controller is provided on chip. This controller transfers data between the internal RAM, on-chip
peripheral I/0 devices in response to interrupt requests sent by on-chip peripheral 1/0 devices.

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

(15) 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.
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(16) CRC function
A CRC operation circuit that generates a 16-bit CRC (Cyclic Redundancy Check) code upon setting of 8-bit data
is provided on-chip.

(17) 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.

(18) Ports
The following general-purpose port functions and control pin functions are available.

* V850ES/JE3-E

Port I/0 Alternate Function
PO 1-bit /0 NMI
P2 1-bit I/O External interrupt
P3 5-bit 110 Serial interface, timer I/O
P4 3-bit 110 Serial interface, real-time output, timer /O
P5 5-bit 110 External interrupt, debug I/O
P7 10-bit I/O A/D converter analog input
PDL 1-bit /0 -

* V850ES/JG3-E

Port I/0 Alternate Function
PO 2-bit I/0 NMI, external interrupt, A/D converter trigger, external clock input
P2 7-bit I/0 Timer /O, serial interface, external interrupt, real-time counter
P3 8-bit 110 External interrupt, serial interface, timer I/O
P4 6-bit 110 Serial interface, real-time output, timer I/O
P5 5-bit I/O External interrupt, debug I/O
P7 10-bit I/O A/D converter analog input
P9 13-bit I/O Serial interface, key interrupt input, timer I/O, external interrupt
PDL 11-bit /O -
RO1UH0232EJ0200 Rev.2.00 34
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CHAPTER 2 PIN FUNCTIONS

2.1 List of Pin Functions

The names and functions of the pins of the VB50ES/JES-E and V850ES/JG3-E are described below.
There are three types of pin I/O buffer power supplies: AVrero, EVpp, and UVop. The relationship between these power
supplies and the pins is described below.

Table 2-1. Pin I/O Buffer Power Supplies (V850ES/JE3-E : 64-pin products)

Power Supply Corresponding Pins
AVRero Port 7

EVoo FSET ports 0 to 5, DL, FLMDO

UVop UDPF, UDMF

Table 2-2. Pin I/O Buffer Power Supplies (V850ES/JG3-E : 100-pin products)

Power Supply Corresponding Pins

AVRero Port 7
EVob RESET, ports 0 to 5, 9, DL, FLMDO
UVop UDPF, UDMF
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(1) Port pins

(1/2)
Pin Name Pin No. 110 Function Alternate Function
JE3E | JG3E
P02 3 3 /0 | Port O (Refer to 4. 3. 1) NMI
PO3 - 4 2-bit I/ port (VB50ESNG3-E) INTPOO/ADTRG/EXCLK
1-bit 1/O port (V850ES/JE3-E)
Input/output can be specified in 1-bit units.
P20 4 5 1/0 | Port 2 (Refer to 4. 3. 2) INTPO1
1-bit I/0 port (V850ES/JE3-E) c1HZ!
P22 — ’ Input/output can be specified in 1-bit units. RTC1HZ/INTP02
P23 - 16 SIF1/TXDC1/SDAQO/INTPO3
P24 - 17 SOF1/RXDC1/SDLO0/INTP04
P25 - 18 SCKF1/TIAA30/TOAA30
P26 - 19 TIAA31/TOAA31/INTP0O5
P30 13 20 1/0 | Port 3 (Refer to 4. 3. 3) TXDCO/SIF2/TIAA0O0/TOAAQ0
P31 14 21 8-bit /O port (VB50ES/JG3-E) RXDCO/SOF2/TIAA01/TOAAO1
5-bit 1/O port (V850ES/JE3-E) ——
P32 15 22 e . . ASCKCO0/SCKF2/TIAA10/TOAA10
Input/output can be specified in 1-bit units.
P33 - 23 SIF4/TXDBO/TIAA11/TOAA11
P34 - 24 SOF4/RXDBO0/TIAA20/TOAA20
P35 - 80 SCKF4/TIAA21/TOAA21/TOAA210FF/INTP06
P36 50 81 TXDC2/SDA02/CTXDO""
P37 51 82 RXDC2/SCL02/CRXD0""*
P40 52 85 1/0 | Port 4 (Refer to 4. 3. 4) SIFO/TXDC3/SDA01/RTPO0
P41 53 86 6-bit /0 port (VBS0ES/JG3-E) SOFO/RXDC3/SCLO1/RTPO1
3-bit 1/0 port (V850ES/JE3-E) p—
P42 54 87 e . . SCKFO/TIAA40/TOAA40/RTP0O2
Input/output can be specified in 1-bit units.
P43 - 88 RTPO3
P44 - 89 RTP04
P45 - 90 TIAA41/TOAA41/RTP0O5
P50 16 25 1/0 | Port 5 (Refer to 4. 3. 5) INTPO7/DDI
P51 17 26 5-bit /O port INTP08/DDO
Input/output can be specified in 1-bit units.
P52 18 27 INTP09/DCK
P53 19 28 INTP10/DMS
P54 20 29 INTP11/DRST
Note Internal CAN controller only
Remark JES3E:V850ES/JE3-E
JG3E: V850ES/JG3-E
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(2/2)
Pin Name Pin No. I/0 Function Alternate Function
JE3E | JG3E
P70 64 100 I/O | Port 7 (Refer to 4. 3. 6) ANIO
P71 63 99 10-bit I/O port AN
7o 2 98 Input/output can be specified in 1-bit units. ANI2
P73 61 98 ANI3
P74 60 97 ANI4
P75 59 95 ANI5
P76 58 94 ANI6
P77 57 93 ANI7
P78 56 92 ANI8
P79 55 91 ANI9
P90 - 72 I/O | Port9 (Referto 4.3.7) TOAB1T1/TOAB11/TIAB11/KRO/INTP12
P91 - 73 13-bit /O port (VB50ES/JG3-E) TOAB1B1/TIAB10/KR1/TOAB10
P92 - 74 Inputioutput can be spacified In 1-bit units. TOAB1T2/TOAB12/TIAB12/KR2/INTP13
P93 - 75 TOAB1B2/TRGAB1/KR3/INTP14
P94 - 76 TOAB1T3/TOAB13/TIAB13/KR4/INTP15
P95 - 77 TOAB1B3/EVTB1/KR5/INTP16
P96 - 40 TECRO/TITOO/KR6/TOT00
P97 - 41 TENCOO0/TITO1/KR7/TOTO1
P98 - 42 TENCO1/INTP17
P912 - 78 TOAB10OFF/INTP18/A12
P913 - 30 SIF3/INTP19
P914 - 31 SOF3/INTP20
P915 - 32 SCKF3
PDLO - 58 I/O | Port DL (Refer to 4. 3. 8) -
PDL1 _ 59 11-bit I/0 port (V850ES/JG3-E) _
bDL2 - 0 1-bit I/O port (V850ES/JE3.-'E) . o -
Input/output can be specified in 1-bit units.
PDL3 - 66 -
PDL4 - 67 -
PDL5 49 79 FLMD1
PDL6 - 83 -
PDL7 - 84 -
PDL8 - 33 -
PDL9 - 34 -
PDL10 - 43 -
Remark JE3E:V850ES/JES3-E
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V850ES/JES-E, VB50ES/JG3-E

CHAPTER 2 PIN FUNCTIONS

(2) Non-port Pins

(1/6)
Pin Name Pin No. /0 Function Alternate Function
JE3E | JG3E
ADTRG - 4 Input | External trigger input for A/D converter PO3/INTPOO/EXCLK
ANIO 64 100 Input | Analog voltage input for A/D converter P70
ANI1 63 99 P71
ANI2 62 98 P72
ANI3 61 97 P73
ANI4 60 96 P74
ANI5 59 95 P75
ANI6 58 94 P76
ANI7 57 93 P77
ANI8 56 92 P78
ANI9 55 91 P79
ASCKCO 15 22 Input | UARTCO baud rate clock input P32/SCKF2/TIAA10/TOAA10
AVREeFo 1 1 - Reference voltage input for A/D converter, -
Port ground potential
AVss 2 2 - Ground potential for A/D converters -
CRXDO 51 82 Input | CAN receive data input P37/RXDC2/SCL02
CTXDO 50 81 Output | CAN transmit data output P36/TXDC2/SDA02
DCK 18 27 Input | Clock input for on-chip debug P52/INTP09
DDI 16 25 Input | Data input for on-chip debug P50/INTPO7
DDO"* 17 26 | Output | Data output for on-chip debugging, P51/INTPO8
In the on-chip debug mode, high-level output
is forcibly set.
DMS 19 28 Input | Mode select signal input for on-chip P53/INTP10
debugging
DRST 20 29 Input | Reset signal input for on-chip debugging P54/INTP11
EVop 24,44 | 38,65 - Positive power supply for external devices -
(same potential as Vob)
EVTAB1 - 77 Input | TAB1 external event count input P95/TOAB1B3/KR5/INTP16
EXCLK - 4 Input | External USB clock signal input PO3/INTPOO/ADTRG
FLMDO 42 63 Input | Flash memory programming mode setting pin -
FLMD1 49 79 Input PDL5
Note In the on-chip debug mode, high-level output is forcibly set.
Remark JE3E:V850ES/JE3-E
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V850ES/JES-E, VB50ES/JG3-E

CHAPTER 2 PIN FUNCTIONS

(2/6)
Pin Name Pin No. /0 Function Alternate Function
JE3E | JG3E
INTPOO - 4 Input | External interrupt request input PO3/ADTRG/EXCLK
NTPO | 4 | 5 Analog e aimintion o dighal nise
INTPO2 - 7 elimination selectable for INTPO2 pin. P22/RTC1HZ
INTPO3 - 16 P23/SIF1/TXDC1/SDA0O
INTPO4 - 17 P24/SOF1/RXDC1/SDL00
INTPO5 - 19 P26/TIAA31/TOAA31
INTPO6 - 80 P35/SCKF4/TIAA21/TOAA21/TOAA1OFF
INTPO7 16 25 P50/DDI
INTPO8 17 26 P51/DDO
INTPO9 18 27 P52/DCK
INTP10 19 28 P53/DMS
INTP11 20 29 P54/DRST
INTP12 - 72 P90/TOAB1T1/TOAB11/TIAB11/KRO
INTP13 - 74 P92/TOAB1T2/TOAB12/TIAB12/KR2
INTP14 _ 75 P93/TOAB1B2/TRGAB1/KR3
INTP15 - 76 P94/TOAB1T3/TOAB13/TIAB13/KR4
INTP16 - 77 P95/TOAB1B3/EVTAB1/KR5
INTP17 - 42 P98/TENCO1
INTP18 - 78 P912/TOAB10FF
INTP19 - 30 P913/SIF3
INTP20 - 31 P914/SOF3
KRO - 72 Input | Key interrupt input (on-chip analog noise P90/TOAB1T1/TOAB11/TIAB11/INTP12
KR1 - 73 eliminator) P91/TOAB1B1/TIAB10/TOAB10
KR2 - 74 P92/TOAB1T2/TOAB12/TIAB12/INTP13
KR3 - 75 P93/TOAB1B2/TRGAB1/INTP14
KR4 - 76 P94/TOAB1T3/TOAB13/TIAB13/INTP15
KR5 - 77 P95/TOAB1B3/EVTAB1/INTP16
KR6 - 40 P96/TECRO/TITOO/TOTO0
KR7 - 41 P97/TENCO0/TITO1/TOTO1
NMI 3 3 Input | External interrupt input
(non-maskable, analog noise elimination)
Remark JE3E:V850ES/JE3-E
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V850ES/JES-E, VB50ES/JG3-E

CHAPTER 2 PIN FUNCTIONS

(3/6)
Pin Name Pin No. /0 Function Alternate Function
JE3E | JG3E
P1COL 46 69 Input | Conflict detection input for Ethernet -
P1CRS 45 68 Input | Carrier detection input for Ethernet -
P1MDC 47 70 Output | Serial transfer clock output -
P1MDIO 48 71 I/O Serial /0 -
P1RXCLK 39 57 Input | Receive clock input for Ethernet -
P1RXDO 33 51 Input | Receive data input for Ethernet -
P1RXD1 34 52 Input | Receive data input for Ethernet -
P1RXD2 35 53 Input | Receive data input for Ethernet -
P1RXD3 36 54 Input | Receive data input for Ethernet -
P1RXDV 37 55 Input | Receive data VALID input for Ethernet -
P1RXER 38 56 Input | Receive data error input for Ethernet -
P1TXCLK 32 50 Input | Transmit clock input for Ethernet -
P1TXDO 26 44 Output | Transmit data output for Ethernet -
P1TXD1 27 45 Output | Transmit data output for Ethernet -
P1TXD2 28 46 Output | Transmit data output for Ethernet -
P1TXD3 29 47 Output | Transmit data output for Ethernet -
P1TXEN 31 49 Output | Transmit data enable output for Ethernet -
P1TXER 30 48 Output | Transmit Error output for Ethernet -
REGC 6, 41 9, 62 - Connection of regulator output stabilization -
capacitance (4.7 uF: recommend value)
RESET 10 13 Input | System reset input -
RTC1HZ - 7 Output | Real-time counter correction clock (1 Hz) P22/INTP02
output
RTCCL - 6 Output | Real-time counter clock (32 kHz primary P21//RTCDIV
oscillation) output
RTCDIV - 6 Output | Real-time counter clock (32 kHz division) P21/RTCCL
output
RTP0OO 52 85 Output | Real-time output port P40/SIFO/TXDC3/SDAO1
RTPO1 53 86 N-ch open-drain output selectable P41/SOF0/RXDC3/SCLO1
RTPO2 54 87 P42/SCKFO/TIAA40/TOAA40
RTPO3 - 88 P43
RTPO4 - 89 P44
RTPO5 - 90 P45/TIAA41/TOAA41
RXDCO 14 21 Input | Serial receive data input (UARTCO to P31/SOF2/TIAA01/TOAAO1
RXDC1 _ 14 UARTCS) P24/SOF1/RXDC1/SDLOO/INTPO4
RXDC2 51 82 P37/SCL02/CRXD0""
RXDC3 53 86 P41/SOF0/SCLO1/RTPO1
Note Internal CAN controller only.
Remark JE3E:V850ES/JES3-E
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V850ES/JES-E, VB50ES/JG3-E

CHAPTER 2 PIN FUNCTIONS

(4/6)
Pin Name Pin No. l{e] Function Alternate Function
JE3E | JG3E
SCKFO 54 87 /0 | Serial clock I/O (CSIFO to CSIF4) P42/TIAA40/TOAA40/RTP02
SCKF1 - 18 P25/TIAA30/TOAA30
SCKF2 15 22 P32/ASCKCO/TIAA10/TOAA10
SCKF3 - 32 P915
SCKF4 - 80 P35/TIAA21/TOAA21/TOAA1OFF/INTPO6
SCLO00 - 17 I/0 | Serial clock I/O (I°C0O0 to 1°C02) P24/SOF1/RXDC1/INTP04
SCLO1 53 86 N-ch open-drain output selectable P41/SOFO/RXDC3/RTPO1
SCLO2 51 82 P37/RXDC2/CRXD0""*
SDA00O 16 1/0 Serial transmit/receive data 1/0 (°C00 to P23/SIF1/TXDC1/INTP0O3
SDAo! 52 8 Il\zlc-:c?hzz)pen-drain output selectable PAO/SIFO/TXDCS/RTPO0
SDA02 50 81 P36/TXDC2/CTXD0""
SIFO 52 85 Input | Serial receive data input (CSIFO to CSIF4) P40/TXDC3/SDA01/RTPO0
SIF1 - 16 P23/TXDC1/SDA00/INTP0O3
SIF2 13 20 P30/TXDCO/TIAAOO/TOAAQO
SIF3 - 30 P913/INTP19
SIF4 - 23 P33/TIAA11/TOAA11
SOFO0 53 86 Output | Serial transmit data output (CSIFO to CSIF4) | P41/RXDC3/SCL01/RTPO1
SOF1 - 17 P24/RXDC1/SDLOO/INTP04
SOF2 14 21 P31/RXDCO/TIAA01/TOAAO1
SOF3 - 31 P914/INTP20
SOF4 - 24 P34/TIAA20/TOAA20
TECRO - 40 Input | TMTO encoder clear input P96/TITO0/KR6/TOTO0
TENCO0 - 41 Input | Encoder input/external event count input/ P97/TITO1/KR7/TOTO1
external trigger input
TENCO1 - 42 Input | Encoder input P98/INTP17
TIAAOO 13 20 Input | External event count input/capture trigger P30/TXDCO0/SIF2/TOAA00
input/external trigger input (TAAQ)
TIAAO1 14 21 Input | Capture trigger input (TAAO) P31/RXDCO/SOF2/TOAA01
TIAA10 15 22 Input | External event count input/capture trigger P32/ASCKCO/SCKF2/TOAA10
input/external trigger input (TAA1)
TIAA1A1 - 23 Input | Capture trigger input (TAA1) P33/SIF4/TXDBO/TOAA11
TIAA20 - 24 Input | External event count input/capture trigger P34/SOF4/RXDB0/TOAA20
input/external trigger input (TAA2)
TIAA21 - 80 Input | Capture trigger input (TAA2) P35/SCKF4/TOAA21/TOAA1OFF/INTP06
TIAA30 - 18 Input | External event count input/capture trigger P25/SCKF1/TOAA30
input/external trigger input (TAA3)
TIAA31 - 19 Input | Capture trigger input (TAA3) P26/TOAA31/INTPO5
Note Internal CAN controller only.
Remark JE3E:V850ES/JES3-E
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V850ES/JES-E, VB50ES/JG3-E

CHAPTER 2 PIN FUNCTIONS

(5/6)
Pin Name Pin No. /0 Function Alternate Function
JE3E | JG3E
TIAA40 54 87 Input | External event count input/capture trigger P42/SCKFO/TOAA40/RTPO2
input/external trigger input (TAA4)
TIAA41 - 90 Input | Capture trigger input (TAA4) P45/TOAA41/RTPO5
TIAB10 - 73 Input | Capture trigger input/external event count P91/TOAB1B1/KR1/TOAB10
input/external trigger input (TAB1)
N-ch open-drain output selectable
TIAB11 - 72 Input | Capture trigger input (TAB1) P90/TOAB1T1/TOAB11/KRO/INTP12
TIAB12 _ 74 | Input | N-chopen-drain output selectable P92/TOAB1T2/TOAB12/KR2/INTP13
TIAB13 - 76 Input P94/TOAB1T3/TOAB13/KR4/INTP15
TITOO - 40 Input | TMTO capture trigger input P96/TECRO/KR6/TOT00
TITO1 _ 41 | Input | N-ohopen-drain output selectable P97/TENCO0/KR7/TOTO1
TOAAO00 13 20 Output | Timer output (TAAO) P30/TXDCO/SIF2/TIAA0O
TOAAO1 14 21 N-ch open-drain output selectable P31/RXDCO/SOF2/TIAAOA
TOAA10 15 22 | Output | Timer output (TAA1) P32/ASCKCO/SCKF2/TIAA10
TOAA11 ~ 23 N-ch open-drain output selectable P33/SIF4/TXDBO/TIAA1 1
TOAA1OFF - 80 Input | TAA1 high-impedance output control signal P35/SCKF4/TIAA21/TOAA21/INTPO6
input
TOAA20 - 24 Output | Timer output (TAA2) P34/SOF4/TIAA20
ToAA21 | _ 80 N-ch open-drain output selectable P35/SCKF4/TIAA21/TOAATOFF/INTP06
TOAA30 - 18 | Output | Timer output (TAA3) P25/SCKF1/TIAA30
TOAA31 ~ 19 N-ch open-drain output selectable P26/TIAA31/INTPO5
TOAA40 54 87 | Output | Timer output (TAA4) P42/SCKFO/TIAA40/RTP02
TOAA4 ~ 90 N-ch open-drain output selectable P45/TIAA41/RTPO5
TOAB10 - 73 Output | Timer output (TAB1) P91/TOAB1B1/TIAB10/KR1
TOAB11 | - 72 N-ch open-drain output selectable P9O/TOAB1T1/TIAB11/KRO/INTP12
TOAB12 - 74 P92/TOAB1T2/TIAB12/KR2/INTP13
TOAB13 - 76 P94/TOAB1T3/TIAB13/KR4/INTP15
TOAB1B1 - 73 Output | Pulse signal output for 6-phase PWM low- P91/TIAB10/KR1/TOAB10
TOAB1B2| 75 arm of TAB P93/ TRGAB1/KR3/INTP14
N-ch open-drain output selectable
TOAB1B3 - 77 P95/EVTAB1/KR5/INTP16
TOAB10OFF - 78 Input | TAB1 high-impedance output control signal P912/INTP18
input
TOAB1B1 - 72 Output | Pulse signal output for 6-phase PWM high- P90/TOAB11/TIAB11/KRO/INTP12
TOAB1B2| 74 arm of TAB P92/TOAB12/TIAB12/KR2/INTP13
N-ch open-drain output selectable
TOAB1B3 - 76 P94/TOAB13/TIAB13/KR4/INTP15
TOTO0 - 40 Output | Timer output (TMTO) P96/TECRO/TITO0/KR6
TOTO1 _ a1 N-ch open-drain output selectable P97/TENCOO/TITO1/KR7
TRGAB1 75 Input | External trigger input of TAB1 P93/TOAB1B2/KR3/INTP14
N-ch open-drain output selectable
Remark JES3E:V850ES/JE3-E
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V850ES/JES-E, VB50ES/JG3-E

CHAPTER 2 PIN FUNCTIONS

(6/6)
Pin Name Pin No. /0 Function Alternate Function
JE3E | JG3E
TXDCO 13 20 Output | Serial transmit data output (UJARTCO to P30/SIF2/TIAA00/TOAAQQ
TXDCH - 16 UARTC3) - P23/SIF1/SDAOO/INTPO3
N-ch open-drain output selectable
TXDC2 50 81 P36/SDA02/CTXD0O""
TXDC3 52 85 P40/SIFO/SDA01/RTP00
UDMF 21 35 1/0 USB data I/0 (=) function -
UDPF 22 36 USB data I/O (+) function -
UVop 23 37 - 3.3V positive power supply for USB -
Vob 5, 40 8, 61 - Positive power supply pin for internal unit -
Vss 7,25, | 10, 39, - Ground potential for internal unit -
43 64
X1 8 11 Input | Connecting resonator for main clock -
X2 9 12 - -
XT1 11 14 Input | Connecting resonator for subclock -
XT2 12 15 - -
Note Internal CAN controller only.
Remark JE3E:V850ES/JE3-E
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CHAPTER 2 PIN FUNCTIONS

2.2 Pin States

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

Table 2-3. Pin Operation Status in Each Operation Mode

Pin Name When Power Is During Reset HALT Mode"*? IDLET, IDLE2, STOPMode"***
Turned On™*' (Other than When Sub-IDLE
Power Is Turned On) Mode"**?
DRST Pull down Pull down™*® Held Held Held
DDO Undefined Hi-Z""* Held Held Held
Other port pins Hi-Z Hi-Z Held Held Held

Notes 1. Duration until 1 ms elapses after the supply voltage reaches the operating supply voltage range (lower limit)
when the power is turned on.

2. Operates while alternate functions are operating.

3. Pulled down during external reset. During internal reset by the watchdog timer or clock monitor, etc., the state
of this pin differs according to the OCDM.OCDMO bit setting.
4. In the on-chip debug mode, data is output from the DDO pin.

Remark Hi-Z High impedance

Held: The state during the immediately preceding external bus cycle is held.
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V850ES/JES-E, VB50ES/JG3-E

CHAPTER 2 PIN FUNCTIONS

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

(1/3)
Pin Name Alternate Function Pin number 1/0 Circuit Type Recommended Connection
JE3E | JG3E
P02 NMI 3 3 10-D Input:  Independently connect to EVoo or
P03 INTPOO/ADTRG/EXCLK - 4 Vss via a resistor.
Output: Leave open.
P20 INTPO1 4 5 10-D Input: Independently connect to EVop or
P21 RTCDIV/RTCCL - 6 Vss via a resistor.
Qutput: Leave open.
P22 RTC1HZ/INTP02 - 7
P23 SIF1/TXDC1/SDA00/INTP0O3 - 16
P24 SOF1/RXDC1/SDLO0/INTP04 - 17
P25 SCKF1/TIAA30/TOAA30 - 18
P26 TIAA31/TOAA31/INTPO5 - 19
P30 TXDCO/SIF2/TIAA0O0/TOAAQ0 13 20 10-D Input:  Independently connect to EVoo or
P31 RXDCO/SOF2/TIAA01/TOAAO1 14 21 Vss via a resistor.
Output: Leave open.
P32 ASCKCO/SCKF2/TIAA10/TOAA10 15 22
P33 SIF4/TXDBO/TIAA11/TOAA1A - 23
P34 SOF4/RXDBO/TIAA20/TOAA20 - 24
P35 SCKF4/TIAA21/TOAA21/ - 80
TOAA1OFF/INTP06
P36 TXDC2/SDA02/CTXDO""* 50 81
P37 RXDC2/SCL02/CRXDO"* 51 82
P40 SIFO/TXDC3/SDA01/RTPO0O 52 85 10-D Input:  Independently connect to EVoo or
P41 SOF0/RXDC3/SCLO1/RTPO1 53 86 Vss via a resistor.
p— Qutput: Leave open.
P42 SCKFO/TIAA40/TOAA40/RTP02 54 87
P43 RTPO3 - 88 5-K
P44 RTPO4 - 89
P45 TIAA41/TOAA41/RTP05 - 90 5
P50 INTPO7/DDI 16 25 10-D Input:  Independently connect to EVop or
P51 INTP0O8/DDO 17 26 Vss via a resistor.
Output: Leave open.
P52 INTP09/DCK 18 27
P53 INTP10/DMS 19 28
P54 INTP11/DRST 20 29 10-N Input:  Independently connect to Vss via
a resistor. Fixing to Voo level is
prohibited.
Output: Leave open.
Internally pulled down after reset
by RESET pin.
Note Internal CAN controller only

Remark JE3E:V850ES/JE3-E

JG3E: V850ES/JG3-E
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CHAPTER 2 PIN FUNCTIONS

(213)
Pin Name Alternate Function Pin number  (I/O Circuit Type Recommended Connection
JE3E | JG3E
P70 ANIO 64 100 11-G Input: Independently connect to
P71 AN 63 99 AVRrero or AVss via a resistor.
P72 ANI2 62 98 Output: Leave open.
P73 ANI3 61 97
P74 ANI4 60 96
P75 ANI5 59 95
P76 ANI6 58 94
P77 ANI7 57 93
P78 ANI8 56 92
P79 ANI9 55 91
P90 TOAB1T1/TOAB11/TIAB11/KRO/INTP12 - 72 10-D Input: Independently connect to
P91 TOAB1B1/TIAB10/KR1/TOAB10 - 73 EVoo or Vss via a resistor.
P92 TOAB1T2/TOAB12/TIAB12/KR2/INTP13 - 74 Output: - Leave open.
P93 TOAB1B2/TRGAB1/KR3/INTP14 - 75
P94 TOAB1T3/TOAB13/TIAB13/KR4/INTP15 - 76
P95 TOAB1B3/EVTB1/KR5/INTP16 - 77
P96 TECRO/TITO0/KR6/TOT0O0 - 40
P97 TENCOO0/TITO1/KR7/TOTO1 - 41
P98 TENCO1/INTP17 - 42
P912 TOAB10OFF/INTP18 - 78
P913 SIF3/INTP19 - 30
P914 SOF3/INTP20 - 31
P915 SCKF3 - 32
PDLO - - 58 5 Input: Independently connect to
PDL1 _ _ 59 EVoo or Vss via a resistor.
PDL2 B _ 60 Output: Leave open.
PDL3 - - 66
PDL4 - - 67
PDL5 FLMD1 49 79
PDL6 - - 83
PDL7 - - 84
PDLS8 - - 33
PDL9 - - 34
PDL10 - - 43

Remark JE3E:V850ES/JE3-E
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V850ES/JES-E, VB50ES/JG3-E

CHAPTER 2 PIN FUNCTIONS

(3/3)
Pin Name Alternate Function Pin number  {I/O Circuit Type Recommended Connection
JE3E | JG3E

P1COL - 46 69 5 Independently connect to EVop or Vss via

P1CRS _ 45 68 5 a resistor.

P1MDC - 32 50 5

P1MDIO - 47 70 5-AG

P1RXCLK - 48 71 5

P1RXDO - 39 57 5

P1RXD1 - 33 51 5

P1RXD2 - 34 52 5

P1RXD3 - 35 53 5

P1RXDV - 36 54 5

P1RXER - 37 55 5

P1TXCLK - 38 56 5

P1TXDO - 26 44 5

P1TXD1 - 27 45 5

P1TXD2 - 28 46 5

P1TXD3 - 29 47 5

P1TXEN - 31 49 5

P1TXER - 30 48 5

AVrero - 1 1 - Directly connect to Voo and always supply
power. (The same applies during standby.)

AVss - 2 2 - Always directly connect to ground. (The
same applies during standby.)

EVop - 24,44 | 38,65 - Directly connect to Voo and always supply
power.

FLMDO - 42 63 - Directly connect to Vss in other than flash
mode.

REGC - 6, 41 9, 62 - Connect to regulator output stabilization
capacitor (4.7 uF (recommend value)).

RESET - 8 13 2 -

UDMF - 21 35 - Leave open.

UDPF - 22 36 - Leave open.

UVop - 23 37 - Directly connect to Voo and always supply
power. (The same applies during standby.)

Voo - 5,40 8, 61 - Directly connect to Voo and always supply
power. (The same applies during standby.)

Vss - 7,25, 40| 10, 39, - Always directly connect to ground. (The

64 same applies during standby.)

X1 - 8 11 - -

X2 - 9 12 - -

XT1 - 11 14 16-C Connect to Vss via a resistor.

XT2 - 12 15 16-C Leave open.

Remark JE3E:V850ES/JE3-E
JG3E: V850ES/JG3-E
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CHAPTER 2 PIN FUNCTIONS

Figure 2-1. Pin I/O Circuits

Type 2 Type 10-D EVoo
Data 40:D3_| P-ch
IN —O
Open drain IN/OUT
Output N-ch
disable
s ) . . - Note Vss
Schmitt-triggered input with hysteresis characteristics
=
Input
enable
Type 5 T N
ype 10-N
EVob EVob
Data — Data ——— P-ch
——CO IN/OUT »—O
Open drain IN/OUT
Output N-ch P N-ch
disable Output
disable
Vss Note Vss
- |
Input Input
enable enable  56oMo bit 4| N-ch
Type 5-K
EVop
data Type 11-G AVRrero
O INOUT Data ———+—{% [~ pen
output N-ch > o
disable IN/OUT
Output N-ch
Vss disable
o AVss
input
enable
Comparator P-ch
]
Type 5-AG _‘ % T N-ch
VREeFo AVss
| (Threshold voltage)
pull-up |
enbl > M
Voo Input enable
data 7:DO_| P-ch Type 16-C
Feedback cut-off
IN/OUT
P-ch
output N-ch
disable
Vss %O
input DO
enable i
O
XT1 XT2

Note Hysteresis characteristics are not available in port mode.
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VB850ES/JES-E, V850ES/JG3-E CHAPTER 2 PIN FUNCTIONS

2.4 Cautions

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

« P51/INTP08/DDO pin

RO1UHO0232EJ0200 Rev.2.00 49
Mar 25, 2014 RENESANAS



VB850ES/JES-E, V850ES/JG3-E CHAPTER 3 CPU FUNCTION

CHAPTER 3 CPU FUNCTION

The CPU of the VB50ES/JE3-E and V850ES/JGS3-E is based on RISC architecture and executes almost all instructions
with one clock by using a 5-stage pipeline.

3.1 Features

O Minimum instruction execution time: 20 ns (operating with main clock (fxx) of 50 MHz: Voo = 2.85 to 3.6 V)
30.5 us (operating with subclock (fxt) of 32.768 kHz)
O Memory space Program (physical address) space: 64 MB linear
Data (logical address) 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

e CLR1

e NOT1

¢ TST1
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3.2 CPU Register Set

The registers of the V850ES/JE3-E and V850ES/JG3-E 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 V850ES Architecture User’s Manual.

(1) Program register set (2) System register set

31 0 31 0
r0 (Zero register) EIPC (Interrupt status saving register)

1 (Assembler-reserved register) EIPSW (Interrupt status saving register)

r3 (Stack pointer (SP)) FEPC  (NMI status saving register)

r4 (Global pointer (GP)) FEPSW (NMI status saving register)
r5 (Text pointer (TP))

| ECR (Interrupt source register) |

| PSW (Program status word) |

CTPC  (CALLT execution status saving register)

CTPSW (CALLT execution status saving register)

r13
r14
r15
r16
17 CTBP  (CALLT base pointer) |
r18

r19

r20

r21

r22

r23

r24

r25

r26

r27

r28

r29

r30 (Element pointer (EP))
r31 (Link pointer (LP))

DBPC  (Exception/debug trap status saving register)

DBPSW (Exception/debug trap status saving register)

31 0
| 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
ro 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
r5 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

Fixed to 0

L L L L
Instruction address during program execution

o

Default value
00000000H
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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)"*’ N N
1 Interrupt status saving register (EIPSW)"*’ v S
2 NMI status saving register (FEPC)""" N N
3 NMI status saving register (FEPSW)"*' N \/
4 Interrupt source register (ECR) x \/
5 Program status word (PSW) v N
6to 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) v S
18 Exception/debug trap status saving register (DBPC) rete2 rete2
19 Exception/debug trap status saving register (DBPSW) rete2 o2
20 CALLT base pointer (CTBP) v v
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 22.8 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 RET]I 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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(2) 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.
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.

FEPC

FEPSW

31 2625
N B O B B O S O O B B
o|ofojojo|o0 (Contents of saved PC)
31 8 7
T ‘(C‘ 1 \f\
ontents o
o|0o|j0j0|0O|0O|0O|O|0O|O(O|O|O|O|O|O|O|O|O|O|O|O|0O]|O saved PSW)

Default value
OXXXXXXXH
(x: Undefined)

Default value
000000xxH
(x: Undefined)

3

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
cor I T \FE\CC\ [ B B B I I I B \EIC\:C I I I B Default value
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)

PSW

876543210
I

RFU Nplep|ip lswroylov|s | 2| Default value

00000020H

Bit position

Flag name

Meaning

31t08

RFU

Reserved field. Fixed to 0.

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: NMl is being serviced.

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.

Indicates whether a maskable interrupt can be acknowledged.
0: Interrupt enabled
1: Interrupt disabled

S ATNo!e

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

cYy

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.

OvNcle

Indicates whether an overflow occurs during operation.
0: Overflow does not occur.
1: Overflow occurs.

S Note

Indicates whether the result of an operation is negative.
0: The result is positive or 0.
1: The result is negative.

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 QV flag is set to 1 when a saturation operation is

Negative (maximum value is not exceeded)

before operation

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

(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).

CTPC

CTPSW

31 2625 0
T 1 1 1 T 1 1 1 1 T 1T 1T 1 T 1T 1 11
0 0 (Saved PC contents) Default value
OxxxxxxxH
(x: Undefined)
31 8 7 0
1 1 T 1 11
(Saved PSW Default value
0 0|0 0oj0|0|0|O|O o|o0jofo(0]|0 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/JE3-E and V850ES/JG3-E have the following operation modes.

(1) Normal operation mode
In this mode, each pin related to the bus interface is set to the port mode after system reset has been released.
Execution branches to the reset entry address of the internal ROM, and then instruction processing is started.

(2) Flash memory programming mode
In this mode, the internal flash memory can be programmed by using a flash programmer.

(3) On-chip debug mode
The V850ES/JES3-E and V850ES/JG3-E are provided with an on-chip debug function that employs the JTAG (Joint
Test Action Group) communication specifications.
For details, see CHAPTER 31 ON-CHIP DEBUG FUNCTION.

3.3.1 Specifying operation mode

Specify the operation mode by using the FLMDO and FLMD1 pins.

In the normal mode, make sure that a low level is input to the FLMDO pin when reset is released.

In the flash memory programming mode, a high level is input to the FLMDO pin from the flash programmer if a flash
programmer is connected, but it must be input from an external circuit in the self-programming mode.

Operation When Reset Is Released Operation Mode After Reset
FLMDO FLMD1
L X Normal operation mode
H L Flash memory programming mode
H H Setting prohibited

Remark L: Low-level input
H: High-level input
x: Don’t care
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CHAPTER 3 CPU FUNCTION
3.4.1

CPU address space

For instruction addressing, up to a combined total of 1 MB of 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
of bits 31 to 26.

MB physical address space. This means that the same 64 MB physical address space is accessed regardless of the value

Figure 3-1. Image on Address Space
Image 63
4 GB Lo
Data space
r’ Peripheral I/O area
Program space R
Use-prohibited area e Image 1 . Internal RAM area
Internal RAM area
64 MB
: Use-prohibited area
Use-prohibited area 64 MB
Image 0 L
Internal ROM area
1MB Internal ROM area ’
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3.4.2 Wraparound of CPU address space

(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. The
higher 6 bits ignore a carry or borrow from bit 25 to 26 during branch address calculation.
Therefore, the highest address of the program space, 03FFFFFFH, and the lowest address, 00000000H, are
contiguous addresses. That the highest address and the lowest address of the program space are contiguous in

this way is called wraparound.

Caution Because the 4 KB area of addresses 03FFF000H to 03FFFFFFH is an on-chip peripheral I/0 area,
instructions cannot be fetched from this area. Therefore, do not execute an operation in which
the result of a branch address calculation affects this area.

00000001H Program space
00000000H
(+) direction (-) direction
03FFFFFFH
03FFFFFEH
Program space

(2) 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.

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

The areas shown below are reserved in the V850ES/JE3-E and V850ES/JG3-E.

Figure 3-2. Data Memory Map (Physical Addresses)

03FFFFFFH

03FECO000H

(80 KB)

On-chip peripheral 1/0O area
(4 KB)

03FEBFFFH

00400000H

Use prohibited

Internal RAM area
(60 KB)

Use prohibited°te !

Programmable peripheral
I/0O areahete?
use prohibitedN°te3

003FFFFFH

00200000H

USB function/
Ethernet used area
(Refer to Figure3-3.)

......

001FFFFFH

00000000H

(2 MB)

Use prohibited

Internal ROM area
(1 MB)

03FFFFFFH

03FFFO00H
03FFEFFFH

03FF0000H
03FEFFFFH

03FEF000H
03FEEFFFH

03FECO000H

001FFFFFH

00100000H
000FFFFFH

00000000H

Notes 1. Use of addresses O3FEFO00OH to O3FEFFFFH is prohibited because they overlap an on-chip
peripheral I/O area.

2. The programmable peripheral I/O area is seen as 256 MB areas in the 4 GB address space.

3. In on-chip CAN controller products, addresses 03FECO00H to O3FEEFFFH are assigned to
addresses 03FECO00H to O3FECBFFH as a programmable peripheral I/O area. In other products,

use of this area is prohibited.
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Figure 3-3. Memory Map of USB function/Ethernet

02FFFFFFH Access-prohibited D
005F0003H
002F0000H Bridge-rerated register
002FFFFFH
Access-prohibited
area
SHE: > acones
; access space
88% Egg E gn MACAD register
88§E8$SEH MFF register
002E0000H EtherMAC register
002EFFFFH
Access-prohibited
area
002C00000H <
002BFFFFH
Access-prohibited 16 bits
area > access space
002840000H
00283FFFFH
Data-only RAM (16 KB)
00280000H J
0027FFFFH
USB function area
(512 KB)
00000000H
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Figure 3-4. Program Memory Map

03FFFFFFH

03FFFOO00H
03FFEFFFH

03FF0000H
03FEFFFFH

[N e)
oo
O -
Mo
mo
mo
mo
IT

00000000H

Use prohibited
(program fetch prohibited area)

Internal RAM area (60 KB)

Use prohibited
(program fetch prohibited area)

Internal ROM area
(1 MB)

RO1UH0232EJ0200 Rev.2.00

Mar 25, 2014

RENESAS

64



VB850ES/JES-E, V850ES/JG3-E CHAPTER 3 CPU FUNCTION

3.4.4 Areas

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

(a) Internal ROM (64 KB)
64 KB are allocated to addresses 00000000H to 000FFFFH in the following products.
Accessing addresses 00040000H to 000FFFFFH is prohibited.

e 1PD70F3826, 70F3834

Figure 3-5. Internal ROM Area (64 KB)

000FFFFFH
-~ Access-prohibited I~
area
00010000H
0000FFFFH
Internal ROM
(64 KB)
00000000H

(b) Internal ROM (128 KB)

128 KB are allocated to addresses 00000000H to 0001FFFFH in the following products.

Accessing addresses 00020000H to 000FFFFFH is prohibited.

» 1PD70F3827, 70F3835

Figure 3-6. Internal ROM Area (128 KB)

000FFFFFH
-~ Access-prohibited I~
area
00020000H
0001FFFFH
Internal ROM
(128 KB)
00000000H
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(c) Internal ROM (256 KB)

256 KB are allocated to addresses 00000000H to 0003FFFFH in the following products.

Accessing addresses 00040000H to 000FFFFFH is prohibited.

¢ 1PD70F3828, 70F3829, 70F3836, 70F3837

Figure 3-7. Internal ROM Area (256 KB)

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

)

(2) Internal RAM area
Up to 60 KB are reserved as the internal RAM area.
The V850ES/JE3-E and V850ES/JG3-E include a data-only RAM in addition to the internal RAM.
The RAM capacity of VB50ES/JE3-E and V850ES/JG3-E is as follows.

Table 3-3 RAM area

Generic Name Product Name Internal RAM Data-only RAM Total RAM
V850ES/JE3-E | 4xPD70F3826 16 KB 16 KB 32 KB
1PD70F3827 32 KB 16 KB 48 KB
uPD70F3828, 70F3829 48 KB 16 KB 64 KB
V850ES/JG3-E | 4xPD70F3834 16 KB 16 KB 32 KB
1PD70F3835 32 KB 16 KB 48 KB
uPD70F3836, 70F3837 48 KB 16 KB 64 KB
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(a) Internal RAM (16 KB)
An internal RAM area of 16 KB is allocated to addresses 03FFBOOOH to O3FFEFFFH in the following products.

Accessing addresses 03FFO000H to 03FFAFFFH is prohibited.

o 1PD70F3826, 70F3834

Figure 3-8. Internal RAM Area (16 KB)

Physical address space Logical address space
03FFEFFFH FFFFEFFFH
Internal RAM
(16 KB)
03FFBOOOH FFFFBOOOH
03FFAFFFH FFFFAFFFH

J

~ Access-prohibited -
area

((

03FF0000H FFFF0000H

(b) Internal RAM (32 KB)
An internal RAM area of 32 KB is allocated to addresses 03FF7000H to 03FFEFFFH in the following products
Accessing addresses 03FFO000H to 03FF6FFFH is prohibited.

¢ 1/PD70F3827, 70F3835

Figure 3-9. Internal RAM Area (32 KB)

Physical address space Logical address space
03FFEFFFH FFFFEFFFH
Internal RAM
(32 KB)
03FF7000H FFFF7000H
03FF6FFFH FFFF6FFFH

J

-~ Access-prohibited -
area

03FF0000H FFFFO000H

((
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(c) Internal RAM (48 KB)
An internal RAM area of 48 KB is allocated to addresses 03FF3000H to 03FFEFFFH in the following products.

Accessing addresses 03FFO000H to 03FF2FFFH is prohibited.

» 14 PD70F3828, 70F3829, 70F3836, 70F3837

Figure 3-10. Internal RAM Area (48 KB)

Physical address space Logical address space
03FFEFFFH FFFFEFFFH
Internal RAM

(48 KB)
03FF3000H FFFF3000H
03FF2FFFH FFFF2FFFH

-~ Access-prohibited -

area

03FFO0000H FFFFO000H

(3) Data-only RAM (16 KB)
A data-only RAM area of 16 KB is allocated to addresses 00280000H to 00283FFFH in the V850ES/JE3-E and

V850ES/JG3-E.
Accessing addresses 3FFO000H to 03FF2FFFH is prohibited.

Figure 3-11. Data-Only RAM Area (16 KB)

Logical address space

Access-prohibited
area

00282000H
Data-only RAM 00281FFFH
(16 KB) 00280000H

Access-prohibited [0027FFFFH
area
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(4) On-chip peripheral I/O area
4 KB of addresses 03FFFO00H to 03FFFFFFH are reserved as the on-chip peripheral I/O area.

Figure 3-12. On-Chip Peripheral I/0 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 register is accessed in word units, a word area is accessed twice in halfword units in

the order of lower area and higher area, with the lower 2 bits of the address ignored.

2. If a register that can be accessed in byte units is accessed in halfword units, the higher 8 bits
are undefined when the register is read, and data is written to the lower 8 bits.

3. Addresses not defined as registers are reserved for future expansion. The operation is
undefined and not guaranteed when these addresses are accessed.

4. The internal ROM/RAM area and on-chip peripheral I/O area are assigned to successive
addresses.
When accessing the internal ROM/RAM area by incrementing or decrementing addresses
using a pointer operation or such, 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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3.4.5 Recommended use of address space

The architecture of the V850ES/JE3-E and V850ES/JG3-E 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 03FFO000H to 03FFEFFFH 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 /0 area does not occur.

(2) Data space
With the VB50ES/JES3-E and V850ES/JG3-E, it seems that there are sixty-four 64 MB address spaces on the 4 GB
CPU address space. Therefore, the least significant bit (bit 25) of a 26-bit address is sign-extended to 32 bits and
allocated as an address.
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(a) Application example of wraparound

If R = rO (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.

Example: ;PD70F3837

0003FFFFH

00007FFFH

(R=)00000000H

FFFFFOO0OH
FFFFEFFFH

FFFF8000H

FFFF3000H

Internal ROM area

32 KB

On-chip peripheral
I/O area

4 KB

Internal RAM area

28 KB
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Figure 3-13. Recommended Memory Map

Program space Data space
FFFFFFFFH
On-chip
peripheral /0
FFFFFO0OH | ... .
FFFFEFFFH
Internal RAM
_________________ - FFFFFFFFH
FFFFOOOOH [ _______________| ) On-chip
FFFEFFFFH peripheral /0
FFFFFOOOH
‘ FFFFEFFFH
Internal RAM
’ N R FFFF3000H
- = == = N FFFF2FFFH
04000000H L * FFFFOOOOH
03FFFFFFH FFFEFFFFH
Use prohibited
03FFFOOOH
03FFEFFFH
Use prohibited
Internal RAM
03FF0000H
03FEFFFFH
Program space
64 MB
Use prohibited
00100000H
000FFFFFH
Internal ROM
00000000H
/:1":,"
00100000H R
00040000k ’
0003FFFFH [ ¥ a0 amm ---1.1"Internal ROM
00000000H ¢ Internal ROM L
Remarks 1. # indicates the recommended area.
2. This figure is the recommended memory map of the 4PD70F3837.
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3.4.6 Peripheral I/O registers

(1/13)
Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFF004H Port DL register PDL R/W v | 0000H"""
FFFFFO04H | Port DL register L PDLL S v 00H" "'
FFFFFOO5H | Port DL register H PDLH «/ v 00H"™"
FFFFF024H Port DL mode register PMDL N | FFFFH
FFFFF024H | Port DL mode register L PMDLL \ v FFH
FFFFF025H | Port DL mode register H PMDLH J y FFH
FFFFF064H Peripheral 1/O area select control register*™®® BPC"™"® \' | 0000H
FFFFFO6EH System wait control register VSWC v 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 \' | 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
FFFFF092H DMA source address register 2H DSA2H v | 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 \' | Undefined
FFFFFOC2H DMA transfer count register 1 DBC1 v | Undefined
FFFFFOC4H DMA transfer count register 2 DBC2 v | Undefined
FFFFFOC6H DMA transfer count register 3 DBC3 \' | Undefined
FFFFFODOH DMA addressing control register 0 DADCO N | 0000H
FFFFFOD2H DMA addressing control register 1 DADC1 \' | 0000H
FFFFFOD4H DMA addressing control register 2 DADC2 \' | 0000H
FFFFFOD6H DMA addressing control register 3 DADC3 N | 0000H
FFFFFOEQH DMA channel control register 0 DCHCO S v 00H
FFFFFOE2H DMA channel control register 1 DCHC1 «/ v 00H
FFFFFOE4H DMA channel control register 2 DCHC2 \/ v 00H
FFFFFOE6H DMA channel control register 3 DCHC3 S v 00H

Notes 1 The output latch is 00H or 0000H. When these registers are in the input mode, the pin statuses are read.
2. 4PD70F3829 and 70F3887 only
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(2/13)
Address Function Register Name Symbol R/W  [Manipulatable Bits| Default Value
1 8 16
FFFFF100H Interrupt mask register 0 IMRO R/W N |FFFFH
FFFFF100H | Interrupt mask register OL IMROL N \ FFH
FFFFF101H | Interrupt mask register OH IMROH v R FFH
FFFFF102H Interrupt mask register 1 IMR1 N |FFFFH
FFFFF102H | Interrupt mask register 1L IMR1L Nl FFH
FFFFF103H | Interrupt mask register 1H IMR1H v Y FFH
FFFFF104H Interrupt mask register 2 IMR2 \ | FFFFH
FFFFF104H | Interrupt mask register 2L IMR2L v R FFH
FFFFF105H | Interrupt mask register 2H IMR2H N \ FFH
FFFFF106H Interrupt mask register 3 IMR3 \ | FFFFH
FFFFF106H | Interrupt mask register 3L IMR3L v \ FFH
FFFFF107H | Interrupt mask register 3H IMR3H N oW FFH
FFFFF108H Interrupt mask register 4 IMR4 N |FFFFH
FFFFF108H | Interrupt mask register 4L IMR4L y J FFH
FFFFF109H | Interrupt mask register 4H IMR4H v \ FFH
FFFFF10AH Interrupt mask register 5 IMR5 N |FFFFH
FFFFF10AH | Interrupt mask register 5L IMR5L N oW FFH
FFFFF10BH | Interrupt mask register 5H IMR5H v \ FFH
FFFFF10CH Interrupt mask register 6 IMR6 N |FFFFH
FFFFF10CH | Interrupt mask register 6L IMR6L v \ FFH
FFFFF10DH | Interrupt mask register 6H IMR6H \/ \ FFH
FFFFF10EH Interrupt mask register 7 IMR7 N | 001FH
FFFFF10EH | Interrupt mask register 7L IMR7L v Y 1FH
FFFFF110H Interrupt control register LvIIC N \ 47H
FFFFF112H Interrupt control register PIC00 N \ 47H
FFFFF114H Interrupt control register PICO1 v \ 47H
FFFFF116H Interrupt control register PIC02 v \ 47H
FFFFF118H Interrupt control register PICO3 v \ 47H
FFFFF11AH Interrupt control register PIC04 v Y 47H
FFFFF11CH Interrupt control register PIC0O5 N \/ 47H
FFFFF11EH Interrupt control register PIC06 v R 47H
FFFFF120H Interrupt control register PIC07 v \ 47H
FFFFF122H Interrupt control register PIC08 N \ 47H
FFFFF124H Interrupt control register PIC09 \/ \ 47H
FFFFF126H Interrupt control register PIC10 v \ 47H
FFFFF128H Interrupt control register PIC11 v R 47H
FFFFF12AH Interrupt control register PIC12 v \ 47H
FFFFF12CH Interrupt control register PIC13 N N 47H
FFFFF12EH Interrupt control register PIC14 v \ 47H
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(3/13)
Address Function Register Name Symbol R/W  [Manipulatable Bits| Default Value
1 8 16
FFFFF130H Interrupt control register PIC15 RW | v | ¥ 47H
FFFFF132H Interrupt control register PIC16 3 J 47H
FFFFF134H Interrupt control register PIC17 \/ J 47H
FFFFF136H Interrupt control register PIC18 v \ 47H
FFFFF138H Interrupt control register PIC19 v J 47H
FFFFF13AH Interrupt control register PIC20 \/ J 47H
FFFFF150H Interrupt control register TAB10OVIC N \/ 47H
FFFFF152H Interrupt control register TAB1CCICO N J 47H
FFFFF154H Interrupt control register TAB1CCIC1 N \/ 47H
FFFFF156H Interrupt control register TAB1CCIC2 N \/ 47H
FFFFF158H Interrupt control register TAB1CCIC3 v J 47H
FFFFF15AH Interrupt control register TTOOVIC v J 47H
FFFFF15CH Interrupt control register TTOCCICO N \ 47H
FFFFF15EH Interrupt control register TTOCCIC1 N \ 47H
FFFFF160H Interrupt control register TTOIECIC N \ 47H
FFFFF162H Interrupt control register TAAOQVIC \/ J 47H
FFFFF164H Interrupt control register TAAOCCICO N \ 47H
FFFFF166H Interrupt control register TAAOCCIC1 N \ 47H
FFFFF168H Interrupt control register TAA1QVIC \/ J 47H
FFFFF16AH Interrupt control register TAA1CCICO N \ 47H
FFFFF16CH Interrupt control register TAA1CCIC1 N S 47H
FFFFF16EH Interrupt control register TAA20VIC N \ 47H
FFFFF170H Interrupt control register TAA2CCICO v \ 47H
FFFFF172H Interrupt control register TAA2CCIC1 v J 47H
FFFFF174H Interrupt control register TAA30OVIC N N 47H
FFFFF176H Interrupt control register TAA3CCICO N \ 47H
FFFFF178H Interrupt control register TAA3CCICH v J 47H
FFFFF17AH Interrupt control register TAA40QVIC N \ 47H
FFFFF17CH Interrupt control register TAA4CCICO N S 47H
FFFFF17EH Interrupt control register TAA4CCICA N \ 47H
FFFFF186H Interrupt control register TMOEQICO v J 47H
FFFFF188H Interrupt control register TM1EQICO N \ 47H
FFFFF18AH Interrupt control register TM2EQICO N \ 47H
FFFFF18CH Interrupt control register TM3EQICO N S 47H
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Note PD70F3829 and 70F3887 only

(4/13)
Address Function Register Name Symbol R/W  [Manipulatable Bits| Default Value
1 8 16
FFFFF196H Interrupt control register CFORIC/ICICY | RW | J 47H
/UC3RIC
FFFFF198H Interrupt control register CFOTIC/UC3TIC v \ 47H
FFFFF19AH Interrupt control register CF1RIC/lICICO V J 47H
/UC1RIC
FFFFF19CH Interrupt control register CF1TIC/UCITIC N \ 47H
FFFFF19EH Interrupt control register CF2RIC/UCORIC N \ 47H
FFFFF1AQH Interrupt control register CF2TIC/UCOTIC N \ 47H
FFFFF1A2H Interrupt control register CF3RIC v \/ 47H
FFFFF1A4H Interrupt control register CF3TIC \/ J 47H
FFFFF1ACH Interrupt control register CF4RIC \/ J 47H
FFFFF1AEH Interrupt control register CF4TIC v J 47H
FFFFF1BEH Interrupt control register IICIC2/UC2RIC \/ J 47H
FFFFF1COH Interrupt control register UC2TIC \/ J 47H
FFFFF1C4H Interrupt control register ADIC N \ 47H
FFFFF1C6H Interrupt control register DMAICO \/ J 47H
FFFFF1C8H Interrupt control register DMAICA v J 47H
FFFFF1CAH Interrupt control register DMAIC2 N \ 47H
FFFFF1CCH Interrupt control register DMAICS3 \/ J 47H
FFFFF1CEH Interrupt control register KRIC v J 47H
FFFFF1DOH Interrupt control register RTCOIC \/ J 47H
FFFFF1D2H Interrupt control register RTCH1IC \/ J 47H
FFFFF1D4H Interrupt control register RTC2IC N \/ 47H
FFFFF1D6H Interrupt control register UFICO v v 47H
FFFFF1D8H Interrupt control register UFIC1 v J 47H
FFFFF1DAH Interrupt control register ETMRXIC N \/ 47H
FFFFF1DCH Interrupt control register ETMTXIC \/ J 47H
FFFFF1DEH Interrupt control register ETMRQIC v J 47H
FFFFF1EOH Interrupt control register ETMFSIC \/ J 47H
FFFFF1E2H Interrupt control register ETMTSIC \/ J 47H
FFFFF1E4H Interrupt control register ETMRSIC oY 47H
FFFFF1E6H Interrupt control register ETMOVIC \/ J 47H
FFFFF1E8SH Interrupt control register ETBERIC v \ 47H
FFFFF1ECH Interrupt control register ERRICO"" v J 47H
FFFFF1EEH Interrupt control register wupico ™ v J 47H
FFFFF1FOH Interrupt control register RECICO"**® v J 47H
FFFFF1F2H Interrupt control register TRXICO"*® v v 47H
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(5/13)
Address Function Register Name Symbol R/W  |Manipulatable Bits| Default Value
1 8 16
FFFFF1FAH In-service priority register ISPR R v \ 00H
FFFFF1FCH Command register PRCMD w \ Undefined
FFFFF1FEH Power save control register PSC RW | + \ 00H
FFFFF200H A/D converter mode register 0 ADAOMO v R O0H
FFFFF201H A/D converter mode register 1 ADAOM!1 v \ 00H
FFFFF202H A/D converter channel specification register ADAOS N \ 00H
FFFFF203H A/D converter mode register 2 ADAOM2 v \ 00H
FFFFF204H Power-fail compare mode register ADAOPFM \/ \ 00H
FFFFF205H Power-fail compare threshold value register ADAOPFT N \/ 00H
FFFFF210H A/D conversion result register 0 ADAOCRO R v | Undefined
| FFFFF211H | A/D conversion result register OH ADAOCROH \ Undefined
FFFFF212H A/D conversion result register 1 ADAOCRH1 v | Undefined
| FFFFF213H | A/D conversion result register 1H ADAOCR1H \ 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 ADAOCR3H \ Undefined
FFFFF218H A/D conversion result register 4 ADAOCR4 v | Undefined
| FFFFF219H | A/D conversion result register 4H ADAOCR4H \ 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 \ Undefined
FFFFF21EH A/D conversion result register 7 ADAOCR7 v | Undefined
| FFFFF21FH | A/D conversion result register 7H ADAOCR7H J Undefined
FFFFF220H A/D conversion result register 8 ADAOCRS8 v | Undefined
| FFFFF221H | A/D conversion result register 8H ADAOCR8H \ Undefined
FFFFF222H A/D conversion result register 9 ADAOCR9 v | Undefined
| FFFFF223H | A/D conversion result register 9H ADAOCR9H \ Undefined
FFFFF300H Key return mode register KRM N \ 00H
FFFFF308H Selector operation control register 0 SELCNTO v Y 00H
FFFFF310H CRC input register CRCIN \ 00H
FFFFF312H CRC data register CRCD N | 0000H
FFFFF320H Prescaler mode register 1 PRSM1 v \ 00H
FFFFF321H Prescaler compare register 1 PRSCM1 S 00H
FFFFF324H Prescaler mode register 2 PRSM2 N \ 00H
FFFFF325H Prescaler compare register 2 PRSCM2 \ 00H
FFFFF328H Prescaler mode register 3 PRSM3 N S OO0H
FFFFF329H Prescaler compare register 3 PRSCM3 \ 00H
FFFFF340H IIC division clock select register 0 OCKSO0 \ 00H
FFFFF344H IIC division clock select register 1 OCKS1 \ 00H
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(6/13)
Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFF400H Port 0 register PO RW | v | 00H"™"*
FFFFF404H Port 2 register P2 v N 00H™™*
FFFFF406H Port 3 register P3 v \/ 00H"™"
FFFFF408H Port 4 register P4 N | 0000OH"™"*
FFFFF408H | Port 4 register L P4L N OOH"*
FFFFF409H | Port 4 register H P4H v v 00H™*
FFFFF40AH Port 5 register P5 N | 0000H""*
FFFFF40EH Port 7 register L P7L y J 00H""
FFFFF40FH Port 7 register H P7H y S 00H™™*
FFFFF412H Port 9 register P9 N | 0000H" "
FFFFF412H | Port 9 register L PoL v \ 00H""
FFFFF413H | Port 9 register H P9H y J 00H™™*
FFFFF420H Port 0 mode register PMO \ \/ FFH
FFFFF424H Port 2 mode register PM2 v \ FFH
FFFFF426H Port 3 mode register PM3 N FFH
FFFFF428H Port 4 mode register PM4 \ | FFFFH
FFFFF42AH Port 5 mode register PM5 \ | FFFFH
FFFFF42EH Port 7 mode register L PM7L N FFH
FFFFF42FH Port 7 mode register H PM7H v v FFH
FFFFF432H Port 9 mode register PM9 \ | FFFFH
FFFFF432H | Port 9 mode register L PM9IL y J FFH
FFFFF433H | Port 9 mode register H PM9H 3 v FFH
FFFFF440H Port 0 mode control register PMCO y J 00H
FFFFF444H Port 2 mode control register PMC2 \ \/ 00H
FFFFF446H Port 3 mode control register PMC3 NN 00H
FFFFF448H Port 4 mode control register PMC4 N | 0000H
FFFFF44AH Port 5 mode control register PMC5 N | 0000H
FFFFF452H Port 9 mode control register PMC9 v | 0000H
FFFFF452H | Port 9 mode control register L PMCOL y J 00H
FFFFF453H | Port 9 mode control register H PMC9H 3 v 00H
FFFFF460H Port O function control register PFCO y J 00H
FFFFF464H Port 2 function control register PFC2 y J 00H
FFFFF466H Port 3 function control register PFC3 NN 00H
FFFFF468H Port 4 function control register PFC4 N | 0000H
FFFFF46AH Port 5 function control register PFC5 v | 0000H
FFFFF472H Port 9 function control register PFC9 N | 0000H
FFFFF472H | Port 9 function control register L PFCOL y \ 00H
FFFFF473H | Port 9 function control register H PFC9H y J 00H
FFFFF484H Data wait control register 0 DWCO N | 7777H
FFFFF488H Address wait control register AWC \ | FFFFH
FFFFF48AH Bus cycle control register BCC v | AAAAH

Note The output latch is 00H or 0000H. When these registers are input, the pin statuses are read.
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(713)
Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFF560H TAB1 control register 0 TAB1CTLO RW | + \ 00H
FFFFF561H TAB1 control register 1 TAB1CTL1 Nl 00H
FFFFF562H TAB1 1/O control register 0 TAB110CO v R 00H
FFFFF563H TAB1 I/O control register 1 TAB110C1 v \ 00H
FFFFF564H TAB1 1/O control register 2 TAB110C2 v R 00H
FFFFF565H TAB1 option register 0 TAB10OPTO N \ 00H
FFFFF566H TAB1 capture/compare register 0 TAB1CCRO v | 0000H
FFFFF568H TAB1 capture/compare register 1 TAB1CCR1 N | 0000H
FFFFF56AH TAB1 capture/compare register 2 TAB1CCR2 v | 0000H
FFFFF56CH TAB1 capture/compare register 3 TAB1CCRS3 N | 0000H
FFFFF56EH TAB1 counter read buffer register TAB1CNT R N | 0000H
FFFFF570H TAB1 I/O control register 4 TAB1I0C4 RW | N | 00H
FFFFF580H TAB1 option register 1 TAB1OPT1 v \ 00H
FFFFF581H TAB1 option register 2 TAB10PT2 N \ 00H
FFFFF582H TAB1 1/O control register 3 TAB110C3 v R A8H
FFFFF584H TAB1 dead time compare register 1 TAB1DTC N | 0000H
FFFFF590H High impedance output control register 0 HZAOCTLO N \ 00H
FFFFF591H High impedance output control register 1 HZACTL1 v R O0H
FFFFF5A0H TAAO noise elimination control register TANFCO v \ 00H
FFFFF5A2H TAA1 noise elimination control register TANFC1 N \ 00H
FFFFF5A4H TAA2 noise elimination control register TANFC2 v R 00H
FFFFF5A6H TAA3 noise elimination control register TANFC3 N \ 00H
FFFFF5A8H TAA4 noise elimination control register TANFC4 N \ 00H
FFFFF5ACH TMT noise elimination control register TTNFC v \ 00H
FFFFF5BOH Noise elimination control register INTNFC N \ 00H
FFFFF600H TMTO control register 0 TTOCTLO v R 00H
FFFFF601H TMTO control register 1 TTOCTLA N \ 00H
FFFFF602H TMTO control register 2 TTOCTL2 N oW 00H
FFFFF603H TMTO I/O control register 0 TT0IOCO v R 00H
FFFFF604H TMTO I/O control register 1 TTOIOCH1 N \ 00H
FFFFF605H TMTO I/O control register 2 TT0IOC2 Nl 00H
FFFFF606H TMTO /O control register 3 TTOIOC3 N \ OO0H
FFFFF607H TMTO option register 0 TTOOPTO N S O0H
FFFFF608H TMTO option register 1 TTOOPTA v \ 00H
FFFFF60AH TMTO capture/compare register 0 TTOCCRO N | 0000H
FFFFF60CH TMTO capture/compare register 1 TTOCCR1 v | 0000H
FFFFF60EH TMTO counter read buffer register TTOCNT R N | 0000H
FFFFF610H TMTO counter write register TTOTCW R/W N | 0000H
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Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFF630H TAAO control register 0 TAAOCTLO | RW | ~ | 00H
FFFFF631H TAAO control register 1 TAAOCTLA N \/ 00H
FFFFF632H TAAO /O control register 0 TAA0IOCO N \ OO0H
FFFFF633H TAAO 1/O control register 1 TAA0IOC1 N \ 00H
FFFFF634H TAAO I/O control register 2 TAAOIOC2 v R 00H
FFFFF635H TAAO option register 0 TAAOOPTO N S O0H
FFFFF636H TAAO capture/compare register 0 TAAOCCRO v | 0000H
FFFFF638H TAAO capture/compare register 1 TAAOCCR1 N | 0000H
FFFFF63AH TAAO counter read buffer register TAAOCNT R N | 0000H
FFFFF63CH TAAO /O control register 4 TAAOIOC4 R/W N \ 00H
FFFFF63DH | TAAO option register 1 TAAOOPT1 Nl W 00H
FFFFF640H TAA1 control register 0 TAA1CTLO N \ 00H
FFFFF641H TAA1 control register 1 TAA1CTLA v \ 00H
FFFFF642H TAAT1 1/O control register 0 TAA110CO N \ 00H
FFFFF643H TAA1 I/O control register 1 TAA1I0C1 v R 00H
FFFFF644H TAA1 I/O control register 2 TAA1I0C2 N \ 00H
FFFFF645H TAA1 option register 0 TAA1OPTO v R O0H
FFFFF646H TAA1 capture/compare register 0 TAA1CCRO N | 0000H
FFFFF648H TAAT capture/compare register 1 TAA1CCR1 v | 0000H
FFFFF64AH TAA1 counter read buffer register TAA1CNT R N | 0000H
FFFFF64CH TAA1 1/O control register 4 TAA1I0C4 RW | + \ 00H
FFFFF650H TAA2 control register 0 TAA2CTLO v R 00H
FFFFF651H TAA2 control register 1 TAA2CTLA v \ 00H
FFFFF652H TAA2 1/O control register 0 TAA2I0CO N oW 00H
FFFFF653H TAA2 1/O control register 1 TAA2I0C1 v \ 00H
FFFFF654H TAA2 1/O control register 2 TAA2I0C2 N oW 00H
FFFFF655H TAA2 option register 0 TAA20PTO v \ 00H
FFFFF656H TAA2 capture/compare register 0 TAA2CCRO v | 0000H
FFFFF658H TAA2 capture/compare register 1 TAA2CCR1 N | 0000H
FFFFF65AH TAAZ2 counter read buffer register TAA2CNT R N | 0000H
FFFFF65CH | TAA2 I/O control register 4 TAA2I0C4 RW | N | 00H
FFFFF65DH TAA2 option register 1 TAA20PT1 v \ 00H
FFFFF660H TAA3 control register 0 TAA3CTLO N \/ 00H
FFFFF661H TAA3 control register 1 TAA3CTLA v \ 00H
FFFFF662H TAAS3 I/O control register 0 TAA3IOCO N \ 00H
FFFFF663H TAAS3 1/O control register 1 TAA3IOC1 N \ 00H
FFFFF664H TAA3 I/O control register 2 TAA3IOC2 N \ 00H
FFFFF665H TAA3 option register 0 TAA3OPTO v \ 00H
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(9/13)
Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16

FFFFF666H TAAS capture/compare register 0 TAA3CCRO R/W v | 0000H
FFFFF668H TAAS3 capture/compare register 1 TAA3CCR1 v | 0000H
FFFFF66AH TAAS counter read buffer register TAA3CNT R v | 0000H
FFFFF66CH TAA3 I/O control register4 TAA3IOC4 RW | + v 00H
FFFFF670H TAA4 control register 0 TAA4CTLO NN 00H
FFFFF671H TAA4 control register 1 TAA4CTL1 v v O00H
FFFFF672H TAA4 1/O control register 0 TAA4I0CO NN 00H
FFFFF673H TAA4 1/O control register 1 TAA4I0C1 v v 00H
FFFFF674H TAA4 |/O control register 2 TAA410C2 N v O0H
FFFFF675H TAA4 option register 0 TAA40OPTO v v 00H
FFFFF676H TAA4 capture compare register 0 TAA4CCRO v | 0000H
FFFFF678H TAA4 capture compare register 1 TAA4CCR1 v | 0000H
FFFFF67AH TAA4 counter read buffer register TAA4CNT R \' | 0000H
FFFFF67CH TAA4 1/O control register 4 TAA4I0C4 RW | + v O0H
FFFFF6COH Oscillation stabilization time select register OSTS v 06H
FFFFF6C1H PLL lockup time specification register PLLS v 03H
FFFFF6DOH Watchdog timer mode register 2 WDTM2 v 67H
FFFFF6D1H Watchdog timer enable register WDTE v 9AH
FFFFF6EOH Real-time output buffer register OL RTBLO N v 00H
FFFFF6E2H Real-time output buffer register OH RTBHO v v 00H
FFFFF6E4H Real-time output port mode register 0 RTPMO N v 00H
FFFFF6E5H Real-time output port control register 0 RTPCO N v 00H
FFFFF700H Port 0 function control expansion register PFCEOQ v v O0H
FFFFF704H Port 2 function control expansion register PFCE2 N v 00H
FFFFF706H Port 3 function control expansion register PFCE3 v v O00H
FFFFF708H Port 4 function control expansion register L PFCEA4L N v O0H
FFFFF712H Port 9 function control expansion register PFCE9 \' | 0000H

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

FFFFF713H Port 9 function control expansion register H PFCESH N v O00H
FFFFF802H System status register SYs N v O0H
FFFFF80CH Internal oscillation mode register RCM NN O0H
FFFFF810H DMA trigger factor register 0 DTFRO v v 00H
FFFFF812H DMA trigger factor register 1 DTFR1 N v O0H
FFFFF814H DMA trigger factor register 2 DTFR2 N v O0H
FFFFF816H DMA trigger factor register 3 DTFR3 v v O0H
FFFFF820H Power save mode register PSMR N v O0H
FFFFF822H Clock control register CKC v v 0AH
FFFFF824H Lock register LOCKR R N v O0H
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Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16
FFFFF828H Processor clock control register PCC RW | v 03H
FFFFF82CH PLL control register PLLCTL S v 01H
FFFFF82EH CPU operation clock status register CCLS R N v 00H
FFFFF870H Clock monitor mode register CLM RW | v 00H
FFFFF888H Reset source flag register RESF N v 00H
FFFFF890H Low-voltage detection register LVIM S v 00H
FFFFF892H Internal RAM data status register RAMS VoW 01H
FFFFF8BOH Prescaler mode register 0 PRSMO \/ v 00H
FFFFF8B1H Prescaler compare register 0 PRSCMO v 00H
FFFFF9FCH On-chip debug mode register OCDM \ v 01H
FFFFFAOOH UARTCO control register 0 UCOCTLO S v 10H
FFFFFAO1H UARTCO control register 1 UCOCTL1 v 00H
FFFFFAO2H UARTCO control register 2 UCOCTL2 v FFH
FFFFFAO3H UARTCO option control register 0 UCOOPTO RW | v 14H
FFFFFA04H UARTCO status register UCOSTR \/ v 00H
FFFFFAO6H UARTCO receive data register UCORX R N | 01FFH
‘ FFFFFAO6H | UARTCO receive data register L UCORXL v FFH
FFFFFAO8H UARTCO transmit data register UCoTX R/W N |O1FFH
‘ FFFFFAO8H | UARTCO transmit data register L UCOTXL v FFH
FFFFFAOAH UARTCO option control register 1 UCOOPT1 \/ v O00H
FFFFFA10H UARTCH1 control register 0 UC1CTLO S v 10H
FFFFFA11H UARTCH1 control register 1 UC1CTL1 v 00H
FFFFFA12H UARTC1 control register 2 UC1CTL2 v FFH
FFFFFA13H UARTCH1 option control register 0 UC10PTO «/ v 14H
FFFFFA14H UARTCH status register UC1STR \/ v 00H
FFFFFA16H UARTCH1 receive data register UC1RX R N | 01FFH
‘ FFFFFA16H | UARTC1 receive data register L UC1RXL v FFH
FFFFFA18H UARTC1 transmit data register UC1TX R/W N |O1FFH
‘ FFFFFA18H | UARTC1 transmit data register L UC1TXL v FFH
FFFFFA1AH UARTC1 option control register 1 UC10PT1 \/ v O00H
FFFFFA20H UARTC?2 control register 0 UC2CTLO N oA 10H
FFFFFA21H UARTC2 control register 1 UC2CTL1 v 00H
FFFFFA22H UARTC2 control register 2 UC2CTL2 v FFH
FFFFFA23H UARTC2 option control register O UC20PTO N v 14H
FFFFFA24H UARTC?2 status register UC2STR \/ v 00H
FFFFFA26H UARTC2 receive data register UC2RX R \ | 01FFH
‘ FFFFFA26H | UARTC2 receive data register L UC2RXL v FFH
FFFFFA28H UARTC2 transmit data register ucatXx R/W N |O1FFH
‘ FFFFFA28H | UARTC2 transmit data register L UC2TXL v FFH
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Address Function Register Name Symbol R/W |Manipulatable Bits| Default Value
1 8 16

FFFFFA2AH UARTC2 option control register 1 UC20PT1 RW | v 00H
FFFFFA30H UARTCS3 control register 0 UC3CTLO VoW 10H
FFFFFA31H UARTCS control register 1 UC3CTL1 v O0H
FFFFFA32H UARTCS control register 2 UC3CTL2 v FFH
FFFFFA33H UARTCS option control register 0 UC30PTO \/ v 14H
FFFFFA34H UARTCS status register UC3STR «/ v 00H
FFFFFA36H UARTCS receive data register UC3RX R N |O1FFH

‘ FFFFFA36H | UARTC3 receive data register L UC3RXL v FFH
FFFFFA38H UARTCS transmit data register UC3TX R/W \' |O1FFH

‘ FFFFFA38H | UARTC3 transmit data register L UC3TXL v FFH
FFFFFA3AH UARTCS3 option control register 1 UC30PT1 VoW 00H
FFFFFA80H TMMO control register 0 TMOCTLO VoW 00H
FFFFFA84H TMMO compare register 0 TMOCMPO \' | 0000H
FFFFFA90H TMM1 control register 0 TM1CTLO VoW 00H
FFFFFA94H TMM1 compare register 0 TM1CMPO \' | 0000H
FFFFFAAOH TMM2 control register 0 TM2CTLO N oA O0H
FFFFFAA4H TMM2 compare register 0 TM2CMPO N | 0000H
FFFFFABOH TMMS3 control register 0 TM3CTLO S v 00H
FFFFFAB4H TMMS3 compare register 0 TM3CMPO v | 0000H
FFFFFADOH Sub-count register RC1SUBC R \' | 0000H
FFFFFAD2H Second count register RC1SEC R/W v 00H
FFFFFAD3H Minute count register RC1MIN v O00H
FFFFFAD4H Hour count register RC1HOUR v 12H
FFFFFAD5H Week count register RC1WEEK v 00H
FFFFFAD6H Day count register RC1DAY v 01H
FFFFFAD7H Month count register RC1MONTH v 01H
FFFFFADSH Year count register RC1YEAR v O00H
FFFFFAD9H Time error correction register RC1SUBU N oA O0H
FFFFFADAH Alarm minute set register RC1ALM v 00H
FFFFFADBH Alarm time set register RC1ALH v 12H
FFFFFADCH | Alarm week set register RC1ALW VoW 00H
FFFFFADDH RTC control register 0 RC1CCO0 \/ v 00H
FFFFFADEH RTC control register 1 RC1CCH \ v 00H
FFFFFADFH RTC control register 2 RC1CC2 \/ v 00H
FFFFFAEOH RTC control register 3 RC1CC3 S v 00H
FFFFFBEOH | Ethernet control register MIICTL VoW 00H
FFFFFCOOH External interrupt falling edge specification register 0 | INTFO S v O00H
FFFFFCO4H External interrupt falling edge specification register 2 | INTF2 J y 00H
FFFFFCO6H External interrupt falling edge specification register 3 | INTF3 \/ v O00H
FFFFFCOAH External interrupt falling edge specification register 5 | INTF5 v 00H
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Address Function Register Name Symbol R/W  |Manipulatable Bits| Default Value
1 8 16
FFFFFC12H External interrupt falling edge specification register 9 | INTF9 R/W \' | 0000H
FFFFFC12H | External interrupt falling edge specification register 9L INTFOL N N 00H
FFFFFC13H | External interrupt falling edge specification register 9H | INTFOH \/ v O00H
FFFFFC20H External interrupt rising edge specification register 0 | INTRO \ v O0H
FFFFFC24H External interrupt rising edge specification register 2 | INTR2 \/ v O00H
FFFFFC26H External interrupt rising edge specification register 3 | INTR3 S v O00H
FFFFFC2AH External interrupt rising edge specification register 5 | INTR5 N 00H
FFFFFC32H External interrupt rising edge specification register 9 | INTR9 \' | 0000H
FFFFFC32H | External interrupt rising edge specification register 9L | INTR9IL \/ v 00H
FFFFFC33H | External interrupt rising edge specification register 9H | INTR9H \/ v O00H
FFFFFC60H Port 0 function register PFO «/ v 00H
FFFFFC64H Port 2 function register PF2 N N O0H
FFFFFC66H Port 3 function register PF3 S v 00H
FFFFFC68H Port 4 function register PF4 N | 0000H
FFFFFC6AH Port 5 function register PF5 \' | 0000H
FFFFFC72H Port 9 function register PF9 v | 0000H
FFFFFC72H | Port 9 function register L PFIL \/ v 00H
FFFFFC73H | Port 9 function register H PFOH S v O0H
FFFFFCCAH Product select code register H PRDSELH R v | 0000H
FFFFFDOOH CSIFO control register 0 CFOCTLO RW | N | N 01H
FFFFFDO1H CSIFO control register 1 CFOCTLA1 \ v O0H
FFFFFDO2H CSIFO0 control register 2 CFOCTL2 v O0H
FFFFFDO3H CSIFO status register CFOSTR v N 00H
FFFFFDO4H CSIFO receive data register CFORX R v | 0000H
| FFFFFDO4H | CSIFO receive data register L CFORXL N 00H
FFFFFDOGH CSIFO0 transmit data register CFOTX R/W \' | 0000H
| FFFFFDO6H | CSIFO transmit data register L CFOTXL N 00H
FFFFFD10H CSIF1 control register 0 CF1CTLO S v O1H
FFFFFD11H CSIF1 control register 1 CF1CTL1 VoW 00H
FFFFFD12H CSIF1 control register 2 CF1CTL2 v O00H
FFFFFD13H CSIF1 status register CF1STR \ v O0H
FFFFFD14H CSIF1 receive data register CF1RX R v | 0000H
| FFFFFD14H | CSIF1 receive data register L CF1RXL v O00H
FFFFFD16H CSIF1 transmit data register CF1TX R/W v | 0000H
| FFFFFD16H | CSIF1 transmit data register L CF1TXL v O00H
FFFFFD20H CSIF2 control register 0 CF2CTLO y 01H
FFFFFD21H CSIF2 control register 1 CF2CTLA1 \/ v 00H
FFFFFD22H CSIF2 control register 2 CF2CTL2 v O00H
FFFFFD23H CSIF2 status register CF2STR VoW 00H
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Address Function Register Name Symbol R/W  |Manipulatable Bits| Default Value
1 8 16
FFFFFD24H CSIF2 receive data register CF2RX R \' | 0000H
‘ FFFFFD24H | CSIF2 receive data register L CF2RXL N 00H
FFFFFD26H CSIF2 transmit data register CF2TX R/W N | 0000H
‘ FFFFFD26H | CSIF2 transmit data register L CF2TXL v O00H
FFFFFD30H CSIF3 control register 0 CF3CTLO NN 01H
FFFFFD31H CSIF3 control register 1 CF3CTLA \/ v 00H
FFFFFD32H CSIF3 control register 2 CF3CTL2 N O0H
FFFFFD33H CSIF3 status register CF3STR VoW 00H
FFFFFD34H CSIF3 receive data register CF3RX R N | 0000H
‘ FFFFFD34H | CSIF3 receive data register L CF3RXL N 00H
FFFFFD36H CSIF3 transmit data register CF3TX R/W N | 0000H
‘ FFFFFD36H | CSIF3 transmit data register L CF3TXL N O00H
FFFFFD40H CSIF4 control register 0 CF4CTLO NN 01H
FFFFFD41H CSIF4 control register 1 CF4CTLA \/ v 00H
FFFFFD42H CSIF4 control register 2 CF4CTL2 v O00H
FFFFFD43H CSIF4 status register CF4STR VoW 00H
FFFFFD44H CSIF4 receive data register CF4RX R \' | 0000H
‘ FFFFFD44H | CSIF4 receive data register L CF4RXL N 00H
FFFFFD46H CSIF4 transmit data register CF4TX R/W v | 0000H
| FFFFFD46H | CSIF4 transmit data register L CF4TXL v O00H
FFFFFD80H IIC shift register 0 lICo y 00H
FFFFFD82H IIC control register 0 licco S v O0H
FFFFFD83H Slave address register 0 SVAO N 00H
FFFFFD84H IIC clock select register 0 lICCLO \/ v 00H
FFFFFD85H IIC function expansion register 0 1ICX0 NN O0H
FFFFFD86H IIC status register 0 11CS0 R S N 00H
FFFFFD8AH IIC flag register 0 IICFO RW | v | 00H
FFFFFD90H IIC shift register 1 lIC1 v O00H
FFFFFD92H IIC control register 1 licct VoW 00H
FFFFFD93H Slave address register 1 SVA1 v O0H
FFFFFD94H IIC clock select register 1 lICCLA1 \ N 00H
FFFFFD95H IIC function expansion register 1 [ICX1 VoW 00H
FFFFFD96H IIC status register 1 lICSH R v N 00H
FFFFFD9AH IC flag register 1 IICF1 RW | v | O0H
FFFFFDAOH IIC shift register 2 lc2 v O00H
FFFFFDA2H IIC control register 2 licc2 NN O0H
FFFFFDA3H Slave address register 2 SVA2 v O0H
FFFFFDA4H IIC clock select register 2 liccL2 \ N 00H
FFFFFDA5H IIC function expansion register 2 lICX2 VoW 00H
FFFFFDAGH IIC status register 2 lcs2 R \/ v 00H
FFFFFDAAH | IIC flag register 2 IICF2 RW | v | O0H
FFFFFF40H USB clock selection register UCKSEL \/ v 00H
FFFFFF41H USB function control register UFCKMSK S N 03H
FFFFFF44H EPRAM mask register EPRMK N O00H
FFFFFF46H Ethernet MAC mask control register EMACMSK v O00H
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3.4.7 Programmable peripheral I/O registers

The BPC register is used to select the programmable peripheral I/O register area.
The BPC register is valid only in the 70F3829 and 70F3837.

(1) Peripheral I/O area select control register (BPC)
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

After reset: 0000H

15 14

R/W  Address: FFFFF064H

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

BPC  [Pat5| o |Pata|pat2|PAt1|Pato] PAos| PAs] PA07| PA0G| PAOS| PA04) PAOS| PAZ] PAO1] PACY)

PA15

Allows/does not allow use of programmable peripheral I/O area.

0

Do not allow use of programmable peripheral I/O area.

1

Allow use of programmable peripheral I/O area.

PA13 to
PAOO

Set address of programmable peripheral I/O area. (correspond to A27 to

A14)

Caution If the PA15 bit is set to 1, be sure to set the BPC register to 8FFBH.
If the PA15 bit is set to 0, be sure to set the BPC register to 0000H.

For the list of programmable peripheral I/O registers, refer to Table 18-16 Register Access Type.
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3.4.8 Special registers
Special registers are registers that are protected from being written with illegal data due to a program loop. The
V850ES/JES-E and V850ES/JG3-E have the following eight special registers.

¢ 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)

¢ Internal RAM data status register (RAMS)
¢ 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 loop. 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.

[Example] With PSC register (setting standby mode)

ST.B rll, PSMR[rO] ;
<1>CLR1 0, DCHCn[rO] ;
<2>MOVOx02, rl10
<3>ST.B rl10, PRCMD[rO] ;
<4>ST.B r10, PSC[rO] ;

<5>NOP"™*
<6>NOP"*
<7>NOP"°*
<8>NOP"™*
<9>NOP"*

Set PSMR register (setting IDLE1, IDLE2, and STOP modes).

Disable DMA operation. n=010 3

Write PRCMD register.
Set PSC register.

; Dummy instruction

; Dummy instruction

; Dummy instruction
; Dummy instruction

; Dummy instruction
<10>SET1 0O, DCHCn[rO] ;
(next instruction)

Enable DMA operation. n=0to0 3

There is no special sequence to read a special register.

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).

Cautions 1. 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.

Although dummy data is written to the PRCMD register, use the same general-purpose
register used to set the special register (<4> in Example) to write data to the PRCMD register
(<3> in Example). The same applies when a general-purpose register is used for addressing.
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(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: 0OH R/W Address: FFFFF802H

5 3 2 1 <0>
sys | o | o | o | o | o | o | o |PreRR|
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 3.4.8 (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 3.4.8 (1) Setting data
to special registers is not the setting of a special register)

Remark Even if an on-chip peripheral I/O register is read (except by a bit manipulation instruction) 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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3.4.9 Cautions

(1) Registers to be set first

Be sure to set the following registers first when using the V850ES/JES3-E and V850ES/JG3-E.

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

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

When using the external bus, set each pin to the alternate-function bus control pin mode by using the port-related

registers after setting the above registers.

(a) System wait control register (VSWC)

The VSWC register controls wait of bus access to the on-chip peripheral 1/O registers.

Three clocks are required to access an on-chip peripheral I/O register (without a wait cycle). The V850ES/JE3-
E and V850ES/JG3-E require wait cycles according to the operating frequency. Set the following value to the
VSWC register in accordance with the frequency used.

The VSWOC register can be read or written in 8-bit units.

Reset sets this register to 77H.

After reset: 77H R/W Address: FFFFFO6EH

vswe | | | |

Operating Frequency (fcru)

Set Value of VSWC

Number of Waits

fcru < 16.6 MHz O00H 0 (no waits)
16.6 MHz < fcpu < 25 MHz 01H 1
25 MHz < fepu < 33.3 MHz 11H 2
33.3 MHz < fepu < 50 MHz 12H 3

(b) On-chip debug mode register (OCDM)

For details, see CHAPTER 31 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. Write the WDTM2 register to

activate this operation.

For details, see CHAPTER 12 FUNCTIONS OF WATCHDOG TIMER 2.
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(2) Accessing specific 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 specific 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.

(1/2)
Peripheral Function Register Name Access k
16-bit timer/event counter AA (TAA) | TAANCNT Read 1or2
(n=0to4) TAANCCRO, TAANCCR1 Write o 1st access: No wait
e Continuous write: 0 to 3
Read 1or2
TAAmMIOC4 Write e 1st access: No wait
e Continuous write: 0 to 3
Read 1or2
16-bit timer/event counter AB (TAB) | TABICNT Read 1or2
TAB1CCRO to TAB1CCR3 Write o 1st access: No wait
e Continuous write: 0 to 3
Read 1or2
TAB110C4 Write e 1st access: No wait
e Continuous write: 0 to 3
Read 1or2
Motor control TAB10OPT1 Write e 1st access: No wait
e Continuous write: 0 to 3
TAB1DTC Write o 1st access: No wait
e Continuous write: 0 to 3
T™MT TTOCNT Read 1or2
TTOTCRO, TTOTCR1 Write e 1st access: No wait
e Continuous write: 0 to 3
Read 1or2
Watchdog timer 2 (WDT2) WDTM2 Write 3
(when WDT?2 operating)
Real-time output function (RTO) RTBLO, RTBHO Write 1
(RTPCO0.RTPOEQ bit = 0)
A/D converter ADAOMO Read 1or2
ADAOCRO to ADAOCR9 Read 1or2
ADAOCROH to ADAOCR9H Read 1or2
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(2/2)

4 x fodffoan + 1) / (2 + ) (MAX.)™®

COMDATAO1m, COMDATAOMm,
COMDATA1m, COMDATA23m,
COMDATA2m, COMDATA3m,
COMDATA45m, COMDATA4m,
COMDATA5m, COMDATA67m,
COMDATA6m, COMDATA7m,
COMDLCm,

COMCONFm,

COMIDLm,

COMIDHm

Write (8 bits)

4 x fxx/feanmon + 1) / (2 + j) (MIN.)"*®
5 x fxx/feanmon + 1) / (2 + j) (MAX.)"*®

Peripheral Function Register Name Access k
I?C00 to I°C02 IICSO0 to lICS2 Read 1
CRC CRCD Write 1
CAN controller COGMABT, Read/Write fxx/fcanmon + 1) / (2 + ) (MIN.)"*®
(M=0t031,a=11t04) COGMABTD, (2 x fodfoamon + 1) / (2 + j) (MAX.)**
COMASKaL, COMASKaH,
COLEC,
COINFO,
COERC,
COIE,
COINTS,
COBRP,
COBTR,
CoTS
COGMCTRL, Read/Write (hodfoan+ 1) / (2 + j) (MIN)™*
COGMCS, @ x fodffoan+ 1) / (2 + ) (MAX.)"*
COCTRL
CORGPT, Write (fxx/fcanmop + 1) / (2 + j) (MIN.)™*
COTGPT (2 x fxx/feanmon + 1) / (2 + j) (MAX.)™*
Read (8 x fxx/fcanmon + 1) / (2 + j) (MIN.)™*
(4 x fxx/feanmon + 1) / (2 + j) (MAX.)""
COLIPT, Read (3 x fodfoammion + 1) / (2 + j) (MIN.)"*
COLOPT (4 x fxx/feanmon + 1) / (2 + j) (MAX.)**
COMCTRLmM Write (4 x bodfon+ 1) 1 (2 + j) (MIN.)™®
(5 x fxx/fean+ 1) / (2 + j) (MAX.)"*
Read (3 x fodffoan+ 1) / (2 + ) (MIN.)™®
(
(
(

Write (16 bits)

(2 x fxx/fcanmon + 1) / (2 + j) (MIN.)"*
(8 x fxx/fcanmon + 1) / (2 + j) (MAX.)""

Read (8/16 bits)

(8 x fxx/fcanmon + 1) / (2 + j) (MIN.)™*
(4 x fxx/fcanmon + 1) / (2 + j) (MAX.)™*

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

Note Digits below the decimal point are rounded up.

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 with the subclock and the main clock oscillation is stopped

* When the CPU operates with the internal oscillation clock

Remark i: Values (0) of higher 4 bits of VSWC register
j: Values (0 or 1) of lower 4 bits of VSWC register
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(3) Restriction on 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>
¢ |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 reg1, reg2 not regi, reg2 satsubr regi, reg2 satsub reg1, reg2

satadd regi, reg2 satadd immb5, reg2 or regl, reg2 xor regi, reg2

and reg1, reg2 tst reg1, reg2 subr regt, 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

O 1/O ports
e VB850ES/JE3-E: 26
5V tolerant/N-ch open-drain output selectable: 12
e V850ES/JG3-E: 62
5V tolerant/N-ch open-drain output selectable: 35
O Input/output specifiable in 1-bit units

4.2 Basic Port Configuration
The V850ES/JES3-E features a total of 26 I/O ports consisting of ports 0, 2 to 5, 7, and DL.
The V850ES/JG3-E features a total of 62 I/O ports consisting of ports 0, 2to 5, 7, 9, and DL.

The port configuration is shown below.

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

Power Supply Corresponding Pins
AVRero Port 7
EVop RESET, ports 0, 2 to 5, DL

Table 4-2. 1/0 Buffer Power Supplies for Pins (V850ES/JG3-E)

Power Supply Corresponding Pins
AVRero Port 7
EVop RESET, ports 0, 2 to 5, 9, DL
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Figure 4-1. Port Configuration Diagram (V850ES/JE3-E)
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Figure 4-2. Port Configuration Diagram (V850ES/JG3-E)
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4.3 Port Configuration

Table 4-3. Port Configuration (V850ES/JE3-E)

Item Configuration

Control register Port n mode register (PMn:n=0, 2t0 5, 7, DL)

Port n mode control register (PMCn: n =0, 2 to 5, DL)

Port n function control register (PFCn: n =0, 3 to 4)

Port n function control expansion register (PFCEn: n = 2 to 4)
Port n function register (PFn: n =0, 2 to 5)

Ports 1/0: 26
Table 4-4. Port Configuration (V850ES/JG3-E)
Item Configuration
Control register Port n mode register (PMn:n=0,2t05, 7, 9, DL)

Port n mode control register (PMCn:n =0, 2t0 5, 9, DL)

Port n function control register (PFCn:n =0, 2t0 5, 9)

Port n function control expansion register (PFCEn: n =210 5, 9)
Port n function register (PFn: n=0, 210 5, 9)

Ports 1/0: 62

(1) Port n register (Pn)
Data is input from or output to an external device by writing or reading the Pn register.
The Pn register consists of a port latch that holds output data, and a circuit that reads the status of pins.
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: 00H (output latch) R/W

7 6 5 7 3 2 1 0
Pn | Pi7 | Pn6 | Pns | Pna | Pn3 | Pn2 | Pt | Pno |
Pnm Control of output data (in output mode)
0 Outputs 0.
1 Outputs 1.

Data is written to or read from the Pn register as follows, regardless of the setting of the PMCn register.

Table 4-5. Writing/Reading Pn Register

Setting of PMn Register Writing to Pn Register Reading from Pn Register
Output mode Data is written to the output latch"". The value of the output latch is read.
(PMnm = 0) In the port mode (PMCn = 0), the contents of the output
latch are output from the pins.
Input mode Data is written to the output latch. The pin status is read.
(PMnm = 1) The pin status is not affected"".

Note The value written to the output latch is retained until a new value is written to the output latch.
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(2) Port n mode register (PMn)
The PMn register specifies the input or output mode of the corresponding port pin.
Each bit of this register corresponds to one pin of port n, and the input or output mode 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 | PMn1 | Pmno |

PMnm Control of input/output mode

0 Output mode

1 Input mode

(3) Port n mode control register (PMCn)
The PMCn register specifies the port mode or alternate function.
Each bit of this register corresponds to one pin of port n, and the mode of the port can be specified in 1-bit units.

After reset: 00H R/W

7 6 5 4 3 2 1 0
PMCn | PMmCn7 | PMCn6 | PMCns | PMCn4 | PMCn3 | PMCn2 | PMCnt | PMCno |

PMCnm Specification of operation mode

0 Port mode

1 Alternate-function mode

(4) Port n function control register (PFCn)
The PFCn register specifies the alternate function of a port pin to be used if the pin has two alternate functions.
Each bit of this register corresponds to one pin of port n, and the alternate function of a port pin can be specified in
1-bit units.

After reset: 0OH R/W

7 6 5 4 3 2 ! 0
PFCn [ PFCn7 | PFCn6 | PFCns | PFCn4 | PFCn3 | PFCn2 | PFCnt | PFCno |

PFCnm Specification of alternate function
0 Alternate function 1
1 Alternate function 2
RO1UH0232EJ0200 Rev.2.00 98

Mar 25, 2014 RENESAS



VB850ES/JES-E, V850ES/JG3-E CHAPTER 4 PORT FUNCTIONS

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

After reset: 0OH R/W

7 6 5 4 3 2 1 0
PFCEn | PFCEn7 | PFCEn6 | PFCEns | PFCEn4 | PFCEn3 | PFCEn2 | PFCEN1 | PFCENO |

7 6 5 4 3 2 1 0
PFCn | PFCn7 | PFCn6 | PFCns | PFCna | PFCna | PFCn2 | PFCnt | 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

(6) Port n function register (PFn)
The PFn register specifies normal output or N-ch open-drain output.
Each bit of this register corresponds to one pin of port n, and the output mode of the port pin can be specified in 1-
bit units.

After reset: 00H R/W

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

PFnmNete Control of normal output/N-ch open-drain output

0 Normal output (CMOS output)

1 N-ch open-drain output

Note The PFnm bit of the PFn register is valid only when the PMnm bit of the PMn register is 0 (when the
output mode is specified) in port mode (PMCnm bit = 0). When the PMnm bit is 1 (when the input mode
is specified), the set value of the PFn register is invalid.
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(7) Port setting
Set a port as illustrated below.

Figure 4-3. Setting of Each Register and Pin Function

Port mode

Output mode “0”
PMn register
Input mode “1”

Alternate function
(when two alternate
functions are available)

“qr

Alternate function 1 “0”

PFCn register

PMCn register

Alternate function 2 “q”

Alternate function
(when three or more alternate

_ _ aqr
functions are available)

Alternate function 1 (a)

Alternate function Z\lb)\ PFCn register
PFCEnm | PFCnm

Alternate function 3— | PFCEn register (a) 0
(d) (b) 0
1
1

(c)
Alternate function 4 (d)

\ J

Remark Set the alternate functions in the following sequence.

= |O|= O

<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.

R0O1UH0232EJ0200 Rev.2.00 100
Mar 25, 2014 RENESANAS



VB850ES/JES-E, V850ES/JG3-E CHAPTER 4 PORT FUNCTIONS

4.3.1 Port0
Port 0 is a 1-bit (V850ES/JE3-E)/2-bit (VB50ES/JG3-E) port for which I/O settings can be controlled in 1-bit units.
Port 0 includes the following alternate-function pins.

Table 4-6. Port 0 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name l{e] Remark
JE3L | JG3L
P02 3 3 NMI Input Can be specified as an N-ch open-drain
P03 - 4 | INTPOO/ADTRG/EXCLK Input output

Caution The P02 and P03 pins have hysteresis characteristics in the input mode of the alternate function, but
do not have hysteresis characteristics in the port mode.

Remark JE3E: V850ES/JE3-E
JG3E: VB850ES/JG3-E

(1) Port 0 register (P0)

(a) V850ES/JE3-E

After reset: 00H(output latch) R/W Address:FFFFF400H

2 0
o | o | | | | P2 | o | o |
P02 Output data control (In output mode)
0 Output 0.
1 Output 1.

(b) V850ES/JG3-E

After reset: 00H(output latch) R/W Address:FFFFF400H

3 2
po| o | o | o | o [P | P2 | o | o |
POn Output data control (In output mode) (n=2,3)
01 Output 0.
QOutput 1.
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(2) Port 0 mode register (PMO0)

(a) V850ES/JE3-E

After reset: FFH

R/W Address:FFFFF420H

7 6 5 4 3 2 1 0
VR 1 1 | 1 ] 1 [eme | 1 | 1|
PM02 1/0 mode control
0 Output mode.

Input mode.

(b) VB850ES/JG3-E

After reset: FFH

R/W  Address:FFFFF420H

6 5 4 3 2

R

| PM03 | PMO2 |

I

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

Output mode

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

(a) V850ES/JE3-E

After reset: FFH R/W Address:FFFFF440H

3 2 1
Pmco [ o | o | o | o | o [pmcoz| o | o |
PMCO02 Specification of P02 pin operation mode
0 1/0 port
1 NMI Input
(b) V850ES/JG3-E
After reset: 00H R/W Address:FFFFF440H
4 3 2 1
Pmco [ o | o | o | o [pPmcos|pPmcoz| o | o |
PMCO03 Specification of P03 pin operation mode

0 1/0 port
1 INMTPOO Input/ADTRG Input/EXCLK Input

PMCO02 Specification of P02 pin operation mode
0 1/0 port
1 NMI Input

(4) Port 0 function control register (PFC0) (V850ES/JG3-E only)

After reset: 00H R/W  Address:FFFFF460H

4 3 2
PFCO | o | o | o | o [Prcosa| 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) (V850ES/JG3-E only)

After reset: 00H R/W Address:FFFFF700H

5 4 3 2
PFcE0 | o | o | o | o [precEes] o | o | o |

Remark For details of alternate function specification, see 4.3.1 (6) Port 0 alternate function
specifications.
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(6) Port 0 alternate function specifications (V850ES/JG3-E only)

PFCEO03 PFCO03 Specification of P03 pin alternate function
0 0 INTPOO input
0 1 ADTRG input
1 0 EXCLK input
1 1 Setting prohibited

(7) Port 0 function register (PFO0)

(a) V850ES/JE3-E

After reset:

00H R/W  Address:FFFFFC60H

PFO |

(b) V850ES/JG3-E

PFO |

3 2 1

0 o | pro2 | o
PF02 Control of normal output or N-ch open-drain output

0 Normal output

1 N-ch open-drain output

After reset: 00H R/W Address:FFFFFC60H

7 4 3 2 1

0 o | Pros | PFo2 | o
PFOn Control of normal output or N-ch open-drain output( n = 2 to 3)

0 Normal output

1 N-ch open-drain output
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43.2 Port2
Port 2 is a 1-bit (V850ES/JE3-E)/7-bit (VB50ES/JG3-E) port for which I/O settings can be controlled in 1-bit units.
Port 2 includes the following alternate-function pins.

Table 4-7. Port 2 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark
JE3E | JG3E

P20 4 5 INTPO1 Input Can be specified as an N-ch open-drain
P21 - 6 | RTCDIV/RTCCL Output | ©utPut

P22 - 7 RTC1HZ/INTP02 /0

P23 - 16 SIF1/TXDC1/SDA00/INTP03 /0

P24 - 17 SOF1/RXDC1/SCLO0/INTP04 /0

P25 - 18 | SCKF1/TIAA30/TOAA30 /0

P26 - 19 TIAA31/TOAA31/INTP05 1/0

Caution The P20 to P26 pins have hysteresis characteristics in the input mode of the alternate-function pin,
but do not have the hysteresis characteristics in the port mode.

Remark JE3E: V850ES/JE3-E
JG3E: V850ES/JGS3-E

(1) Port 2 register (P2)

(a) V850ES/JE3-E
After reset: OOH (output latch) R/W Address: FFFFF404H
1 0
P2 | | | | | | o | Peo |
P20 Output data control (In output mode)
0 Output 0.
1 Output 1.
(b) V850ES/JG3-E
After reset: 00H (output latch) R/W Address: FFFFF404H
6 5 4 3 2 1 0
P2 | | p2s | P2s | P2a | P23 | P22 | P21t | P20 |
P2n Output data control (In output mode) (n= 0 to 6)
0 Output 0.
1 Output 1.
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(2) Port 2 mode register (PM2)

(a) V850ES/JE3-E

After reset:FFH R/W Address: FFFFF424H

PM2 |

7 6 5 4 3 2 1 0

1| | | 1 ] 1 [ 1] Pwm2o |
PM20 1/0O mode control

0 Output mode

Input mode

(b) V850ES/JG3-E

After reset:FFH R/W Address: FFFFF424H

PM2 |

7 6 5 4 3 2 1 0
1 | PM26 | PM25 | PM24 | PM23 | PM22 | Pm21 | PMm20 |
PM2n 1/0 mode control (n =0 to 6)
0 Output mode

Input mode
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(3) Port 2 mode control register (PMC2)

(a) V850ES/JE3-E

After reset:00H R/W Address: FFFFF444H

1 0
Pmc2 [ o | o | o | o | o | o | o |[Pmcao]|
PMC20 Specification of P20 pin operation mode
0 1/O port
1 INTPO1 input
(b) V850ES/JG3-E
After reset:00H R/W Address: FFFFF444H
7 6 5 4 3 2 1 0
PMC2 [ o | PMC26 | PMC25 | PMC24 | PMC23 | PMC22 | PMC21 | PMC20 |
PMC26 Specification of P26 pin operation mode
0 1/O port
1 TIAA31 input/TOAA31 input/INTPO5 input
PMC25 Specification of P25 pin operation mode
0 1/O port
1 SCKF1 I/O/TIAA30 input/TOAA30 output
PMC24 Specification of P24 pin operation mode
0 1/0 port
1 SOF1 output/RXDCH1 input/SCLOO0 I/O/INTP04 input
PMC23 Specification of P23 pin operation mode
0 I/0 port
1 SIF1 input/TXDC1 output/SDAOO I/O/INTP0O3 input
PMC22 Specification of P22 pin operation mode
0 I/0 port
1 RTC1HZ output/INTPO2 input
PMC21 Specification of P21 pin operation mode
0 I/O port
1 RTCDIV output/RTCCL output
PMC20 Specification of P20 pin operation mode
0 1/O port
1 INTPO1 input
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(4) Port 2 function control register (PFC2) (V850ES/JG3-E only)

(a) V850ES/JG3-E

After reset:00H R/W Address: FFFFF464H

7 6 5 4 3 2 1 0
PFC2 | o | PFc2e | PFC2s | PFC24 | PFC2s | PFc22 | PFC21 | 0 |

Remark For details of alternate function specification, see 4.3.2 (6) Port 2 alternate function
specifications.

(5) Port 2 function control expansion register (PFCE2)

(a) V850ES/JE3-E

After reset:00H R/W Address: FFFFF704H

1 0
PFcE2 | o | o | o | o | o | o | o [prcEo
(b) VB50ES/JG3-E
After reset:00H R/W Address: FFFFF704H
7 6 5 4 3 2 1 0
PFCE2 | 0 |PFCE26 | PFCE25 | PFCE24 | PFCE23 | PFCE22 | PFCE21 | PFCE20 |

Remark For details of alternate function specification, see 4.3.2 (6) Port 2 alternate function
specifications.
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(6) Port 2 alternate function specifications

PFCE26 PFC26 Specification of P26 pin alternate function (V850ES/JG3-E only)
0 0 TIAB31 input
0 1 TOABS31 output
1 0 INTPOS5 input
1 1 Setting prohibited
PFCE25 PFC25 Specification of P25 pin alternate function (V850ES/JG3-E only)
0 0 SCKF1 1/0
0 1 TIAA30 input
1 0 TOAA3O0 output
1 1 Setting prohibited
PFCE24 PFC24 Specification of P24 pin alternate function (V850ES/JG3-E only)
0 0 SOF1 output
0 1 RXDCH1 input
1 0 SCLO00 I/0
1 1 INTPO4 input
PFCE23 PFC23 Specification of P23 pin alternate function (V850ES/JG3-E only)
0 0 SIF1 input
0 1 TXDC1 output
1 0 SDAO0O I/0
1 1 INTPOS input
PFCE22 PFC22 Specification of P22 pin alternate function (V850ES/JG3-E only)
0 0 Setting prohibited
0 1 Setting prohibited
1 0 RTC1HZ output
1 1 INTPO2 input
PFCE21 PFC21 Specification of P21 pin alternate function (V850ES/JG3-E only)
0 0 Setting prohibited
0 1 Setting prohibited
1 0 RTCDIV output
1 1 RTCCL output
PFCE20 Specification of P20 pin alternate function
0 Setting prohibited

INTPO1 input
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(7) Port 2 function register (PF2)

(a) V850ES/JE3-E

After reset:00H R/W Address: FFFFFC64H

PF2 |

7 1 0

o | o | o | o | o | o | o | pro |
PF20 Control of normal output or N-ch open-drain output

0 Normal output

N-ch open-drain output

(b) V850ES/JG3-E

After reset:00H R/W Address: FFFFFC64H

PF2 |

7 6 5 4 3 2 1 0

o | Pros | PF2s | PFa4 | PF23 | PF22 | PF21 | PF20 |
PF2n Control of normal output or N-ch open-drain output(n = 0 to 6)

0 Normal output

N-ch open-drain output
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433 Port3
Port 3 is a 5-bit (V850ES/JE3-E)/8-bit (VB50ES/JG3-E) port for which I/O settings can be controlled in 1-bit units.
Port 3 includes the following alternate-function pins.

Table 4-8. Port 3 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name 110 Remark
JE3E | JG3E
P30 13 20 TXDCO/SIF2/TIAAOO/TOAAQO 1/0 Can be specified as an N-ch open-drain
P31 14 21 | RXDCO/SOF2/TIAA01/TOAAO1 1e) output
P32 15 22 | ASCKCO/SCKF2/TIAA10/TOAA10 I/0
P33 - 23 | SIF4/TIAA11/TOAAT I/0
P34 - 24 | SOF4/TIAA20/TOAA20 I/0
P35 - 80 | SCKF4/TIAA21/TOAA21/TOAA1OFF /0
/INTP06
P36 50 81 TXDC2/SDA02/CTXD0O"* I/0
P37 51 82 RXDC2/SCL02/CRXDO ™" I/0

Note 1PD70F3829 and 70F3837 only

Caution The P30 to P37 pins have hysteresis characteristics in the input mode of the alternate-function pin,

but do not have the hysteresis characteristics in the port mode.

Remark JE3E: V850ES/JE3-E
JG3E: V850ES/JG3-E
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(1) Port 3 register (P3)

(a) V850ES/JE3-E

After reset:00H (output latch) R/W Address: FFFFF406H

7 6 5 2 1 0
Ps | pa7 | Pss | o | | | P2 | P31 | Pao |
P3n Output data control(in output mode) (n=0 to 2,6,7)
0 Output 0.
1 Output 1.

(b) V850ES/JG3-E

After reset:00H (output latch) R/W Address: FFFFF406H

7 6 5 4 3 2 1 0
Ps | Pa7 | pPss | Pss | Pa4 | Pas | P2 | P31 | P30 |
P3n Qutput data control(in output mode) (n =0 to 7)
0 Output 0.
1 Output 1.

(2) Port 3 mode register (PM3)

(a) V850ES/JE3-E

After reset:FFH R/W Address: FFFFF426H

7 6 5 4 3 2 1 0
PMs | Pma7 | Pmss | 1 [ 1 | 1 | Pws2 | P31 | Pm30 |
PM3n 1/0 mode control (n=0to 2, 6,7)

0 Output mode.

1 Input mode

(b) V850ES/JG3-E

After reset:FFH R/W Address: FFFFF426H

7 6 5 4 3 2 1 0
PM3 | PM37 | Pm3s | Pmas | Pmas | Pm3s | Pms2 | Pm31 | PM30 |

PM3n 1/0 mode control (n=0 to 7)

0 Output mode

1 Input mode
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(3) Port 3 mode control register (PMC3)

(1/2)
(a) V850ES/JE3-E
After reset:00H R/W Address: FFFFF446H
7 6 5 4 3 2 1 0
PMC3 | Pmcaz | PMcas | o | o | o | Pmca2 | PmMcat | Pmcao |

PMC37 Specification of P37pin operation mode
0 1/0 port
1 RDXDC2 input/SCL02 I/0/CRXDO inputNot

PMC36 Specification of P36 pin operation mode
0 1/0 port
1 TXDC2 output/SDA02 i/O/CTXDO outputNote

PMC32 Specification of P32 pin operation mode
0 I/O port
1 ASCKAO input/SCKF2I/O/TIAA10 input/TOAA10 output

PMC31 Specification of P31 pin operation mode
0 I/0 port
1 RXDCO input/SOF2 output/TIAAO1 input/TOAAO1 output

PMC30 Specification of P30 pin operation mode
0 I/O port
1 TXDCO output/SIF2 input/TIAAOO input/TOAAQO output

Note ~PD70F3829 only
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2/2)

(b) V850ES/JG3-E

7

After reset:00H R/W Address: FFFFF446H

6 5 4 3 2 1 0

PMC3 | PMC37 | PMC36 | PMC35 | PMC34 | PMC33 | PMC32 | PMC31 | PMC30 |

Specification of P37 pin operation mode

1/0 port

RXDC2 input/SCLO02 I/O/CRXDO0 inputNete

Specification of P36 pin operation mode

1/0 port

TXDC2 output/SDA02 I/0/CTXDO outputNete

Specification of P35 pin operation mode

1/0 port

SCKF4 I/O/TIAA21 input/TOAA21 output/TOAA1OFF input/INTPO6 input

Specification of P34 pin operation mode

1/0 port

SOF4 output/TIAA20 input/ TOAA20 output

Specification of P33 pin operation mode

1/0 port

SIF4 input/TIAA11 input/TOAA11 output

Specification of P32 pin operation mode

1/0O port

ASCKAO input/SCKF2 I/O/TIAA10 input/TOAA10 output

Specification of P31 pin operation mode

1/0 port

RXDCO input/SOF2 output/TIAAO1 input/TOAAO1 output

Specification of P30 pin operation mode

1/0 port

TXDCO output/SIF2 input/TIAAOO input/TOAAOQO output

Note ~PD70F3837 only
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(4) Port 3 function control register (PFC3)

(a) V850ES/JE3-E

After reset:00H R/W Address: FFFFF446H

7 6 5 4 3 2 1 0
Prca | PFca7 | PFcss | o | o | o | PFcaz | pFcat1 | PFCao |

(b) V850ES/JG3-E

After reset:00H R/W Address: FFFFF446H

7 6 5 4 3 2 i 0
PFC3 | PFC37 | PFC3s | PFC3s | PFC34 | PFC33 | PFC32 | PFC31 | PFCB0 |

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

(5) Port 3 function control expansion register (PFCE3)

(a) V850ES/JE3-E
After reset:00H R/W Address: FFFFF706H

7 6 5 4 3 2 1 0
PFCE3 [PFCEs7™prceEse™d o0 | o0 | o |PFCE32 | PFCE31 | PFCES0 |

Note PD70F3829 only

(b) V850ES/JG3-E

After reset:00H R/W Address: FFFFF706H

7 6 5 4 3 2 ! 0
PFCE3  [pFoE37ModprcEashd PFCES5 | PFCE4 | PFCES3 | PFCES2 | PFCE31 | PFCESO |

Note PD70F3837 only
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

PFCE37"™" PFC37 Specification of P37 pin alternate function
0 0 RXDC2 input
0 1 SCL02 I/0
1 0 CRXDO input"**
1 1 Setting prohibited"

Note PD70F3829 and 70F3837 only

PFCE36™" PFC36 Specification of P36 pin alternate function
0 0 TXDC2 output
0 1 SDAO02 I/O
1 0 CTXDO output™™®
1 1 Setting prohibited"
Note PD70F3829 and 70F3837 only
PFCE35 PFC35 Specification of P35 pin alternate function (V850ES/JG3-E only)
0 0 'SCKF4 1/0"*
0 1 TIAA21 input
1 0 TOAA21 output
1 1 TOAA1OFF input/INTP06 input"*

Note TOAA1OFF and INTPO9 are alternate functions. When using the pin as the TOAA1OFF pin, disable
INTPO9 pin edge detection, which is the alternate function. Also, when using the pin as the INTPO9 pin,
stop the high-impedance output controller.

PFCE34 PFC34 Specification of P34 pin alternate function (V850ES/JG3-E only)
0 0 SOF4 output
0 1 Setting prohibited
1 0 TIAA20 input
1 1 TOAA20 output

PFCE33 PFC33 Specification of P33 pin alternate function (V850ES/JG3-E only)
0 0 SIF4 input
0 1 Setting prohibited
1 0 TIAA11 input
1 1 TOAA11 output

PFCE32 PFC32 Specification of P32 pin alternate function
0 0 ASCKCO input
0 1 SCKF2 I/0
1 0 TIAA10 input
1 1 TOAA10 output
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PFCE31 PFC31 Specification of P31 pin alternate function
0 0 RXDCO input
0 1 SOF2 input
1 0 TIAAO1 input
1 1 TOAAO1 output
PFCE30 PFC30 Specification of P30 pin alternate function
0 0 TXDCO output
0 1 SIF2 input
1 0 TIAAOO input
1 1 TOAAOQO output

(7) Port 3 function register (PF3)

(a) V850ES/JE3-E

7

After reset:00H R/W Address: FFFFFC66H

6 5 4 3 2 1 0

PF3 | PF37 | PF3s | o | o | o | PFs2 | PF31 | PF30 |

PF3n

Control of normal output or N-ch open-drain output(n = 0 to 2,6,7)

0 Normal output (CMOS output)

1 N-ch open-drain output

(b) V850ES/JG3-E

7

After reset:00H R/W Address: FFFFFC66H

6 5 4 3 2 1 0

PF3 | PF37 | PF36 | PF35 | PF34 | PF33 | PF32 | PF31 | PF30 |

PF3n

Control of normal output or N-ch open-drain output(n = 0 to 7)

0

Normal output (CMOS output)

1

N-ch open-drain output

RO1UH0232EJ0200 Rev.2.00

Mar 25, 2014

RENESAS

117



VB850ES/JES-E, V850ES/JG3-E CHAPTER 4 PORT FUNCTIONS

43.4 Port4
Port 4 is a 3-bit (V850ES/JE3-E) and 6-bit (VB50ES/JG3-E) port that controls I/O in 1-bit units.
Port 4 includes the following alternate-function pins.

Table 4-9 Port 4 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark
JE3L | JG3L
P40 52 85 | SIFO/TXDC3/SDA01/RTP0O0 I/0 Can be specified as an N-ch open-drain output
P41 53 86 | SOFO/RXDC3/SCLO1/RTPO1 I/O
P42 54 | 87 | SCKFO/TIAA40/TOAA40/RTPO2 | I/O -
P43 - 88 | RTPO3 Output
P44 - 89 RTPO4 Output
P45 - 90 [ TIAA41/TOAA41/RTPO5 I/0

Caution The P40 to P42, and P45 pins have hysteresis characteristics in the input mode of the alternate-
function pin, but do not have the hysteresis characteristics in the port mode.

Remark JE3E: V850ES/JE3-E
JG3E: V850ES/JG3-E

(1) Port 4 register (P4)

(a) V850ES/JE3-E

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

7 6 5 4 3 2 1 0
Pa | o | o | o | o | o [ pe2 | Pt | Pao |
P4n Output data control (In output mode) (n = 0 to 2)
0 Output 0.
1 Output 1.

(b) V850ES/JG3-E

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

7 6 5 4 3 2 1 0
Pa | o | o | Pas | Pasa | Paz | Pa2 | Pa1 | Pao |
P4n Output data control (In output mode) (n =0 to 5)
0 Output 0.
1 Output 1.
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(2) Port 4 mode register (PM4)

(a) V850ES/JE3-E

After reset: 00H(output latch) R/W Address:FFFFF428H

(b) V850ES/JG3-E

7 6 5 4 3 2 1 0
e | 1 | 1 [ 1 ] 1 [ 1 | pmaz | Pmat | Pma4o |

PM4n I/0O mode control (n =0 to 2)

0 Output mode

1 Input mode
After reset: FFH R/W Address:FFFFF428H

7 6 5 4 3 2 1 0
P4 | 1 | 1 | Pvas | Pmas | Pm43 | Pm42 | PMat | Pm4o |

PM4n I/0O mode control (n =0 to 5)

0 Output mode

1 Input mode

RO1UH0232EJ0200 Rev.2.00

Mar 25, 2014

RENESAS

119



VB850ES/JES-E, V850ES/JG3-E CHAPTER 4 PORT FUNCTIONS

(3) Port 4 mode control register (PMC4)

(a) V850ES/JE3-E

After reset:00H R/W Address: FFFFF448H

4 3 2 1 0
mca | o | o | o | o | o |[Pvcaz|Pmcat | Pmcao |
PMC42 Specification of P42 pin operation mode

0 1/O port
1 SCKFO I/O/TIAA40 input/TOAA40 output/RTP02 output

PMC41 Specification of P41 pin operation mode
0 1/0 port
1 SOFO output/RXDC3 input/SCLO1 I/O/RTP0O1 output

PMC40 Specification of P40 pin operation mode
0 1/0 port
1 SIFO input/TXDC3 output/SDA01 I/O/RTPOO output

(b) V850ES/JG3-E

After reset:00H R/W Address: FFFFF448H

6 5 4 3 2 1 0
PMC4 [ o | o | Pmc4s | Pmc44 | PMC4a3 | PMC42 | PMC41 | PMC40 |
PMC45 Specification of P45 pin operation mode
0 1/O port

1 TIAA40 input/TOAA40 output/RTPO5 output

PMC44 Specification of P44 pin operation mode
0 1/0 port
1 RTP04 output

PMC43 Specification of P43 pin operation mode
0 1/0 port
1 RTPO3 output

PMC42 Specification of P42 pin operation mode
0 1/O port
1 SCKFO I/O/TIAA40 input/TOAA40 output/RTP02 output

PMC41 Specification of P41 pin operation mode
0 1/O port
1 SOFO0 output/RXDC3 input/SCLO1 I/O/RTPO1 output

PMC40 Specification of P40 pin operation mode
0 1/0 port
1 SIFO input/TXDC3 output/SDA01 I/O/RTP00 output
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(4) Port 4 function control register (PFC4)

(a) V850ES/JE3-E

After reset:00H R/W Address: FFFFF468H

4 3 2 1 0
prca [ o | o | o | o | | PFCa2 | PFCa1 | PFC40 |

o

(b) V850ES/JG3-E

After reset:00H R/W Address: FFFFF468H

7 6 5 4 3 2 1 0
Prca | o | o |Prcas| o | o | Prcaz | PFcat | PFC4o |

Remark For details of alternate-function specification, see 4.3.4 (6) Port 4 alternate function
specifications.

(5) Port 4 function control expansion register (PFCE4)

(a) V850ES/JE3-E

After reset:00H R/W Address: FFFFF708H

7 6 5 4 3 2 1 0
PFCE4 | o | o | o | o | o [PFCcE42|PFCE41|PFCE40 |

(b) V850ES/JG3-E

After reset:00H R/W Address: FFFFF708H

7 6 5 4 3 2 1 0
PFCE4 | o | o | PFCE45|PFCE44 | PFCE43 | PFCE42 | PFCE41 | PFCE40 |

Remark For details of alternate function specification, see 4.3.4 (6) Port 4 alternate function
specifications.
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(6) Port 4 alternate function specifications

PFCE45 PFC45 Specification of P45 pin alternate function (V850ES/JG3-E only)
0 0 Setting prohibited
0 1 TIAA41 input
1 0 TOAA41 output
1 1 RTPO5 output
PFCE44 Specification of P44 pin alternate function (V850ES/JG3-E only)
0 Setting prohibited
1 RTPO04 output
PFCE43 Specification of P44 pin alternate function (V850ES/JG3-E only)
0 Setting prohibited
1 RTPO3 output
PFCE42 PFC42 Specification of P42 pin alternate function
0 0 SCKFO0 I/0
0 1 TIAA4Q input
1 0 TOAAA40 output
1 1 RTPO2 output
PFCE41 PFC41 Specification of P41 pin alternate function
0 0 SOFO output
0 1 RXDC3 input
1 0 SCLO1 1/0
1 1 RTPO1 output
PFCE40 PFC40 Specification of P40 pin alternate function
0 0 SIFO input
0 1 TXDCS3 output
1 0 SDAO01 I/0
1 1 RTPOO output
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(7) Port 4 function register (PF4)

After reset:00H R/W Address: FFFFFC68H

PF4 |

7 5 4 3 2 1 0

0 o | o | o | o | o | pra1 | PFa0 |
PF4n Control of normal output or N-ch open-drain output (n = 0,1)

0 Normal output (CMOS output)

N-ch open-drain output
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4.3.5 Port5

Port 5 is a 5-bit port that controls I/O in 1-bit units.
Port 5 includes the following alternate-function pins.

Table 4-10. Port 5 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark
JE3E | JG3E
P50 16 25 INTPO7/DDI* Input Can be specified as an N-ch open-drain
P51 17 26 | INTPOS/DDO™* /0 output
P52 18 27 INTP0O9/DCK"*® Input
P53 19 28 IINTP10/DMS"* Input
P54 20 29 | INTP11/DRST"" Input

Note The DDI, DDO, DCK, DMS, and DRST pins are used for on-chip debugging.
If on-chip debugging is not used, fix the P54/INTP11/DRST pin to low level between when the reset by the

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

For details, see 4.5.3 Cautions on on-chip debug pins.

Cautions 1.

When the power is turned on, the P51 pin may output an undefined level temporarily even during

reset.

Remark JE3E: V850ES/JE3-E

(1) Port 5 register (P5)

JG3E: V850ES/JG3-E

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

7 5 4 3 2 1 0
ps | o | o | o | ps4a | pPs3 | P2 | Pst | Pso |
P5n Output data control (In output mode) (n= 0 to 4)
0 Output 0.
1 Output 1.

. The P50 to P54 pins have hysteresis characteristics in the input mode of the alternate-function
pin, but do not have the hysteresis characteristics in the port mode.
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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 | 1 | Pwsa | Pmsa | Pms2 | Pms1 | Pmso |
PM5n I/0O mode control (n= 0 to 4)

0 Output mode.

1 Intput mode.

(3) Port 5 mode control register (PMCS5)

After reset:00H R/W Address: FFFFF44AH

6 5 4 3 2 1 0
pmcs | o | o | o | Pmcss | PMCs3 | PMCs2 | PMC51 | PMCSO |
PMC54 Specification of P54 pin operation mode
0 I/O port
1 INTP11 input
PMC53 Specification of P53 pin operation mode
0 I/O port
1 INTP10 input
PMC52 Specification of P52 pin operation mode
0 1/O port
1 INTPO9 input
PMC51 Specification of P51 pin operation mode
0 1/O port
1 INTPO8 input
PMC50 Specification of P50 pin operation mode
0 I/0 port
1 INTPO7 input
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(4) Port 5 function register (PF5)

After reset: 00H

R/W Address:FFFFFC6AH

6 5 4 3 2 1 0
PFs | 0 o | o | Prsa | PFs3 | PF52 | PF51 | PF50 |
PF5n Control of normal output or N-ch open-drain output (n = 0 to 4)
0 Normal output (CMOS output)

N-ch open-drain output
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43.6 Port7
Port 7 is a 10-bit port for which 1/0O settings can be controlled in 1-bit units.
Port 7 includes the following alternate-function pins.

Table 4-11. Port 7 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark
JE3E | JG3E
P70 64 100 | ANIO Input -
P71 63 99 ANN Input
P72 62 98 ANI2 Input
P73 61 97 ANI3 Input
P74 60 96 ANI4 Input
P77 59 95 ANI5 Input
P76 58 94 ANI6 Input
P77 57 93 ANI7 Input
P78 56 92 ANI8 Input
P79 55 91 ANI9 Input

Remark JE3E: V850ES/JE3-E
JG3E: V850ES/JG3-E

(1) Port 7 register H, port 7 register L (P7H, P7L)

After reset: 00H(output latch) R/W Address: P7L FFFFF40EH, P7H FFFFF40FH

4 2 1 0
pH | o | o | o | o | o | o [ pre | P |
7 6 5 4 3 2 1 0
prL | P77z | P | P75 | pra | Pra | P2 | pr1 | pPro |
P7n Output data control (In output mode) (n=0 to 9)
0 Output 0.
1 Output 1.

Caution Do not read or write the P7H and P7L registers during A/D conversion (see 14.6 (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)

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

7 6 5 4 3 2 i 0
i |1 | 1 ] 1 ] 1 ] 1 [ 1 | pwre | purs |

7 6 5 4 3 2 1 0
PM7L | Pm77 | Pm7e | PM7s | Pm7a | Pm73 | PM72 | P71 | PM70 |

PM7n 1/0 mode control (n=0t0 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 Port 9 (V850ES/JG3-E)
Port 9 is a 13-bit (VB50ES/JG3-E) port for which I/O settings can be controlled in 1-bit units.
Port 9 includes the following alternate-function pins.

Table 4-12. Port 9 Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name 1/0 Remark
JE3E | JG3E

P90 - 72 TOAB1T1/TOAB11/TIAB11/KRO/INTP12 1/0 Can be specified as an N-ch open-drain
P91 - 73 | TOAB1B1/TIAB10/KR1/TOAB10 110 output
P92 - 74 TOAB1T2/TOAB12/TIAB12/KR2/INTP13 /0
P93 - 75 TOAB1B2/TRGAB1/KR3/INTP14 /0
P94 - 76 TOAB1T3/TOAB13/TIAB13/KR4/INTP15 1/0
P95 - 77 TOAB1B3/EVTB1/KR5/INTP16 /0
P96 - 40 TECRO/TITOO/KR6/TOT00 /0
P97 - 41 TENCOO/TITO1/KR7/TOTO1 /0
P98 - 42 TENCO1/INTP17 Input
P912 - 78 TOAB10OFF/INTP18 /0
P913 - 30 |SIF31/INTP19 110
P914 - 31 SOF3/INTP20 /0
P915 - 32 SCKF3 /0

Caution The P90 to P98, P912 to P915 pins have hysteresis characteristics in the input mode of the alternate-

Remark

function pin, but do not have the hysteresis characteristics in the port mode.

JE3E: V850ES/JE3-E
JG3E: V850ES/JG3-E
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(1) Port 9 register (P9)

(a) V850ES/JG3-E

After reset: 0000H (output latch) R/W Address: P9 FFFFF412H,
PIL FFFFF412H, PO9H FFFFF413H

15 14 13 12 11 10 9 8
Po(PoH) [ Po1s | Pot4 | Pota | Poi2 | o | o | o | pes |
7 6 5 4 3 2 1 0
PoL)[ Po7 | Pos | Pos | Poa | Po3a | P2 | Po1t | pPoo |
P9n Output data control (In output mode) (n=0 to 8,12 to 15)
0 Qutput 0.
1 Output 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, they 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.

(2) Port 9 mode register (PM9)

(a) V850ES/JG3-E

After reset : FFFFH R/W Address: PM9 FFFFF432H,
PM9OL FFFFF432H, PM9H FFFFF433H

15 14 13 12 1 10 9 8
PM9 (PMoH)| PMo15 | PMot4 | PMo13 [ Pmot2 | 1 | 1 | 1 | Pmos |
7 6 5 4 3 2 1 0

(PMoL)| Pmo7 | PMo6 | PM9s | PMo4 | PMo3 | PMe2 | Pmot | Pmoo |

PM9n 1/0 mode control (n=0to 8,12, 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 PMOL register, they 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)
(1/2)

(a) V850ES/JG3-E (1/2)

After reset:0000H R/W Address: PM9 FFFFF452H,
PM9OL FFFFF452H, PM9H FFFFF453H

15 14 13 12 11 10 9 8
PMC9 (PMCOH)[ PMC915| PMC914 | PMCo13| PMCot2| 0o | o | o | Pmces |
7 6 5 4 3 2 1 0

(PMCoL)| PMC97 | PMC96 | PMC95 | PMCo4 | PMC93 | PMC92 | PMCO1 | PMC90 |

PMC915 Specification of P915 pin operation mode
0 1/O port
1 SCKF3 1/0

PMC914 Specification of P914 pin operation mode
0 I/0 port
1 SOF3 output

PMC913 Specification of P913 pin operation mode
0 1/O port
1 SIF3 input

PMC912 Specification of P912 pin operation mode
0 I/0 port

1 TOAB1OFF input/INTP18 input

PMC98 Specification of P98 pin operation mode
0 1/0 port
1 TENCO1 input/INTP17 input

Remarks 1. The PMCO9 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, they 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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2/2)

(a) VB50ES/JG3-E (2/2)

PMC97

Specification of P97 pin operation mode

1/0 port

TENCOO input/TITO1 input/KR7 input/TOTO1 output

Specification of P96 pin operation mode

1/0 port

TECRO input/TITOO input/KR06 input/TOTOO output

Specification of P95 pin operation mode

1/0 port

TOAB1B3 output/EVTAB1 input/KR5 input/INTP16 input

Specification of P94 pin operation mode

1/0 port

TOAB1T3 output/TOAB13 output/TIAB13 input/KR4 input/INTP15 input

Specification of P93 pin operation mode

1/0 port

TOAB1B2 output/TRGAB1 input/KR3 input/INTP14 input

Specification of P92 pin operation mode

1/O port

TOAB1T2 output/TOAB12 output/TIAB12 input/KR2 input/INTP13 input

Specification of P91 pin operation mode

1/0 port

TOAB1B1 output/TIAB10 input/KR1 input/TOAB10 output

Specification of P90 pin operation mode

1/0 port

TOAB1T1 output/TOAB11 output/TIAB11 input/KRO input/INTP12 input

Remarks 1. The PMC9 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, they 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)

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

15 14 13 12 11 10 9 8
PFCOPFCOH)] o | o | o | o | o | o | o | Pprcos |
7 6 5 4 3 2 1 0

(PFCOL)| PFC97 | PFCO6 | PFC95 | PFCo4 | PFCe3 | PFCo2 | PFCo1 | PFCeo |

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, they 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.

(5) Port 9 function control expansion register (PFCE9)

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

15 14 13 12 1 10 9 8
PFCE9 (PFCE9H) [ 0  |PFCE914|PFCE913] 0 0 0 0 o |
7 6 5 4 3 2 1 0

(PFCESL) | PFCE97 | PFCE96 | PFCE95 | PFCE94 | PFCE93 | PFCE92 | PFCEO1 | PFCEQO |

Remarks 1. For details of alternate function specification, see 4.3.7 (6) Port 9 alternate function

specifications.

2. The PFCED 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 PFCEOL register, they can be read or written in 8-bit or 1-
bit units.

3. To read/write bits 8 to 15 of the PFCEO 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

PFCE914 Specification of P914 pin alternate function
0 SOF3 output
1 INTP20 input
PFCE913 Specification of P913 pin alternate function
0 SIF3 input
1 INTP19 input
PFC98 Specification of P98 pin alternate function
0 TENCO1 input
1 INTP17 input
PFCE97 PFC97 Specification of P97 pin alternate function
0 0 TENCOO input
0 1 TITO1 input/KR7 input
1 0 TOTO1 output
1 1 Setting prohibited

Caution KR7 and TITO1 are alternate functions. When using the pin for the TITO1 function, disable key
return detection of KR7, which is the alternate function (set the KRM.KRM7 bit to 0). Also, when
using the pin for the KR7 function, disable edge detection of TIT01, which is the alternate
function (set the TTIOIOC1.TT0IS3 and TTOIS2 bits to 00).

PFCE96 PFC96 Specification of P96 pin alternate function
0 0 TECRO input
0 1 TITOO input/KR6 input
1 0 TOTOO0 output
1 1 Setting prohibited

Caution KR6 and TITOO are alternate functions. When using the pin for the TIT0O0 function, disable key
return detection of KR6, which is the alternate function (set the KRM.KRM6 bit to 0). Also, when
using the pin for the KR6 function, disable edge detection of TIT00, which is the alternate
function (set the TTIOIOC1.TT0IS1 and TTOISO bits to 00).

PFCE95 PFC95 Specification of P95 pin alternate function
0 0 TOAB1B3 output
0 1 EVTAB1 input/KR5 input
1 0 INTP16 input
1 1 Setting prohibited

Caution KR5 and EVTAB1 are alternate functions. When using the pin for the EVTAB1 function, disable
key return detection of KR5, which is the alternate function (set the KRM.KRM5 bit to 0). Also,
when using the pin for the KR5 function, disable edge detection of EVTAB1, which is the

alternate function (set the TAB110C2.TAB1EES1 and TAB1EESO bits to 00).
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PFCE94 PFC94 Specification of P94 pin alternate function
0 0 TOAB1T3 output/TOAB13 output
0 1 TIAB13 input/KR4 input
1 0 INTP15 input
1 1 Setting prohibited

Caution KR4 and TIAB13 are alternate functions. When using the pin for the TIAB13 function, disable
key return detection of KR4, which is the alternate function (set the KRM.KRM4 bit to 0). Also,
when using the pin for the KR4 function, disable edge detection of TIAB13, which is the
alternate function (set the TAB110C1.TAB1IS7 and TAB1IS6 bits to 00).

PFCE93 PFC93 Specification of P93 pin alternate function
0 0 TOAB1B2 output
0 1 TRGABH1 input/KR3 input
1 0 INTP14 input
1 1 Setting prohibited

Caution KR3 and TRGAB1 are alternate functions. When using the pin for the TRGAB1 function, disable
key return detection of KR3, which is the alternate function (set the KRM.KRM3 bit to 0). Also,
when using the pin for the KR3 function, disable edge detection of TRGAB1, which is the
alternate function (set the TAB1I0C2.TAB1ETS1 and TAB1ETSO bits to 00).

PFCE92 PFC92 Specification of P92 pin alternate function
0 0 TOAB1T2 output/TOAB12 output
0 1 TIAB12 input/KR2 input
1 0 INTP13 input
1 1 Setting prohibited

Caution KR2 and TIAB12 are alternate functions. When using the pin for the TIAB12 function, disable
key return detection of KR2, which is the alternate function (set the KRM.KRM2 bit to 0). Also,
when using the pin for the KR2 function, disable edge detection of TIAB12, which is the
alternate function (set the TAB110C1.TAB11IS5 and TAB11S4 bits to 00).

PFCE91 PFCO1 Specification of P91 pin alternate function
0 0 TOAB1B1 output
0 1 TIAB10 input/KR1 input
1 0 TOAB10 output
1 1 Setting prohibited

Caution KR1 and TIAB10 are alternate functions. When using the pin for the TIAB10 function, disable
key return detection of KR1, which is the alternate function (set the KRM.KRM1 bit to 0). Also,
when using the pin for the KR1 function, disable edge detection of TIAB10, which is the
alternate function (set the TAB110C1.TAB1IS1 and TAB1IS0 bits to 00).

PFCEQ0 PFC90 Specification of P90 pin alternate function
0 0 TOAB1T1 output/TOAB11 output
0 1 TIAB11 input/KRO input
1 0 INTP12 input
1 1 Setting prohibited

Caution KRO and TIAB11 are alternate functions. When using the pin for the TIAB11 function, disable
key return detection of KRO, which is the alternate function (set the KRM.KRMO bit to 0). Also,
when using the pin for the KRO function, disable edge detection of TIAB11, which is the
alternate function (set the TAB110C1.TAB1IS3 and TAB1IS2 bits to 00).
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(7) Port 9 function register (PF9)

(a) V850ES/JG3-E

After reset : 0000H R/W Address: PF9 FFFFFC72H
PFC9OL FFFFFC72H, PFC9H FFFFFC73H

15 14 13 12 11 10 9 8
PFo (PFoH)| PFo15 | PFo14 | PFo13 | PFat2 | o | o | o | Pros |
7 6 5 4 3 2 1 0

(PFoL)| PFo7 | PFoe | PFos | PFo4 | PFos | PFa2 | PFo1 | PFoo |

PF9n Control of normal output or N-ch open-drain output (n = 0 to 8,12 to 15)

0 Normal output (CMOS output)

1 N-ch open-drain output

Caution When output pins are pulled up to EVob or higher, be sure to set the PF9n bit to 1.

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, they 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 PortDL
Port DL is a 1-bit (VB50ES/JE3-E) or 11-bit(V850ES/JG3-E) port for which 1/O settings can be controlled in 1-bit units.
Port DL includes the following alternate-function pins.

Table 4-13. Port DL Alternate-Function Pins

Pin Name Pin No. Alternate-Function Pin Name I/0 Remark
JE3E | JG3E

PDLO - 58 - - -
PDLA - 59 - -

PDL2 - 60 - -

PDL3 - 66 - -

PDL4 - 67 - -

PDL5 49 79 FLMD1 " I/0

PDL6 - 83 - -

PDL7 - 84 - -

PDL8 - 33 - -

PDL9 - 34 - -

PDL10 - 43 - -

Note Since this pin is set in the flash memory programming mode, it does not need to be manipulated with the port
control register. For details, see CHAPTER 30 FLASH MEMORY.

Remark JE3E: V850ES/JE3-E
JG3E: V850ES/JG3-E
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(1) Port DL register L (PDLL)/ Port DL register (PDL)

(a) V850ES/JE3-E

After reset: 00H(output latch) R/W Address:FFFFF004H

7 6 5 4 3 2 1 0
PoiLf o | o |pois| o | o | o | o | o |
PDL5 QOutput data control (In output mode)
0 Output 0.
1 Output 1.

(b) V850ES/JG3-E

After reset: 0000H (output latch) R/W Address: PDL FFFFF004H,
PDLL FFFFF004H, PDLH FFFFFOO5H

15 14 13 12 11 10 9 8
oot o | o | o | o | o [pouo]| Poe | Pos |
7 6 5 4 3 2 ! 0

(PDLL)| PDL7 | PDL6 | PDL5 | PDL4 | PDL3 | PDL2 | PDL1 | PDLO |

PDLn Output data control (In output mode) (n = 0 to 10)
0 Output 0.
1 Output 1.

Remarks 1. The PDL register can be read or written in 16-bit units.
However, when using the higher 8 bits of the PDL register as the PDLH register and
the lower 8 bits as the PDLL register, they can be read or written in 8-bit or 1-bit units.

2. To read/write bits 8 to 15 of the PDL register in 8-bit or 1-bit units, specify them as
bits 0 to 7 of the PDLH register.
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(2) Port DL mode register (PMDL)

(a) V850ES/JE3-E

After reset: FFH R/W Address:FFFFF024H

7 6 5 4 3 2 ! 0
port | 1 | 1 [ewos| 1 | 1 [ 1 [ 1 [ 1|
PMDL5 I/0 mode control

0 Output mode.

1 Input mode.

(b) VB50ES/JG3-E

After reset: FFFFH R/W Address: PMDL FFFFF024H,
PMDLL FFFFF024H, PMDLH FFFFF025H

15 14 13 12 11 10 9 8
PvoLPMDLH)[ 1 | 1 | 1 | 1 | 1 |pmpLio| PvDLO | PMDLS |
7 6 5 4 3 2 1 0

(PMDLL)| PMDL7 | PMDL6 | PMDL5 | PMDL4 | PMDL3 | PMDL2 | PMDL1 | PMDLO |

PMDLn I/0O mode control (n =0 to 10)

0 Output mode.

1 Input mode.

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

4.4 Port Register Settings When Alternate Function Is Used

Table 4-14 shows the port register settings when each port is used for an alternate function. When using a port pin as
an alternate-function pin, refer to the description of each pin.

RO1UH0232EJ0200 Rev.2.00 139
Mar 25, 2014 RENESANAS



%g Table 4-14. Using Port Pin as Alternate-Function Pin (1/8)
-ﬁ % Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnXx Bit of PFCnx Bit of Other Bits
o § Name /0 Pn Register PMn Register PMCn Register PFCEnN Register PFCn Register (Registers)
= E P02 NMI Input P02 = Setting not required | PM02 = Setting not required| PMCO02 = 1 - -
§ PO3™* INTPOO "™ Input P03 = Setting not required | PMO03 = Setting not required| PMC03 = 1 PFCE03=0 PFC03=0
© ADTRG"™™" Input P03 = Setting not required | PM03 = Setting not required| PMCO03 = 1 PFCE03 =0 PFCO03 =1
(iDU EXCLK"* Input P03 = Setting not required | PMO03 = Setting not required| PMCO03 = 1 PFCEO3 =1 PFC03 =0
N P20 INTPO1 Input P20 = Setting not required | PM20 = Setting not required| PMC20 = 1 PFCE20 =1 -
8 P21 M RTCDIV ™" Output | P21 = Setting not required | PM21 = Setting not required| PMC21= 1 PFCE21 =1 PFC21=0
RTCCL ™" Output | P21 = Setting not required | PM21 = Setting not required| PMC21= 1 PFCE21 =1 PFC21 =1
pa2g™ee RTC1HZ"* | Output | P22 = Setting not required | PM22 = Setting not required| PMC22= 1 PFCE22 =1 PFC22=0
INTPO2"*® Input P22 = Setting not required | PM22 = Setting not required| PMC22= 1 PFCE22 =1 PFC22 =1
p2g"* SIF1 ™ Input P23 = Setting not required | PM23 = Setting not required| PMC23= 1 PFCE23 =0 PFC23=0
TXDC1 ™" Output | P23 = Setting not required | PM23 = Setting not required| PMC23= 1 PFCE23 =0 PFC23 =1
» SDA00™* I/0 P23 = Setting not required | PM23 = Setting not required| PMC23= 1 PFCE23 =1 PFC23 =0 PF23 (PF2) = 1
m INTPO3"*® Input P23 = Setting not required | PM23 = Setting not required| PMC23= 1 PFCE23 =1 PFC23 =1
Z P24 " SOF1™* Output | P24 = Setting not required | PM24 = Setting not required| PMC24= 1 PFCE24 =0 PFC24 =0
m RXDC1""* Input P24 = Setting not required | PM24 = Setting not required| PMC24= 1 PFCE24 =0 PFC24 =1
m ScLoo™* I/0 P24 = Setting not required | PM24 = Setting not required| PMC24= 1 PFCE24 =1 PFC24 =0 PF24 (PF2)=1
a INTPO4 " Input P24 = Setting not required | PM24 = Setting not required| PMC24= 1 PFCE24 =1 PFC24 =1
paste SCKF1"™ I/0 P25 = Setting not required | PM25 = Setting not required| PMC25= 1 PFCE25 =0 PFC25=0
TIAB30"™" Input P25 = Setting not required | PM25 = Setting not required| PMC25= 1 PFCE25 =0 PFC25 =1
TOAB30"* Output | P25 = Setting not required | PM25 = Setting not required| PMC25= 1 PFCE25 = 1 PFC25=0
P26"* TIAB31 ™" Input P26 = Setting not required | PM26 = Setting not required| PMC26= 1 PFCE26 =0 PFC26 =0
TOAB31"™* Output | P26 = Setting not required | PM26 = Setting not required| PMC26= 1 PFCE26 =0 PFC26 =1
INTPO5 " Input P26 = Setting not required | PM26 = Setting not required| PMC26= 1 PFCE26 = 1 PFC26 =0
Note V850ES/JG3-E only
3
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Table 4-14. Using Port Pin as Alternate-Function Pin (2/8)

Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Name /0 Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)
P30 TXDCO Output | P30 = Setting not required | PM30 = Setting not required| PMC30= 1 PFCE30 =0 PFC30=0
SIF2 Input P30 = Setting not required | PM30 = Setting not required| PMC30= 1 PFCE30 =0 PFC30 =1
TIAAOO Input P30 = Setting not required | PM30 = Setting not required| PMC30= 1 PFCE30 =1 PFC30=0
TOAAO00 Output | P30 = Setting not required | PM30 = Setting not required| PMC30= 1 PFCES30 =1 PFC30 =1
P31 RXDCO Input P31 = Setting not required | PM31 = Setting not required| PMC31= 1 PFCE31 =0 PFC31=0
SOF2 Output | P31 = Setting not required | PM31 = Setting not required| PMC31= 1 PFCE31 =0 PFC31 =1
TIAAO1 Input P31 = Setting not required | PM31 = Setting not required| PMC31= 1 PFCE31 =1 PFC31=0
TOAAO1 Output | P31 = Setting not required | PM31 = Setting not required| PMC31= 1 PFCE31 =1 PFC31 =1
P32 ASCKCO l{e} P32 = Setting not required | PM32 = Setting not required| PMC32= 1 PFCE32 =0 PFC32=0
SCKF2 /0 P32 = Setting not required | PM32 = Setting not required| PMC32= 1 PFCE32=0 PFC32 = 1
TIAA10 Input P32 = Setting not required | PM32 = Setting not required| PMC32= 1 PFCE32 =1 PFC32=0
TOAA10 Output | P32 = Setting not required | PM32 = Setting not required| PMC32= 1 PFCE32 =1 PFC32 =1
P33™* SIF4™* Input P33 = Setting not required | PM33 = Setting not required| PMC33= 1 PFCE33=0 PFC33=0
TIAA1{™" Input P33 = Setting not required | PM33 = Setting not required| PMC33= 1 PFCES33 =1 PFC33=0
TOAA11™" Output | P33 = Setting not required | PM33 = Setting not required| PMC33= 1 PFCE33 =1 PFC33=1
P34™* SOF4™* Output | P34 = Setting not required | PM34 = Setting not required| PMC34 = 1 PFCE34 =0 PFC34=0
TIAA20" " Input P34 = Setting not required | PM34 = Setting not required| PMC34 = 1 PFCE34 =1 PFC34 =0
TOAA20"™ " Output | P34 = Setting not required | PM34 = Setting not required| PMC34 = 1 PFCE34 =1 PFC34 =1
Note VB850ES/JG3-E only
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Table 4-14. Using Port Pin as Alternate-Function Pin (3/8)

Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)
P35 'SCKF4™ " | 1/0 P35 = Setting not required | PM35 = Setting not required| PMC35 = 1 PFCE35 =0 PFC35=0
TIAA21 ™" Input P35 = Setting not required | PM35 = Setting not required| PMC35 = 1 PFCE35 =0 PFC35 =1
TOAA21™"" | Output | P35 = Setting not required | PM35 = Setting not required| PMC35 = 1 PFCES35 =1 PFC35=0
TOAA1OFF*™®"* | Input | P35 = Setting not required | PM35 = Setting not required| PMC35 = 1 PFCE35 =1 PFC35 =1
INTPO6"""* | Input | P35 = Setting not required | PM35 = Setting not required| PMC35 = 1 PFCES35 =1 PFC35 =1
P36 TXDC2 Output | P36 = Setting not required | PM36 = Setting not required| PMC36 = 1 PFCES36 =0 PFC36 =0
SDA02 110 P36 = Setting not required | PM36 = Setting not required| PMC36 = 1 PFCE36 =0 PFC36 =1 PF36 (PF3) =1
CTXDO"™"* Input | P36 = Setting not required | PM36 = Setting not required| PMC36 = 1 PFCE36 = 1 PFC36=0
P37 RXDC2 Input P37 = Setting not required | PM37 = Setting not required| PMC37 = 1 PFCE37 =0 PFC37 =0
SCL02 110 P37 = Setting not required | PM37 = Setting not required| PMC37 = 1 PFCE37 =0 PFC37 =1 PF37 (PF3) =1
CRXD0Q"** Input P37 = Setting not required | PM37 = Setting not required| PMC37 = 1 PFCE37 =1 PFC37 =0
P40 SIF0 Input P40 = Setting not required | PM40 = Setting not required| PMC40 = 1 PFCE40 =0 PFC40=0
TXDC3 Output | P40 = Setting not required | PM40 = Setting not required| PMC40 = 1 PFCE40 =0 PFC40 =1
SDAO1 110 P40 = Setting not required | PM40 = Setting not required| PMC40 = 1 PFCE40 =1 PFC40 =0 PF40 (PF4) =1
RTP0OO Output | P40 = Setting not required | PM40 = Setting not required| PMC40 = 1 PFCE40 =1 PFC40 =1
P41 SOF0 Output | P41 = Setting not required | PM41 = Setting not required| PMC41 = 1 PFCE41 =0 PFC41 =0
RXDC3 Input P41 = Setting not required | PM41 = Setting not required| PMC41 = 1 PFCE41 =0 PFC41 =1
SCLO1 110 P41 = Setting not required | PM41 = Setting not required| PMC41 = 1 PFCE41 =1 PFC41=0 PF41 (PF4) =1
RTPO1 Output | P41 = Setting not required | PM41 = Setting not required| PMC41 = 1 PFCE41 =1 PFC41 =1
Notes 1. V850ES/JG3-E only

2. TOAA1OFF and INTPO9 are alternate functions.
function.

Also, when using the pin for the INTP09 function, stop the high-impedance output controller.
3. ©PD70F3829 and 70F3837 only

When using the pin for the TOAA1OFF function, disable edge detection of INTP09, which is the alternate
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%g Table 4-14. Using Port Pin as Alternate-Function Pin (4/8)
_'@ % Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
E § Name /0 Pn Register PMn Register PMCn Register PFCEnN Register PFCn Register (Registers)
= E P42 SCKFO l{e} P42 = Setting not required | PM42 = Setting not required| PMC42 = 1 PFCE42 =0 PFC42 =0
§ TIAA40 Input P42 = Setting not required | PM42 = Setting not required| PMC42 = 1 PFCE42 =0 PFC42 =1
© TOAA40 Output | P42 = Setting not required | PM42 = Setting not required| PMC42 = 1 PFCE42 =1 PFC42=0
(iDU RTP02 Output | P42 = Setting not required | PM42 = Setting not required| PMC42 = 1 PFCE42 =1 PFC42 =1
N P43"* RTPO3"* Output | P43 = Setting not required | PM43 = Setting not required| PMC43 = 1 PFCE43 =1 PFC43=0
8 P44 RTP04"* Output | P44 = Setting not required | PM44 = Setting not required| PMC44 = 1 PFCE44 =1 PFC44 =0
P45 ™" TIAA41 ™" Input P45 = Setting not required | PM45 = Setting not required| PMC45 = 1 PFCE45 =0 PFC45 =1
TOAA41 ™" Output | P45 = Setting not required | PM45 = Setting not required| PMC45 = 1 PFCE45 =1 PFC45=0
RTPO5"* Output | P45 = Setting not required | PM45 = Setting not required| PMC45 = 1 PFCE45 =1 PFC45 =1
P50 INTPO7 Input P50 = Setting not required | PM50 = Setting not required| PMC50 = 1 - -
DDI Input P50 = Setting not required | PM50 = Setting not required| PMC50 = Setting not required - - OCDMO (OCDM) =1
» P51 INTPO8 Input P51 = Setting not required | PM51 = Setting not required| PMC51 = 1 - -
m DDO Output | P51 = Setting not required | PM51 = Setting not required| PMC51 = Setting not required - - OCDMO (OCDM) =1
Z P52 INTP0O9 Input P52 = Setting not required | PM52 = Setting not required| PMC52 = 1 - -
m DCK Input P52 = Setting not required | PM52 = Setting not required| PMC52 = Setting not required - - OCDMO (OCDM) =1
m P53 INTP10 Input P53 = Setting not required | PM53 = Setting not required| PMC53 = 1 - -
a DMS Input P53 = Setting not required | PM53 = Setting not required| PMC53 = Setting not required - - OCDMO (OCDM) =1
P54 INTP11 Input P54 = Setting not required | PM54 = Setting not required| PMC54 = 1 - -
DRST Input P54 = Setting not required | PM54 = Setting not required| PMC54 = Setting not required - - OCDMO (OCDM) = 1
Note V850ES/JG3-E only
5
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gg Table 4-14. Using Port Pin as Alternate-Function Pin (5/8)
% % Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
E § Name /0 Pn Register PMn Register PMCn Register PFCEnN Register PFCn Register (Registers)
g P70 ANIO Input P70 = Setting not required | PM70 = 1 - - -
§ P71 AN Input P71 = Setting not required | PM71 =1 - - -
P72 ANI2 Input P72 = Setting not required | PM72 =1 - - -
(iDU P73 ANI3 Input P73 = Setting not required | PM73 =1 - - -
N P74 ANI4 Input P74 = Setting not required | PM74 =1 - - -
8 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 - - -
Poo ™! TOAB1T1 Output | P90 = Setting not required | PM90 = Setting not required| PMC90 = 1 PFCEQ0 =0 PFC90 =0
» TOAB11 Output | P90 = Setting not required | PM90 = Setting not required| PMC90 = 1 PFCE90 =0 PFC90 =0
m TIAB11"™*"* | Input P90 = Setting not required | PM90 = Setting not required| PMC90 = 1 PFCE90 =0 PFC90 = 1 KRMO (KRM) = 0
Z KRQ"*"? Input P90 = Setting not required | PM90 = Setting not required| PMC90 = 1 PFCE90 =0 PFC90 =1 TAB1TIS3, TAB1TIS2 (TAB110C1) =0
m INTP12 Input P90 = Setting not required | PM90 = Setting not required| PMC90 = 1 PFCEQ0 = 1 PFC90=0
m P91 TOAB1B1 Output | P91 = Setting not required | PM91 = Setting not required| PMC91 = 1 PFCE91 =0 PFC91 =0
a TIAB10™"°"* | Input | P91 = Setting not required | PM91 = Setting not required| PMC91 = 1 PFCE91=0 PFC91 =1 KRM1 (KRM) = 0
KR{"e"? Input P91 = Setting not required | PM91 = Setting not required| PMC91 = 1 PFCE91 =0 PFC91 =1 TAB1TIS1, TAB1TISO (TAB110C1) =0
TOAB10 Output | P91 = Setting not required | PM91 = Setting not required| PMC91 = 1 PFCE91 =1 PFC91 =0 PF91 (PF9) =1
Notes 1. V850ES/JGS3-E only
2. KROand TIAB11 are alternate functions. When using the pin for the TIAB11 function, disable key return detection of KRO, which is the alternate function (set
the KRM.KRMO bit to 0). Also, when using the pin for the KRO function, disable edge detection of TIAB11, which is the alternate function (set the
TAB110C1.TAB11S3 and TAB11S2 bits to 00).
3. KR1 and TIAB10 are alternate functions. When using the pin for the TIAB10 function, disable key return detection of KR1, which is the alternate function (set
the KRM.KRM1 bit to 0). Also, when using the pin for the KR1 function, disable edge detection of TIAB10, which is the alternate function (set the
TAB110C1.TAB11S1 and TAB11S0 bits to 00).
E
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§ =) Table 4-14. Using Port Pin as Alternate-Function Pin (6/8
= =
nC
o g Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
E § Name /0 Pn Register PMn Register PMCn Register PFCEn Register PFCn Register (Registers)
~
m pg2 ! TOAB1T2"*" | Output | P92 = Setting not required | PM92 = Setting not required| PMC92 = 1 PFCE92 =0 PFC92 =0
S
8 TOAB12™*" | Output | P92 = Setting not required | PM92 = Setting not required| PMC92 = 1 PFCE92 =0 PFC92 =0
)
TIAB12"*°"? Input P92 = Setting not required | PM92 = Setting not required| PMC92 = 1 PFCE92 =0 PFC92 =1 KRM2 (KRM) =0
(iDU KR2""*"? Input P92 = Setting not required | PM92 = Setting not required| PMC92 = 1 PFCE92 =0 PFC92 =1 TAB1TIS5, TAB1TIS4 (TAB110C1) =0
o INTP13"*" Input P92 = Setting not required | PM92 = Setting not required| PMC92 = 1 PFCE92 =1 PFC92 =0
o
o pog ™! TOAB1B2""" | Output | P93 = Setting not required | PM93 = Setting not required| PMC93 = 1 PFCE93 =0 PFC93 =0
TRGAB1"™"°"* | Input | P93 = Setting not required | PM93 = Setting not required| PMC93 = 1 PFCE93=0 PFC93 =1 KRM3 (KRM) = 0
KR3"*"? Input P93 = Setting not required | PM93 = Setting not required| PMC93 = 1 PFCE93 =0 PFC93 =1 TAB1ETS1, TAB1ETSO (TAB110C1) =0
INTP14™"" Input P93 = Setting not required | PM93 = Setting not required| PMC93 = 1 PFCE93 =1 PFC93 =0
P4 ! TOAB1T3™*" | Output | P94 = Setting not required | PM94 = Setting not required| PMC94 = 1 PFCE94 =0 PFC94 =0
TOAB13™*" | Output | P94 = Setting not required | PM94 = Setting not required| PMC94 = 1 PFCE94 =0 PFC94 =0
TIAB13"™*"* | Input P94 = Setting not required | PM94 = Setting not required| PMC94 = 1 PFCE94 =0 PFC94 =1 KRM2 (KRM) = 0
KR®™ et Input P94 = Setting not required | PM94 = Setting not required| PMC94 = 1 PFCE94 =0 PFC94 =1 TAB1TIS7, TAB1TIS6 (TAB110C1) =0
INTP15""" Input P94 = Setting not required | PM94 = Setting not required| PMC94 = 1 PFCE94 =1 PFC94 =0
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Notes 1. V850ES/JG3-E only

2. KR2 and TIAB12 are alternate functions. When using the pin for the TIAB12 function, disable key return detection of KR2, which is the alternate function (set
the KRM.KRM2 bit to 0). Also, when using the pin for the KR2 function, disable edge detection of TIAB12, which is the alternate function (set the
TAB110C1.TAB11S5 and TAB11S4 bits to 00).

3. KR3 and TRGABH1 are alternate functions. When using the pin for the TRGAB1 function, disable key return detection of KR3, which is the alternate function
(set the KRM.KRM3 bit to 0). Also, when using the pin for the KR3 function, disable edge detection of TRGAB1, which is the alternate function (set the
TAB1I0C2.TAB1ETS1 and TAB1ETSO bits to 00).

4. KR4 and TIAB13 are alternate functions. When using the pin for the TIAB13 function, disable key return detection of KR4, which is the alternate function (set
the KRM.KRM4 bit to 0). Also, when using the pin for the KR4 function, disable edge detection of TIAB13, which is the alternate function (set the
TAB1I0C1.TAB11S7 and TAB11S6 bits to 00).
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TAB110C2.TAB1EES1 and TAB1EESO bits to 00).

3. KR6 and TITOO are alternate functions.

%g Table 4-14. Using Port Pin as Alternate-Function Pin (7/8)
!8 % Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
E § Name 1/0 Pn Register PMn Register PMCn Register PFCEnN Register PFCn Register (Registers)
= m pPg5 ! TOAB1B3"™"" | Output | P95 = Setting not required | PM95 = Setting not required| PMC95 = 1 PFCE95 =0 PFC95 =0
§ EVTAB1"™""? | Input P95 = Setting not required | PM95 = Setting not required| PMC95 = 1 PFCE95 =0 PFC95 =1 KRMS5 (KRM) = 0
© KR5"e "2 Input | P95 = Setting not required | PM95 = Setting not required| PMC95 = 1 PFCE95 =0 PFCO5 = 1 TAB1EES1, TAB1EESO (TAB110C1) = 0
(iDU INTP16""" Input P95 = Setting not required | PM95 = Setting not required| PMC95 = 1 PFCE95 =1 PFC95 =0
N P9g "’ TECRO™™' Input P96 = Setting not required | PM96 = Setting not required| PMC96 = 1 PFCE96 =0 PFC96 =0
8 TITOO™ "* Input P96 = Setting not required | PM96 = Setting not required| PMC96 = 1 PFCE96 = 1 PFC96 =0 KRM6 (KRM) = 0
KR@"""* Input P96 = Setting not required | PM96 = Setting not required| PMC96 = 1 PFCE96 = 1 PFC96 =0 TTOIS1, TTOISO (TTIOIOC1) =0
TOTOO ! Output | P96 = Setting not required | PM96 = Setting not required| PMC96 = 1 PFCE96 = 1 PFC96 =0
pg7™e! TENCO0™*" | Input P97 = Setting not required | PM97 = Setting not required| PMC97 = 1 PFCE97 =0 PFC97 =0
TITOq" " Input P97 = Setting not required | PM97 = Setting not required| PMC97 = 1 PFCE97 =0 PFC97 =1 KRM7 (KRM) = 0
KR7"*"* Input P97 = Setting not required | PM97 = Setting not required| PMC97 = 1 PFCE97 =0 PFC97 =1 TTOIS3, TTOIS2 (TTIOIOC1) =0
» TOTO1 ™! Output | P97 = Setting not required | PM97 = Setting not required| PMC97 = 1 PFCE97 =1 PFC97 =0
m poge! TENCO1"™*" | Input P98 = Setting not required | PM98 = Setting not required| PMC98 = 1 - PFC98 =0
Z INTP17""" Input | P98 = Setting not required | PM98 = Setting not required| PMC98 = 1 - PFC98 = 1
a Notes 1. V850ES/JG3-E only
2. KR5 and EVTABI are alternate functions. When using the pin for the EVTAB1 function, disable key return detection of KR5, which is the alternate function
a (set the KRM.KRMS5 bit to 0). Also, when using the pin for the KR5 function, disable edge detection of EVTAB1, which is the alternate function (set the

When using the pin for the TITOO function, disable key return detection of KR6, which is the alternate function (set

the KRM.KRM® bit to 0). Also, when using the pin for the KR6 function, disable edge detection of TIT0O, which is the alternate function (set the
TTIOIOC1.TTOIS1 and TTOISO bits to 00).

4. KR7 and TITO1 are alternate functions.

When using the pin for the TITO1 function, disable key return detection of KR7, which is the alternate function (set

the KRM.KRM7 bit to 0). Also, when using the pin for the KR7 function, disable edge detection of TITO1, which is the alternate function (set the
TTIOIOC1.TTOIS3 and TTOIS2 bits to 00).
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2. TOAB10OFF and INTP18 are alternate functions.
function (set the INTR9.INTR912 and INTF9.INTF912 bits to 0).

which is the alternate function (set the HZAOCTL0. HZAODCNO and NZAODCPO bits to 00).

3. Since this pin is set in the flash memory programming mode, it does not need to be manipulated using the port control register.

FLASH MEMORY.

s} . . . .
§9 Table 4-14. Using Port Pin as Alternate-Function Pin (8/8)
nC
o g Pin Name Alternate Function Pnx Bit of PMnx Bit of PMCnx Bit of PFCEnx Bit of PFCnx Bit of Other Bits
E § Name 1/0 Pn Register PMn Register PMCn Register PFCEnN Register PFCn Register (Registers)
N
E P912™*' | TOAB1OFF Input P912 = Setting not required | PM912 = Setting not required | PMC912 = 1 - - INTR912 (INTR9) = 0, INTF912 (INTF9) = 0
% Note 1,2
o
© INTP18™*"* | Input P912 = Setting not required | PM912 = Setting not required | PMC912 = 1 - - HZAODCNO, NZAODCPO (HZAOCTLO) = 00
<:DU P913™*" | SIF3"*’ Input P913 = Setting not required | PM913 = Setting not required | PMC913 = 1 PFCE913=0 -
<
o INTP19 Input P913 = Setting not required | PM913 = Setting not required | PMC913 = 1 PFCE913 =1 -
o
=) P914™*' | SOF3"*! Output | P914 = Setting not required | PM914 = Setting not required | PMC914 = 1 PFCE914 =0 -
INTP20"" Input P914 = Setting not required | PM914 = Setting not required | PMC914 = 1 PFCE914 =1 -
P915™*" | SCKF3"*" 1/0 P915 = Setting not required | PM915 = Setting not required | PMC915 = 1 - -
PDL5 FLMD1"*® Input PDL5 = Setting not required | PMDL5 = Setting not required | PMCDL5 = Setting not - -
required
Notes 1. V850ES/JG3-E only

When using the pin for the TOAB1OFF function, disable interrupt detection of INTP18 , which is the alternate
Also, when using the pin for the INTP18 function, disable edge detection of TOAB10OFF,

For details, see CHAPTER 30
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VB850ES/JES-E, V850ES/JG3-E CHAPTER 4 PORT FUNCTIONS

4.5 Cautions
4.5.1 Cautions on setting port pins

(1) In the VB50ES/JE3-E and V850ES/JG3-E, the general-purpose port functions share pins with several peripheral
function I/O pins. Switch between the general-purpose port (port mode) and the peripheral function 1/0 pin
(alternate-function mode) by setting the PMCn register. Note the following cautions with regards to this register
setting sequence.

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

<1> Set the PFn register"™": N-ch open-drain setting

<2> Set the PFCn and PFCEn registers: Alternate-function selection

<3> Set the corresponding bit of the PMCn register to 1: Switch to alternate-function mode
<4> Set the INTRn and INTFn registers"*°*: External interrupt setting

If the PMCn register is set first, note that unexpected operations may occur at that moment or depending on
the change of the pin states in accordance with the setting of the PFn, PFCn, and PFCERn registers.
A concrete example is shown in [Example] below.

Notes 1. N-ch open-drain output pin only
2. Only when the external interrupt function is selected

Caution Regardless of the port mode/alternate-function mode, the Pn register is read and written as
follows.
e Pn register read: Read the port output latch value (when PMn.PMnm bit = 0), or read the
pin states (PMn.PMnm bit = 1).
e Pn register write: Write to the port output latch

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

PMC41 Bit PFC41 Bit PF41 Bit Valid Pin Function
0 don’t care 1 P41 (in output port mode, N-ch open-drain output)
1 0 1 SOFO0 output (N-ch open-drain output)
1 1 SCLO1 I/O (N-ch open-drain output)
RO1UH0232EJ0200 Rev.2.00 148
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V850ES/JES-E, VB50ES/JG3-E

CHAPTER 4 PORT FUNCTIONS

The setting procedure that may cause malfunction on switching from the P41 pin to the SCLO1 pin
is shown below.

Setting Procedure | Setting Contents 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 SOFO output Low level (high level depending on the
CSIFO 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>, I°C communication may be affected since the alternate-function SOF0 output is output to the
pin. In the CMOS output period of <2> or <3>, 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 AND
output of the PMCn register set value and the pin level. Thus, depending on the port setting and alternate-
function operation enable timing, unexpected operations may occur. Therefore, switch between the port mode
and alternate-function mode in the following sequence.

¢ To switch 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.

¢ To switch from alternate-function mode (input) to port mode

Stop the alternate-function operation and then switch the pins to the port mode.

Concrete examples are shown in [Example 1] and [Example 2].

[Example 1]

Switching from general-purpose port (P02) to external interrupt pin (NMI)
When the PO2/NMI pin is pulled up as shown in Figure 4-5 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
when switching from the P02 pin to the an NMI pin (PMCO2 bit = 0 — 1), this is detected as a
rising edge as if a 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.

RO1UH0232EJ0200 Rev.2.00
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VB850ES/JES-E, V850ES/JG3-E CHAPTER 4 PORT FUNCTIONS

Figure 4-4. Example of Switching from P02 to NMI (Incorrect)
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PO2/NMI

PMCO02 bit = 0: Low level
2

PMCO2 bit = 1: High level

Remark m=2,3

[Example 2] Switching from external pin (NMI) to general-purpose port (P02)
When the P0O2/NMI pin is pulled up as shown in Figure 4-5 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 a 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 4-5. Example of Switching from NMI to P02 (Incorrect)

7 6 5 4 3 2 1 0

PMCO 1-0

3V
PMCOm bit = 0: Port mode

PMCOm bit = 1: Alternate-function mode
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PMCO2 bit = 1: High level
\

PMCO02 bit = 0: Low level

Remark m=2,3

(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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VB850ES/JES-E, V850ES/JG3-E CHAPTER 4 PORT FUNCTIONS

4.5.2 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, 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 port, the P91 to P97 pins are input ports (all pin statuses are high level),
and the value of the port latch is O0H, 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: The targets of writing to and reading from the Pn register of a port whose PMnm bit is 1 are
the output latch and pin status, respectively.
A bit manipulation instruction is executed in the following order in the V850ES/JE3-E and V850ES/JG3-
E.

<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 port, is read, while the pin
statuses of the P91 to P97 pins, which are input ports, are read. If the pin statuses of the P91 to P97
pins are high level at this time, the read value 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 4-6. Bit Manipulation Instruction (P90 Pin)

Bit manipulation
instruction
PO ©) (set1 0, POL[r0]) P90 © o vl outout
Low-level output is executed for igh-level outpu
P90 bit.
P91 to P97 @ I::> P91 to P97 @
Pin status: High level Pin status: High level
Port 9L latch Port 9L latch
ofolofofofofo]o] EEERERERERERERED

Bit manipulation instruction for P90 bit

<1> POL register is read in 8-bit units.
¢ In the case of P90, an output port, the value of the port latch (0) is read.
¢ In the case of P91 to P97, input ports, the pin status (1) is read.

<2> Set (1) P90 bit.

<3> Write the results of <2> to the output latch of POL register in 8-bit units.
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VB850ES/JES-E, V850ES/JG3-E CHAPTER 4 PORT FUNCTIONS

4.5.3 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 P54/INTP11/DRST pin is initialized to function as an on-chip debug pin (DRST). If a
high level is input to the [Wpin 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 P54/INTP11/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 P54 pin with the utmost care.

Caution After reset by the WDT2RES signal, clock monitor (CLM), or low-voltage detector (LVI), the
P54/INTP11/DRST pin is not initialized to function as an on-chip debug pin (DRST). The OCDM
register holds the current value.

4.5.4 Cautions on P54/INTP11/DRST pin
The P54/INTP11/DRST pin has an internal pull-down resistor (30 kQ TYP.). After a reset by the RESET pin, a pull-
down resistor is connected. The pull-down resistor is disconnected when the OCDMO bit is cleared (0).

4.5.5 Cautions on P51 pin when power is turned on
When the power is turned on, the following pins may output an undefined level temporarily even during reset.

e P51/INTP08/DDO pin

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

P02, P03

P20 to P26

P30 to P37

P40 to P45

P50 to P54

P90 to P98, P912 to P915
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V850ES/JE3-E, VB50ES/JIG3-E CHAPTER 5 CLOCK GENERATION FUNCTION

CHAPTER 5 CLOCK GENERATION FUNCTION

5.1 Overview

The following clock generation functions are available.

O Main clock oscillator
¢ In clock-through mode
fx = 3.0 to 6.25 MHz (fxx = 3.0 to 6.25 MHz)
¢ In PLL mode
fx = 3.0 to 6.25 MHz (x8: fxx = 24 to 50 MHz)
O Subclock oscillator
o fxT=32.768 kHz
O Multiply (x8) function by PLL (Phase Locked Loop)
¢ Clock-through mode/PLL mode selectable
O Internal oscillator
e fr =220 kHz (TYP.)
O Internal system clock generation
o 7 steps (fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, fxr)
O Peripheral clock generation
O Clock output function

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

RO1UH0232EJ0200 Rev.2.00
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V850ES/JE3-E, VB50ES/JIG3-E CHAPTER 5 CLOCK GENERATION FUNCTION

5.2 Configuration

Figure 5-1. Clock Generator

FRC bit
XT1 ©=1 subclock | fxr fxT_ RTC clock,
XT2 ©— oscillator WDT clock
Prescaler 3 RTC clock
IDLE CLS, CK3
MERC PLLON control bits
bit bit IDLE mode —— |
| | CK2 to CKO
X1 O~ B fx fxx bits
Maln clock PLL fo—~= = | IDLE Prescaler 2
X2 ©— oscillator £ | [control HALT
S .
i 3 hod32 8 mode
Main clock 16 % ¢
oscillator X 5 9] 5 ‘
stop control fxx/8 5 S fei HALT fceu CPU clock
T fxx/4 % % control
STOP mode ! ooz | @ @ fex_ Internal
SELPLL bit system clock
fxx
Internal fr . WDT clock,
oscillator 1/8 divider TMM clock
RSTOP bit
UCKSEL
th — Prescaler 1 Peripheral clock
S
B USB clock
EXCLKO @
Remark fx: Main clock oscillation frequency
fxx:  Main clock frequency
fck:  Internal system clock frequency
fxt:  Subclock frequency
fcru:  CPU clock frequency
fR: Internal oscillation clock frequency

R01UHO0232EJ0200 Rev.2.00 154

Mar 25, 2014 RENESAS



V850ES/JE3-E, VB50ES/JIG3-E CHAPTER 5 CLOCK GENERATION FUNCTION

Q)

()

©)

(4)

(5)

(6)

@

®)

Main clock oscillator
The main clock oscillator oscillates the following frequencies (fx).

¢ In clock-through mode
fx = 3.0 to 6.25 MHz

e In PLL mode
fx = 3.0 to 6.25 MHz (x8)

Subclock oscillator
The sub-resonator oscillates a frequency of 32.768 kHz (fxt).

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 = 1 (valid only when
the PCC.CLS bit = 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:
TAA, TAB, TMM, TMT, CSIF, UARTC, I’C, CAN, ADC, WDT2, Ethernet controller

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 (fcru)
and internal system clock (fck).

fcwk is the clock supplied to the INTC, ROM, and RAM blocks.

Prescaler 3
This circuit divides the clock generated by the main clock oscillator (fx) to a specific frequency (32.768 kHz) and
supplies that clock to the real-time counter (RTC) block.

PLL

This circuit multiplies the clock generated by the main clock oscillator (fx) by 8.

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.
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5.3 Registers

(1) Processor clock control register (PCC)
The PCC register is a special register. Data can be written to this register only in combination of specific
sequences (see 3.4.8 Special registers).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 03H.
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After reset: O3H

R/W Address: FFFFF828H

7 <6> 5 <4> <3> 2 1 0
pcc | FRC | Mok | MFRC |cLs™e | cks | ck2 | okt | CKo
FRC Use of subclock on-chip feedback resistor
0 Used
1 Not used

MCK Main clock oscillator control
0 Oscillation enabled

Oscillation stopped

¢ 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.

» Before setting the MCK bit from 0 to 1, stop the on-chip peripheral functions
operating with the main clock.

* When the main clock is stopped and the device is operating with 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.

MFRC Use of main clock on-chip feedback resistor
0 Used
1 Not used

CLGNote Status of CPU clock (fcru)
0 Main clock operation
1 Subclock operation

CK3 CK2 CKA1 CKo Clock selection (fcik/fcru)

0 0 0 0 fxx
0 0 0 1 fxx/2
0 0 1 0 fxx/4
0 0 1 1 fxx/8
0 1 0 0 fxx/16
0 1 0 1 fxx/32
0 1 1 X Setting prohibited
1 X X X fxr

Remark x: don't care

Note The CLS bit is a read-only bit.

Caution Use a bit manipulation instruction to manipulate the CK3 bit.
manipulation instruction, do not change the set values of the CK2 to CKO bits.

When using an 8-bit
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(a) Example of setting main clock operation — subclock operation
<1> CKB3bit « 1: Use of a bit manipulation instruction is recommended. Do not change the CK2 to
CKaO bits.
<2> Subclock operation: 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.
Max.: 1/fxt (1/subclock frequency)
<3> MCK bit « 1: Set the MCK bit to 1 only when stopping the main clock.

Cautions 1. When stopping the main clock, stop the PLL. Also stop the operations of the on-chip
peripheral functions operating with the main clock.
2. If the following conditions are not satisfied, change the CK2 to CKO bits so that the
conditions are satisfied, then change to the subclock operation mode.
Internal system clock (fcLk) > Subclock (fxt: 32.768 kHz) x 4

Remark Internal system clock (fcik): Clock generated from the main clock (fxx) by setting the CK2 to CKO

bits
[Description example]
_DMA DISABLE:
clrl 0, DCHCn[r0] -- DMA operation disabled. n=01t0 3
<1> _SET SUB_RUN :
st.b r0, PRCMDI[r0]
setl 3, PCC[r0] -- CK3 bit « 1
<2> CHECK CLS :
tstl 4, PCCI[ro0] -- Wait until subclock operation starts.
bz _CHECK_CLS
<3> STOP MAIN CLOCK :
st.b r0, PRCMD[r0]
setl 6, PCC[ro0] -- MCK bit < 1, main clock is stopped.
_DMA_ ENABLE:
setl 0, DCHCnl[ro0] -- DMA operation enabled. n=0t0 3

Remark The description above is simply an example. Note that in <2> above, the CLS bit is read in a
closed loop.
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(b) Example of setting subclock operation — main clock operation

<1> MCK bit « 0:
<2> |Insert waits by the program and wait until the oscillation stabilization time of the main clock elapses.
<3> CKS3bit « 0:

Main clock starts oscillating

Use of a bit manipulation instruction is recommended. Do not change the CK2
to CKO bits.
It takes the following time after the CK3 bit is set until main clock operation is
started.

Max.: 1/fxt (1/subclock frequency)

<4> Main clock operation:

Therefore, insert one NOP instruction immediately after setting the CK3 bit to 0
or read the CLS bit to check if main clock operation has started.

Caution Enable operation of the on-chip peripheral functions operating with 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, DCHCnl[r0] -- DMA operation disabled. n=01t0 3
<1> START MAIN OSC :
st.b r0, PRCMD[r0] -- Release of protection of special registers
clrl 6, PCC[ro] -- Main clock starts oscillating.
<2> movea 0x55, r0, rill -- Wait for oscillation stabilization time.
_WAIT OST :
nop
nop
nop
addi -1, rll, ril1
cmp r0o, rill
bne _WAIT OST
<3> st.b r0, PRCMD[r0]
clrl 3, PCC[r0] --CK3« 0
<4> _CHECK_CLS
tstl 4, PCC[ro0] -- Wait until main clock operation starts.
bnz __CHECK_CLS
_DMA ENABLE:
setl 0, DCHCn[ro0] -- DMA operation enabled. n=0t0 3

Remark The description above is simply an example. Note that in <4> above, the CLS bit is read in a

closed loop.
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(2) Internal oscillation 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 O0H.

After reset: 00H R/W Address: FFFFF80CH
7 6 5 4 3 2 1 <0>
rRev [ o | o | o | o | o | o | o |Rsror|
RSTOP Oscillation/stop of internal oscillator
0 Internal oscillator oscillation
1 Internal oscillator stopped

Cautions 1. The internal oscillator cannot be stopped

the RSTOP bit remains being set to 1.

oscillation clock (CCLS.CCLSF bit = 1). Do not set the RSTOP bit to 1.
. The internal oscillator oscillates if the CCLS.CCLSF bit is set to 1 (when WDT overflow
occurs during oscillation stabilization) even when the RSTOP bit is set to 1. At this time,

while the CPU is operating on the internal

(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
4 3 2 1 0
cc,s [ o | o | o | o | o | o | o |cosF|

CCLSF

CPU operation clock status

Operating on main clock (fx) or subclock (fxt).

1 Operating on internal oscillation clock (fr).

to 1 and the reset value is O1H.

Note If WDT overflow occurs during oscillation stabilization after a reset is released, the CCLSF bit is set
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5.4 Operation

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
During During HALT IDLEA1, STOP | Subclock |Sub-IDLE | Subclock |Sub-IDLE
Reset | oOscillaton | Mode IDLE2 Mode Mode Mode Mode Mode
Stabilization Mode
Target Clock Time Count
Main clock oscillator (fx) x (@) (@) (@) X (@) (@) x X
Subclock oscillator (fxt) O O O O O O @) @) @)
CPU clock (fcru) x x x x x O x O x
Internal system clock (fci) x X (@) X X (@) x (@) x
Main clock (in PLL mode, fxx) x oM ¢} x x o o x x
Peripheral clock (fxx to fxx/1,024) x x O X x O X X x
WT clock (main) x (@) (@) (@) X (@) (@) x x
WT clock (sub) O O O O O O @) @) @)
WDT2 clock (internal oscillation) X (@) (@) (@) (@) (@) (@) (@) (@)
WDT2 clock (main) X X O X X @) X x x
WDT2 clock (sub) ¢} ¢} O O O O o o o
Note Lockup time
Remark O: Operable
x: Stopped
RO1UH0232EJ0200 Rev.2.00 161

Mar 25, 2014 RENESAS



V850ES/JE3-E, VB50ES/JIG3-E CHAPTER 5 CLOCK GENERATION FUNCTION

5.5 PLL Function

5.5.1 Overview

In the VB50ES/JE3-E and V850ES/JG3-E, an operating clock that is 8 times higher than the oscillation frequency
output by the PLL function or the clock-through mode can be selected as the operating clock of the CPU and on-chip

peripheral functions.

When PLL function is used (x8): Input clock = 3.0 to 6.25 MHz (output: 24 to 50 MHz)
Clock-through mode: Input clock = 3.0 to 6.25 MHz (output: 3.0 to 6.25 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

4 3 2 <1> <0>
Pett [ o | o | o | o | o | o |sepL] pLiON |
PLLON PLL operation stop register

0 PLL stopped

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

SELPLL CPU operation clock selection register

0 Clock-through mode
1 PLL mode

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
(unlocked), "0" is written to the SELPLL bit if 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

sequence (see 3.4.8 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

7 6 5 4 3 2 1 0
ckc [ o | o | o | o | 1 | o | 1 |ckowo]
CKDIVO Internal system clock (fxx) in PLL mode

0 Setting prohibited
1 fxx = 8 x fx (fx = 3.0 to 6.25 MHz)

Caution 1. Be sure to set the CKC register to 0BH. When setting this register to a value other than
0BH or leaving it set to its initial value without setting it to 0BH, enabling PLL operation
(PLLCTL.SELPLL = 1) is prohibited.

2. Be sure to set bits 3 and 1 to “1”” and clear bits 7 to 4 and 2 to “0”.

Remark Both the CPU clock and peripheral clock are divided by the CKC register, but only the CPU clock is
divided by the PCC register.
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(3) Lock register (LOCKR)
Phase lock occurs at a given frequency following power application or immediately after the STOP mode is
released, and the time required for stabilization is the lockup time (frequency stabilization time). This state until
stabilization is called the lockup status, and the stabilized state 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 O0OH.

After reset: 00H R Address: FFFFF824H

3 2 1 <0>
ockR [ 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
In IDLE2 or STOP mode
Upon setting of PLL stop (clearing of PLLCTL.PLLON bit to 0)
Upon stopping main clock and using CPU with 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 O0H after the reset has been released and the
oscillation stabilization time has elapsed.

[Clear conditions]

¢ Upon overflow of oscillation stabilization time following reset release (OSTS register default time (see 27.2
(3) Oscillation stabilization time select register (OSTS)))

e 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 is released (time set by the OSTS register)
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
from O to 1.
This register can be read or written in 8-bit units.
Reset sets this register to 03H.

After reset: 03H R/W Address: FFFFF6C1H

3 2 1 0
s [ o | o | o | o | o | o |[Pust|PrLso |
PLLS1 PLLSO Selection of PLL lockup time
0 0 219/fx
0 1 21/ix
1 0 2'2/fx
1 1 2'%/fx (default value)

Cautions 1. Set so that the lockup time is 800 us or longer.
2. Do not change the PLLS register setting during the lockup period.

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 = 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 transiting 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 1 ms (min.) or longer.
¢ IDLE2 mode: Set the OSTS register so that the setup time is 350 us (min.) or longer.

(b) When transiting 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 1 ms (min.) or longer.
o IDLE2 mode: Set the OSTS register so that the setup time is 800 us (min.) or longer.

When transiting to the IDLE1 mode, the PLL does not stop. Stop the PLL if necessary.
(2) When PLL is not used

e 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).
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER AA (TAA)
Timer AA (TAA) is 16-bit timer/event counter.
The V850ES/JES3-E and V850ES/JG3-E have TAAO to TAAS.
6.1 Overview

An overview of TAAN is shown below.

e Clock selection: 8 ways
o Capture/trigger input pins: 2
 External event count input pins"®: 1
e External trigger input pin"*: 1
¢ Timer/counter: 1

¢ Capture/compare registers: 2

(32-bit capture timer function available by using a cascade connection of TAAO and TAA1, TAA2 and TAA3.)
o Capture/compare match interrupt request signals: 2
e Timer output pins: 2

Note External event count input pins and external trigger input pins are alternately used as capture/trigger input pins
(TIAANO).

Remark n=0to4

6.2 Functions

TAAnN has the following functions.

e Interval timer

e External event counter

o External trigger pulse output
e One-shot pulse output

e PWM output

e Free-running timer

¢ Pulse width measurement

e Timer-tuned function

¢ Simultaneous-start function
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6.3 Configuration
TAAn includes the following hardware.

Table 6-1. Configuration of TAAn

Item Configuration

Registers 16-bit counter

TAAnN capture/compare registers 0, 1 (TAANCCRO, TAANCCR1)

TAAnN counter read buffer register (TAANCNT)

CCRO, CCR1 buffer registers

TAAn control registers 0, 1 (TAANCTLO, TAANCTL1)

TAAN I/O control registers 0 to 2, 4 (TAAnIOCO to TAAnIOC2, TAANIOC4)
TAAn option registers 0, 1 (TAANOPTO, TAANOPT1)

TAA noise elimination control register (TANFC)

Timer inputs"*’ 2 (TIAAmM0"*°? TIAAm1 pins)
Timer outputs™™®’ 2 (TOAAmMO, TOAAmM1 pins)

Notes 1. When using the functions of the TIAAnO, TIAAn1, TOAANO, and TOAAN1 pins, see Table 4-14
Using Port Pin as Alternate-Function Pin.
2. The TIAANO pin functions alternately as a capture trigger input signal, external event count input
signal, and external trigger input signal.

Remark n=0to4
Refer to Table 6-2 for m.

Figure 6-1. Block Diagram of TAAn

S Internal bus S
boc TAANCNT
fxx/2 ———
fxx/4d —— 5 ﬁ
Note fxx/8 — ©
fxx/16 ——| 2 8 | 16-bit counter INTTAANOV
fxx/32 ——— & 8 y! I Clear
fxx/64 @ =
[%2] = O TOAA
fxx/128 ——+] ﬁ N 2% 8T8AA2?
8 <
CCRO “ 8
buffer
register CCR1 —=—— INTTAAnCCO
{T buffer INTTAANCC1
register
TIAANO O~ g,§ TAANCCRO i
©
TIAANI O~ X' 3 TAAnCCR1
Y
U
S Internal bus S
Note TAA2, TAA3: fxx/2, fxx/4, fxx/8, fxx/16, fxx/64, fxx/256, fxx/512, fxx/1024.
Remark fxx: Main clock frequency
n=0to4
Refer to Table 6-2 for m.
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M

)

3

)

®)

(6)

16-bit counter

This 16-bit counter can count internal clocks or external events.

The count value of this counter can be read by using the TAANCNT register.

When the TAANCTLO.TAANCE bit = 0, the value of the 16-bit counter is FFFFH. If the TAANCNT register is read at
this time, 0000H is read.

Reset sets the TAANCE bit to 0. Therefore, the 16-bit counter is set to FFFFH.

CCRO buffer register

This is a 16-bit compare register that compares the count value of the 16-bit counter.

When the TAANCCRO register is used as a compare register, the value written to the TAANCCRO register is
transferred to the CCRO buffer register. When the count value of the 16-bit counter matches the value of the CCRO
buffer register, a compare match interrupt request signal (INTTAANCCO) is generated.

The CCRO buffer register cannot be read or written directly.

Reset clears the TAANCCRO register to 0000H. Therefore, the CCRO buffer register is cleared to 0000H.

CCR1 buffer register

This is a 16-bit compare register that compares the count value of the 16-bit counter.

When the TAANCCR1 register is used as a compare register, the value written to the TAANCCR1 register is
transferred to the CCR1 buffer register. When the count value of the 16-bit counter matches the value of the CCR1
buffer register, a compare match interrupt request signal (INTTAAnCC1) is generated.

The CCR1 buffer register cannot be read or written directly.

Reset clears the TAANCCR1 register to 0000H. Therefore, the CCR1 buffer register is cleared to 0000H.

Edge detector
This circuit detects the valid edges input to the TIAAnO and TIAANn1 pins. No edge, rising edge, falling edge, or both
the rising and falling edges can be selected as the valid edge by using the TAAnIOC1 and TAAnIOC2 registers.

Output controller
This circuit controls the output of the TOAANO and TOAAN1 pins. The outputs of the TOAANO and TOAAN1 pins are
controlled by the TAAnIOCO register.

Selector
This selector selects the count clock for the 16-bit counter. Eight types of internal clocks or an external event can

be selected as the count clock.

Remark n=0to4
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6.3.1 Pin configuration
The timer inputs and outputs that configure TAAn are shared with the following ports. The port functions must be set
when using each pin (see Table 4-14 Using Port Pin as Alternate-Function Pin).

Table 6-2 Pin Configuration

Channel Pin Number Port Timer AA Timer AA Other Alternate Function
JE3E | JG3E Input Output
TAAO 13 20 P30 | TIAAOQ™™ TOAA00 TXDCO/SIF2
14 21 P31 | TIAAO1 TOAAO1 RXDCO/SOF2
TAA1 15 22 P32 | TIAA1Q™® TOAA10 ASCKCO/SCKF2
- 23 P33 | TIAAT TOAA11 SIF4/TXDBO
TAA2 - 24 P34 | TIAA20"" TOAA20 SOF4/RXDBO
- 80 P35 | TIAA21 TOAA21 'SCKF4/TOAA1OFF/INTP06
TAA3 - 18 P25 | TIAA3Q™™ TOAA30 "SCKF1
- 19 P26 | TIAA31 TOAA31 INTPO5
TAA4 54 87 P42 | TIAA40™" TOAA40 SCKFO/RTP02
- 90 P45 | TIAA41 TOAA41 RTPO5

Note The TAANO pin functions alternately as a capture trigger input function, external event input function, and
external trigger input function.

Remarks1. n=0to4
2. JE3E: V850ES/JE3-E
JG3E: V850ES/JG3-E
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6.3.2 Register configuration
The register and bit configurations of the V850ES/JE3-E and V850ES/JG3-E differ depending on the products.
Register configurations of each product are shown below.

(1) V850ES/JE3-E

Channel Register Bit Position
Name 7 6 5 4 3 2 1 0
TAAO TAAOCTLO TAAOCE 0 0 0 0 TAAOCKS2| TAAOCKS1 | TAAOCKSO
TAAOCTLA TAAOSYE | TAAOEST | TAAOEEE | TAAOSYM 0 TAAOMD2 | TAAOMD1 | TAAOMDO
TAAOIOCO 0 0 0 0 TAAOOL1 | TAAOOE1 | TAAOOLO | TAAOOEO
TAAO0IOC1 0 0 0 0 TAAOIS3 | TAAOIS2 | TAAOIS1 | TAAOISO
TAAOIOC2 0 0 0 0 TAAOEES1 | TAAOEESO | TAAOETS1 | TAAOETSO
TAAOIOC4 0 0 0 0 TAA0OS1 | TAAOOR1 | TAAOOSO | TAAOORO
TAAOOPTO 0 0 TAAOCCS1|TAAOCCSO 0 0 0 TAAOOVF
TAAOOPT1 | TAAOCSE 0 0 0 0 0 0 0
TAA1 TAA1CTLO TAA1CE 0 0 0 0 TAA1CKS2|TAA1CKS1|TAA1CKSO
TAA1CTLA 0 TAA1EST | TAA1EEE 0 0 TAA1MD2 | TAATMD1 | TAATMDO
TAA1I0CO 0 0 0 0 0 0 TAA10LO | TAA1OEO
TAA110C1 0 0 0 0 0 0 TAA1IS1 | TAA1ISO
TAA1I0C2 0 0 0 0 0 0 TAA1ETS1 | TAA1ETSO
TAA1I0C4 0 0 0 0 0 0 TAA10SO0 | TAA1ORO
TAA10OPTO 0 0 0 TAA1CCSO 0 0 0 TAA1OVF
TAA2 TAA2CTLO TAA2CE 0 0 0 0 TAA2CKS2| TAA2CKS1 | TAA2CKSO
TAA2CTLA 0 0 0 0 0 TAA2MD2 | TAA2MD1 | TAA2MDO
TAA20PT1 | TAA2CSE 0 0 0 0 0 0 0
TAA3 TAA3CTLO TAA3CE 0 0 0 0 TAA3CKS2| TAA3CKS1|TAA3CKSO0
TAA3CTL1 0 0 0 0 0 TAA3MD2 | TAASMD1 | TAASMDO
TAA4 TAA4CTLO TAA4CE 0 0 0 0 TAA4CKS2| TAA4CKS1|TAA4CKSO
TAA4CTLA TAA4SYE | TAA4EST | TAA4EEE | TAA4SYM 0 TAA4MD2 | TAA4MD1 | TAA4MDO
TAA4I0CO 0 0 0 0 0 0 TAA40OLO | TAA4OEO
TAA410C1 0 0 0 0 0 0 TAA41S1 | TAA4ISO
TAA4I10C2 0 0 0 0 0 0 TAA4ETS1 | TAA4ETSO
TAA4I0C4 0 0 0 0 0 0 TAA40SO | TAA4ORO
TAA4OPTO 0 0 0 TAA4CCSO 0 0 0 TAA4OVF
Remark The TPnCCRO, TPnCCR1, and TPNnCNT registers exist in all channels.
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(2) V850ES/JG3-E

Channel Register Name Bit Position
7 6 5 4 3 2 1 0
TAAO TAAOCTLO | TAAOCE 0 0 0 0 TAAOCKS2 | TAAOCKS1 |TAAOCKSO
TAAOCTL1 | TAAOSYE | TAAOEST | TAAOEEE | TAAOSYM 0 TAAOMD2 | TAAOMD1 | TAAOMDO
TAAOQIOCO 0 0 0 0 TAAOOL1 | TAAOOE1 | TAAOOLO | TAAOOEO
TAAOIOC1 0 0 0 0 TAAOIS3 | TAAOIS2 | TAAOIS1 | TAA0ISO
TAAOQIOC2 0 0 0 0 TAAOEES1 | TAAOEESO| TAAOETS1 | TAAOETSO
TAA0IOC4 0 0 0 0 TAAOOS1 | TAAOOR1 | TAAOOSO | TAAOORO
TAAOOPTO 0 0 TAAOCCS1|TAAOCCSO 0 0 0 TAAOOVF
TAAOOPT1 | TAAOCSE 0 0 0 0 0 0 0
TAA1 TAAICTLO | TAAICE 0 0 0 0 TAA1CKS2|TAA1CKS1|TAA1CKSO
TAA1CTLA 0 TAA1EST | TAA1EEE 0 0 TAA1MD2 | TAATMD1 | TAATMDO
TAA110CO 0 0 0 0 TAA10OL1 | TAA1OE1 | TAA1OLO | TAA1OEO
TAA1IOC1 0 0 0 0 TAA1IS3 | TAA1IS2 | TAA1IS1 | TAA1ISO
TAA1IOC2 0 0 0 0 TAA1EES1 | TAA1EESO| TAA1ETS1 | TAA1ETSO
TAA110C4 0 0 0 0 TAA10S1 | TAA1OR1 | TAA10SO0 | TAA1ORO
TAA1OPTO 0 0 TAA1CCS1|TAA1CCSO 0 0 0 TAA1OVF
TAA2 TAA2CTLO | TAA2CE 0 0 0 0 TAA2CKS2 | TAA2CKS1|TAA2CKSO
TAA2CTL1 | TAA2SYE | TAA2EST | TAA2EEE | TAA2SYM 0 TAA2MD2 | TAA2MD1 | TAA2MDO
TAA210CO 0 0 0 0 TAA20L1 | TAA20E1 | TAA20LO | TAA20EO
TAA2I0C1 0 0 0 0 TAA2IS3 | TAA2IS2 | TAA2IS1 | TAA2ISO
TAA210C2 0 0 0 0 TAA2EES1 | TAA2EESO | TAA2ETS1 | TAA2ETSO
TAA210C4 0 0 0 0 TAA20S1 | TAA20R1 | TAA20S0 | TAA20R0
TAA20PTO 0 0 TAA2CCS1|TAA2CCSO 0 0 0 TAA20VF
TAA20PT1 | TAA2CSE 0 0 0 0 0 0 0
TAA3 TAA3CTLO | TAA3CE 0 0 0 0 TAA3CKS2|TAA3CKS1|TAA3CKSO
TAA3CTL1 0 TAA3EST 0 0 0 TAA3MD2 | TAASMD1 | TAABMDO
TAA3IOCO 0 0 0 0 TAA3OL1 | TAA3OET 0 0
TAA3IOCH1 0 0 0 0 TAA3IS3 | TAA3IS2 0 0
TAA3IOC4 0 0 0 0 TAA30S1 | TAA3OR1 | TAA3OSO | TAA3ORO
TAA3OPTO 0 0 TAA3CCS1|TAA3CCSO 0 0 0 TAA3OVF
TAA4 TAA4CTLO | TAA4CE 0 0 0 0 TAA4CKS2 | TAA4CKS1|TAA4CKSO
TAA4CTL1 | TAA4SYE | TAA4EST | TAA4EEE | TAA4SYM 0 TAA4MD2 | TAA4MD1 | TAA4MDO
TAA410CO 0 0 0 0 TAA40OL1 | TAA4OE1 | TAA4OLO | TAA4OEO
TAA4I0C1 0 0 0 0 TAA4IS3 | TAA4IS2 | TAA4IS1 | TAA4ISO
TAA410C2 0 0 0 0 TAA4EES1 | TAA4EESO| TAA4ETS1 | TAA4ETSO
TAA410C4 0 0 0 0 TAA40S1 | TAA4OR1 | TAA4OSO | TAA40RO0
TAA40OPTO 0 0 TAA4CCS1|TAA4CCSO 0 0 0 TAA4OVF

Remark The TPnCCRO, TPNnCCR1, and TPnCNT registers exist in all channels.
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6.4 Registers
The registers that control TAAn are as follows.

¢ TAAn control register 0 (TAANCTLO)

e TAAnN control register 1 (TAANCTL1)

¢ TAAnN I/O control register 0 (TAANIOCO)

e TAAnN I/O control register 1 (TAAnIOC1)

e TAAnN I/O control register 2 (TAANIOC2)

¢ TAAnN I/O control register 4 (TAANIOC4)

¢ TAAn option register 0 (TAANOPTO)

e TAAN option register 1 (TAANOPT1)

¢ TAAN capture/compare register 0 (TAANCCRO)
e TAAnN capture/compare register 1 (TAANCCR1)
e TAAN counter read buffer register (TAANCNT)
¢ TAA noise elimination control register (TANFC)

Remark When using the functions of the TIAAnO, TIAAn1, TOAANO, and TOAAN1 pins, see Table 4-14 Using Port
Pin as Alternate-Function Pin.
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(1) TAAn control register 0 (TAANCTLO)
The TAAnCTLO register is an 8-bit register that controls the operation of TAAN.
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 TAANCTLO register by software.

After reset: 00H R/W Address:  TAAOCTLO FFFFF630H, TAA1CTLO FFFFF640H,
TAA2CTLO FFFFF650H, TAA3CTLO FFFFF660H,
TAA4CTLO FFFFF670H
7 6 5 4 3 2 1 0
TAANCTLO [TAANCE| 0 | 0 | 0 | 0 |TAANCKS2[TAANCKS1|TAANCKS|
(n=0to4)
TAANCE TAAnR operation control
0 TAAn operation disabled (TAAN reset asynchronouslyMN°'¢).
1 TAAnN operation enabled. TAAn operation started.
TAANnCKS2| TAANCKS1| TAANCKSO Internal count clock selection
n=0,1,4 n=2,3
0 0 0 fxx (20.8 ns) fxx/2 (41.7 ns)
0 0 1 fx/2  (41.7 ns) fxx/4  (83.3ns)
0 1 0 fxx/4  (83.3 ns) fxx/8 (166.7 ns)
0 1 1 fxx/8  (166.7 ns) fxx/16  (333.3 ns)
1 0 0 fxx/16  (333.3 ns) fxx/64  (1.3333us)
1 0 1 fxx/32  (666.7 ns) fxx/256  (5.3333 us)
1 1 0 fxx/64  (1.3333 us) fxx/512  (10.6667 us)
1 1 1 /128 (2.6667 us) fx/1024 (21.3333 us)
Note TAAnOPTO.TAANOVF bit, 16-bit counter, timer output (TOAANO, TOAAN1 pins)
Cautions 1. Set the TAANCKS2 to TAANCKSO bits when the TAANCE bit = 0.
When the value of the TAAnCE bit is changed from 0 to 1, the
TAANCKS2 to TAANCKSO bits can be set simultaneously.
2. Be sure to set bits 3 to 6 to “0”.
Remark fxx: Main clock frequency
The values in parentheses indicate the cycles when fxx = 50 MHz.
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(2) TAAnN control register 1 (TAANCTL1)
The TAAnCTL1 register is an 8-bit register that controls the operation of TAAN.
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: TAAOCTL1 FFFFF631H, TAA1CTL1 FFFFF641H,
TAA2CTL1 FFFFF651H, TAA3CTL1 FFFFF661H,
TAA4CTL1 FFFFF671H
7 6 5 4 3 2 1 0
TAANCTL1 [TAANSYE|TAANEST TAANEEETAANSYM 0  [TAANMD2TAANMD1TAANMDO|
(n=0to4)
TAAMSYETAAMSYM Tuned operation mode enable control (m = 0, 2, 4)
0 0 Independent operation mode (asynchronous operation mode)
0 1 Setting prohibited
1 0 Tuned-operation function (specification of slave operation)
1 1 Simultaneous-start function (specification of slave timer)
These bits can be set only for the slave timer (setting them for the master timer is
prohibited).
The relationship between the master timer and slave timer is as follows.
Master timer Slave timer
TAA1 TAAO
TAA3 TAA2
TAB1 TAA4
For the tuned-operation function, see 6.6 Timer-Tuned Operation Function.
For the simultaneous-start function, see 6.7 Simultaneous-Start Function.
TAANEST Software trigger control (n = 0 to 3)
0 —
1 Generates 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 TAAnEST bit as the trigger.
« In external trigger pulse output mode:
A PWM waveform is output with writing 1 to the TAANEST bit as the trigger.
Cautions 1. The TAAnEST 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. Be sure to clear the sections of the TAANCTL1 register of each
channel, where 0 is specified, to 0.
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2/2)

TAAmMEEE

Count clock selection (m =0 to 4)

0 Disables operation with external event count input.
(Performs counting with the count clock selected by the
TAAMCTLO.TAAMCKO to TAAMCK?2 bits.)

1 Enables operation with external event count input.
(Performs counting at every valid edge of the external event count input
signal.)

The TAAMEEE bit selects whether counting is performed with the internal count
clock or the valid edge of the external event count input.

TAAnNMD2 TAANMD1| TAANMDO Timer mode selection

0

0 0 Interval timer mode

0 1 External event count mode

1 0 External trigger pulse output mode

1 1 One-shot pulse output mode

0 PWM output mode

1 Free-running timer mode

1 0 Pulse width measurement mode

1 1 Setting prohibited

Cautions 1.

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

. Set the TAAnEEE and TAAnMD2 to TAAnMDO bits when the

TAANCTLO.TAANCE bit = 0. (The same value can be written when the
TAANCE bit = 1.) The operation is not guaranteed when rewriting is
performed with the TAAnCE bit = 1. If rewriting was mistakenly
performed, clear the TAANCE bit to 0 and then set the bits again (n = 0 to
5).
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(38) TAAN /O control register 0 (TAANIOCO)
The TAANIOCO register is an 8-bit register that controls the timer output (TOAANO, TOAAN1 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: TAAO0IOCO FFFFF632H, TAA1I0CO FFFFF642H,
TAA2I0CO FFFFF652H, TAA3IOCO FFFFF662H,
TAA410CO FFFFF672H

4 3 2 1 0
Taaioco | o | o | o | o [TAAnOL1[TAANOE1/TAANOLO|TAANOED|
(n=0to4)
TAANOL1 TOAANT pin output level setting™°t
0 TOAAN1 pin output starts at high level
1 TOAAnN1 pin output starts at low level
TAANOE1 TOAAN1 pin output setting

0 Timer output disabled
e When TAANOL1 bit = 0: Low level is output from the TOAAN1 pin
e When TAANOL1 bit = 1: High level is output from the TOAAN1 pin

1 Timer output enabled (a square wave is output from the TOAAN1 pin).

TAANOLO TOAANO pin output level setting°t®

0 TOAANO pin output starts at high level

1 TOAANO pin output starts at low level

TAANOEO TOAARNO pin output setting

0 Timer output disabled
e When TAANOLO bit = 0: Low level is output from the TOAANO pin
e When TAANOLDO bit = 1: High level is output from the TOAANO pin

1 Timer output enabled (a square wave is output from the TOAANO pin).

Note The output level of the timer output pin (TOAAnm) specified by the
TAANOLmM bit is shown below.

e When TAANOLm bit =0 e When TAANOLm bit = 1
16-bit counter I /I 16-bit counter I /I
TAANCE bit _ TAANCE bit _
TOAANM pin output |_|' TOAANmM pin output _|' —

Cautions 1. Rewrite the TAANOL1, TAANOE1, TAANOLO, and TAANOEO
bits when the TAANCTLO.TAANCE bit = 0. (The same value
can be written when the TAANCE bit = 1.) If rewriting was
mistakenly performed, clear the TAANCE bit to 0 and then
set the bits again.

2. Even if the TAAnNOLm bit is manipulated when the TAAnCE
and TAAnOEm bits are 0, the TOAAnm pin output level
varies.

Remark m=0, 1
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(4) TAAnN /O control register 1 (TAAnIOC1)

The TAANIOCH1 register is an 8-bit register that controls the valid edge of the capture trigger input signals (TIAANO,

TIAAN1 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:  TAAOIOC1 FFFFF633H, TAA1I0C1 FFFFF643H,
TAA2I0C1 FFFFF653H, TAA3IOC1 FFFFF663H,
TAA410C1 FFFFF673H

5 4 3 2 1 0
Tamioct | o | o | o | o |TAAnis3|TAAnIS2|TAANIST | TAANISO|
(n=0to4)
TAANIS3| TAANIS2| Capture trigger input signal (TIAAn1 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

TAANIS1| TAANISO| Capture trigger input signal (TIAANO 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 TAAnIS3 to TAAnISO bits when the
TAANCTLO.TAANCE bit = 0. (The same value can be
written when the TAAnCE bit = 1.) If rewriting was
mistakenly performed, clear the TAANCE bit to 0 and then
set the bits again.

2. The TAANIS3 to TAANISO 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
performed.
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(5) TAAnN /O control register 2 (TAAnIOC2)

The TAANnIOC2 register is an 8-bit register that controls the valid edge of the external event count input signal

(TIAANO pin) and external trigger input signal (TIAANO pin).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: O0H R/wW Address:  TAAOIOC2 FFFFF634H, TAA110C2 FFFFF644H,
TAA2I0C2 FFFFF654H, TAA3IOC2 FFFFF664H.
TAA410C2 FFFFF674H

5 4 3 2 1 0

Taaioc2 | o | o | o | 0 |TAAnEESTTAANEESO[TAARETS1|TAARETSO|
(n=0to 4)

TAANEES1 TAAnEESO| External event count input signal (TIAANO 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

TAAnETS1| TAANETS0| External trigger input signal (TIAANO 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 TAAnEES1, TAAnEESO0, TAAnETS1, and
TAANETSO bits when the TAANCTLO.TAANCE bit = 0. (The
same value can be written when the TAAnCE bit = 1.) If
rewriting was mistakenly performed, clear the TAANCE bit
to 0 and then set the bits again.

2. The TAANEES1 and TAAnEESO bits are valid only when
the TAANCTL1.TAAnEEE bit = 1 or when the external
event count mode (TAANCTL1.TAANMD2 to
TAANCTL1.TAAnNMDO bits = 001) has been set.

3. The TAANETS1 and TAAnNETSO bits are valid only when
the external trigger pulse output mode
(TAAnCTL1.TAANMD2 to TAANCTL1.TAANMDO bits = 010)
or the one-shot pulse output mode (TAANCTL1.TAAnMD2
to TAANCTL1.TAANMDO = 011) is set.
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(6) TAAN I/O control register 4 (TAAnIOC4)
The TAAnIOC4 register is an 8-bit register that controls the timer output.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H. This register is not reset by stopping the timer operation (TAANCTLO.TAANCE = 0).

Cautions 1. Accessing the TAAnIOC4 register is prohibited in the following statuses. For details, see 3.4.9
(2) Accessing specific on-chip peripheral I/O registers.
e When the CPU operates with the subclock and the main clock oscillation is stopped
e When the CPU operates with the internal oscillation clock

2. The TAAnIOCA4 register can be set only in the interval timer mode and free-running timer mode.

Be sure to set the TAAnIOC4 register to 00H in all other modes (for details of the mode setting,
see 6.4 (2) TAAn control register 1 (TAANCTL1)). The TAAnIOCA4 register setting is invalid if the
TAANCCRO and TAANCCR1 registers are set to the capture function, even if the free-running
timer mode is set.

Afterreset: 00H  R/W  Address:  TAA0IOC4 FFFFF63CH, TAA110C4 FFFFF64CH,
TAA2I0C4 FFFFF65CH, TAA3IOC4 FFFFF66CH,
TAA410C4 FFFFF67CH
5 4 3 2 1 0
TAAnOC4 | 0 0 0 0 |TAANOS1|TAANOR1|TAANOSO|TAANORO)|
(n=0to4)
TAANnOS1|TAANOR1 Toggle control of TIAAn1 pin
0 0 No request. Normal toggle operation.
0 1 Reset request
Fix to inactive level upon next match between value of 16-bit
counter and value of TAANCCR1 register.
1 0 Set request
Fix to active level upon next match between value of 16-bit
counter and value of TAANCCR1 register.
1 1 Keep request
Keep current output level.
TAAnOSO TAANORO Toggle control of TIAANO
0 0 No request. Normal toggle operation.
0 1 Reset request
Fix to inactive level upon next match between value of 16-bit
counter and value of TAANCCRO register.
1 0 Set request
Fix to active level upon next match between value of 16-bit
counter and value of TAANCCRO register.
1 1 Keep request
Keep current output level.
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(7) TAAn option register 0 (TAANOPTO)
The TAAnOPTO register is an 8-bit register used to set the capture/compare operation and detect 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:  TAAOOPTO FFFFF635H, TAA1OPTO FFFFF645H,
TAA20PTO FFFFF655H, TAABOPTO FFFFF665H,
TAA4OPTO FFFFF675H

6 5 4 3 2 1 <0>
TAANOPTO | 0 | o [rAanccsfraanccsg o | o | o |TAAnOVH
(n=0to4)
TAANCCS1 TAANCCR1 register capture/compare selection
0 Compare register selected
1 Capture register selected

The TAANCCSH1 bit setting is valid only in the free-running timer mode.

TAANCCSO TAANCCRO register capture/compare selection
0 Compare register selected
1 Capture register selected

The TAANCCSO bit setting is valid only in the free-running timer mode.

TAANOVF TAAnN overflow detection flag
0 0 written to TAANOVF bit or TAANCTLO.TAANCE bit =0
1 Overflow occurred

* The TAANOVF bit is set to 1 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 (INTTAANQV) is generated at the same time that the
TAANOVF bit is set to 1. The INTTAANQV signal is not generated in modes other
than the free-running timer mode and the pulse width measurement mode.

* The TAANOVF bit is not cleared even when the TAANOVF bit or the TAANOPTO
register are read when the TAANOVF bit = 1.

* The TAANOVF bit can be both read and written, but the TAANOVF bit cannot be
set to 1 by software. Writing 1 has no influence on the operation of TAAn.

Cautions 1. Rewrite the TAAnNCCS1 and TAAnCCSO bits when the
TAANCE bit = 0. (The same value can be written when the
TAANCE bit = 1.) If rewriting was mistakenly performed,
clear the TAANCE bit to 0 and then set the bits again.
2. Be sure to set bits 1 to 3, 6, and 7 to “0”.
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(8) TAAnN option register 1 (TAANOPT1)
The TAAnOPT1 register is an 8-bit register that controls the 32-bit capture function realized by a cascade

connection.

Rewriting this register is prohibited while the timer is operating (TAANCTLO.TAANCE = 1).
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:  TAAOOPT1 FFFFF63DH, TAA20PT1 FFFFF65DH

7 6 3 1
TAANOPT1 [TAAncSE 0 | o | o | o | o | |
(n=0,2)
TAANCSE Cascade control
0 Individual operation or operation as lower side of cascade function

1

Operation as higher side of cascade function

Cautions 1. Cascade connection and timer-tuned operation cannot be

used together. Be sure to set TAANCTL1.TAAnSYE to 0 for
a cascade connection.

. For a cascade connection, set the free-running timer

mode and use the TAANCCRO and TAANCCR1 registers as
capture registers.

For details of cascade connection, see 6.8 Cascade
Connection.
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(9) TAAnN capture/compare register 0 (TAANCCRO)
The TAAnCCRO register can be used as a capture register or a compare register depending on the mode.
This register can be used as a capture register or a compare register only in the free-running timer mode,
depending on the setting of the TAANOPTO.TAANCCSO bit. In the pulse width measurement mode, the TAANCCRO
register can be used only as a capture register. In any other mode, this register can be used only as a compare
register.
The TAANCCRO 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 TAANCCRO register is prohibited in the following statuses. For details, see 3.4.9
(2) Accessing specific on-chip peripheral I/O registers.
e When the CPU operates with the subclock and the main clock oscillation is stopped
e When the CPU operates with the internal oscillation clock

After reset: 0000H R/W  Address: TAAOCCRO FFFFF636H, TAA1ICCRO FFFFF646H,
TAA2CCRO FFFFF656H, TAASCCRO FFFFF666H,
TAA4CCRO FFFFF676H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
maccro | [ [ [ [ [ [ [ P T[]
(n=0to4)
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(@

(b)

Function as compare register

The TAAnCCRO register can be rewritten even when the TAANCTLO.TAANCE bit = 1.

The set value of the TAANCCRO 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
(INTTAANCCO) is generated. If TOAANO pin output is enabled at this time, the output of the TOAANO pin is
inverted.

When the TAANCCRO 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.

Function as capture register

When the TAANCCRO 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 TAANCCRO register if the valid edge of the capture trigger input pin
(TIAANO pin) is detected. In the pulse width measurement mode, the count value of the 16-bit counter is
stored in the TAANCCRO register and the 16-bit counter is cleared (0000H) if the valid edge of the capture
trigger input pin (TIAANO) is detected.

Even if the capture operation and reading the TAAnCCRO register conflict, the correct value of the
TAANCCRO 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
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(10) TAAn capture/compare register 1 (TAAnNCCR1)
The TAAnCCR1 register can be used as a capture register or a compare register depending on the mode.
This register can be used as a capture register or a compare register only in the free-running timer mode,
depending on the setting of the TAANOPTO0.TAAnCCS1 bit. In the pulse width measurement mode, the
TAANCCR1 register can be used only as a capture register. In any other mode, this register can be used only as a
compare register.
The TAANCCR1 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 TAANCCR1 register is prohibited in the following statuses. For details, see 3.4.9
(2) Accessing specific on-chip peripheral I/O registers.
e When the CPU operates with the subclock and the main clock oscillation is stopped
e When the CPU operates with the internal oscillation clock

After reset: 0000H R/wW Address: TAAOCCR1 FFFFF638H, TAA1ICCR1 FFFFF648H,
TAA2CCR1 FFFFF658H, TAASCCR1 FFFFF668H,
TAA4CCR1 FFFFF678H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
macert | | 0 [ L [ LT

(n=0to4)
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(@

(b)

Function as compare register

The TAAnCCR1 register can be rewritten even when the TAANCTLO.TAANCE bit = 1.

The set value of the TAANCCR1 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
(INTTAANCCH1) is generated. If TOAAN1 pin output is enabled at this time, the output of the TOAAN1 pin is
inverted.

Function as capture register

When the TAANCCR1 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 TAANCCR1 register if the valid edge of the capture trigger input pin
(TIAAN1 pin) is detected. In the pulse width measurement mode, the count value of the 16-bit counter is
stored in the TAANCCR1 register and the 16-bit counter is cleared (0000H) if the valid edge of the capture
trigger input pin (TIAAN1) is detected.

Even if the capture operation and reading the TAAnCCRI1 register conflict, the correct value of the
TAANCCR1 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
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(11) TAAn counter read buffer register (TAANCNT)
The TAAnCNT register is a read buffer register that can read the count value of the 16-bit counter.
If this register is read when the TAANCTLO.TAANCE 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 TAANCNT register is cleared to 0000H when the TAAnCE bit = 0. If the TAANCNT register is read
at this time, the value of the 16-bit counter (FFFFH) is not read, but 0000H is read.
Reset clears the TAANCE bit to 0. Therefore, the value of the TAANCNT register is cleared to 0000H.

Caution Accessing the TAANCNT register is prohibited in the following statuses. For details, see 3.4.9 (2)
Accessing specific on-chip peripheral 1/O registers.
e When the CPU operates with the subclock and the main clock oscillation is stopped
o When the CPU operates with the internal oscillation clock

After reset: 0000H R Address: TAAOCNT FFFFF63AH, TAAICNT FFFFF64AH,
TAA2CNT FFFFF65AH, TAASCNT FFFFF66AH,

TAA4CNT FFFFF67AH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
e I N B B B e .

(n=0to4)
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(12) Noise elimination control register (TANFCn)
Digital noise elimination can be selected for the TIAAnO and TIAAn1 pins. The noise elimination setting is selected
using the TANFCn register.
When digital noise elimination is selected, the sampling clock for digital sampling can be selected from among fxx
and fxx/4. Sampling is performed 3 times.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

Caution Time equal to the sampling clock x 3 clocks is required until the digital noise eliminator is
initialized after the sampling clock has been changed. If the valid edge of TIAAnO and TIAANn1 is
input after the sampling clock has been changed and before the time of the sampling clock x 3
clocks passes, therefore, an interrupt request signal may be generated. Therefore, when using
the external trigger function, the external event function, and the capture trigger function of
TAAnN, enable TAAn operation after the time of the sampling clock x 3 clocks has elapsed.

Remark n=0to4

After reset: O0H R/W Address: TANFCO FFFFF5A0H, TANFC1 FFFFF5A2H,
TANFC2 FFFFF5A4H, TANFC3 FFFFF5A6H,
TANFC4 FFFFF5A8H

<7> 6 5 4 3 2 1 0
TANFCn [TANFENW 0 | 0 | o | o | 0o | o |TANFCno|
(n=0to4)
TANFENN Setting of digital noise elimination
0 Does not perform digital noise elimination
1 Performs digital noise elimination
TANFCnO Digital sampling clock
0 fxx
1 fxx/4

Remarks 1. Since sampling is performed 3 times, the noise width for reliably eliminating
noise is 2 sampling clocks.
2. In the case of noise with a width smaller than 2 sampling clocks, an
interrupt request signal is generated if noise synchronized with the
sampling clock is input.
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A timing example of noise elimination performed by the timer AA input pin digital filter is shown Figure 6-2.

Figure 6-2. Example of Digital Noise Elimination Timing

Int

Remark

I B R |

ey IS
[ —

oy

Input signal | i h . | | i | i Sampling 1 | | i
\ i . ¥ ¥ 3times ¥ ¥
| | | | | , i Sampling
: : : : : : i Btimes |
:1 clock ' 1 clock: 2 clocks E 2 clocks E 3clocksi ! :Oclocksi
ernal signal i i i i i
If there are two or fewer noise elimination clocks while the TIAAnO or TIAAn1 input signal is high

level (or low level), that input signal is eliminated as noise. If it is sampled three times or more,

the edge is detected as a valid input (n = 0 to 4).

Noise elimination clock ‘|’|’|‘|‘|I|||||‘|I|‘|‘|’|I|I|‘|‘|
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6.5 Operation

The modes realized by the V850ES/JE3-E and V850ES/JG3-E, differ depending on the channels. The following tables

show the executable functions of each channel.

Table 6-5. Executable Channels for TAAn Functions (V850ES/JE3-E)

Operation Mode TAAO TAA1 TAA2 TAA3 TAA4

Interval timer mode Enable Partly Partly Partly Partly
enable™* enable"® enable"*® enable"*

External event count mode Enable Partly Disable Disable Partly
enable"™*® enable™™*®

External trigger pulse output mode Enable Partly Disable Disable Partly
enable™® enable"*

One-shot pulse output mode Enable Partly Disable Disable Partly
enable™™® enable"*®

PWM output mode Enable Partly Disable Disable Partly
enable"*® enable"™®

Free-running timer mode Enable Partly Disable Disable Partly
enable™"* enable"*®

Pulse width measurement mode Enable Partly Disable Disable Partly
enable"*® enable™™*®

Note Since TIAA11, TOAA11, TIAA20, TOAA20, TIAA21, TOAA21, TIAA30, TOAA30, TIAA41 and TOAA41 do not
exist, the same using method as TIAA11, TOAA11, TIAA20, TOAA20, TIAA21, TOAA21, TIAA30, TOAA3O,
TIAA41 and TOAA41 cannot be applied.
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Table 6-6. Executable Channels for TAAn Functions (V850ES/JG3-E)

Operation Mode TAAO TAA1 TAA2 TAA3 TAA4
Interval timer mode Enable Enable Enable Enable Enable
External event count mode Enable Enable Enable Enable Enable
External trigger pulse output mode Enable Enable Enable Enable Enable
One-shot pulse output mode Enable Enable Enable Enable Enable
PWM output mode Enable Enable Enable Enable Enable
Free-running timer mode Enable Enable Enable Enable Enable
Pulse width measurement mode Enable Enable Enable Enable Enable
TAAnN can perform the following operations.
Operation TAANCTL1.TAANEST Bit TIAANO Pin Capture/Compare | Compare Register
(Software Trigger Bit) | (External Trigger Input) | Register Setting Write
Interval timer mode Invalid Invalid Compare only Anytime write
External event count mode™*’ Invalid Invalid Compare only Anytime write
External trigger pulse output mode™™** | Valid Valid Compare only Batch write
One-shot pulse output mode"**? Valid Valid Compare only Anytime write
PWM output mode Invalid Invalid Compare only Batch write
Free-running timer mode Invalid Invalid Switching enabled | Anytime write
Pulse width measurement mode"**? Invalid Invalid Capture only Not applicable

Notes 1. To use the external event count mode, specify that the valid edge of the TIAAnO pin capture trigger input is not
detected (by clearing the TAANIOC1.TAANIS1 and TAAnIOC1.TAANISO bits to “00”).

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 TAANCTL1.TAANEEE bit to 0).

Remark n=0to4
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(1) Anytime write and batch write

With TAAn, the TAANCCRO and TAANCCRH1 registers can be rewritten during timer operation (TAANCTLO.TAANCE
bit = 1), but the write method (anytime write, batch write) of the CCR0 and CCR1 buffer registers differs depending

on the mode.

(a) Anytime write

In this mode, data is transferred at any time from the TAANCCRO and TAANCCR1 registers to the CCR0 and

CCRH1 buffer registers during timer operation.

Figure 6-3. Example of Basic Anytime Write Operation Flowchart (Interval Timer Mode of TAAOQ)

‘ START )

Initial settings

e Set values to TAACCRm register
o Timer operation enable

(TAAOCE bit = 1)

— Transfer values of TAAOCCRm
register to CCRm buffer
register

|

TAAOCCRm register rewrite
— Transfer to CCRm buffer register

Timer operation

e Match between 16-bit counter
and CCRH1 buffer registerN**

e Match between 16-bit counter
and CCRO buffer register

o 16-bit counter clear & start

INTTAAOCCH1 signal output

INTTAAOCCO signal output

Note The 16-bit counter is not cleared upon a match between the 16-bit counter value
and the CCR1 buffer register value. It is cleared upon a match between the 16-bit
counter value and the CCRO buffer register value.

Remark m=0, 1
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Figure 6-4. Example of Anytime Write Timing (Interval Timer Mode of TAAOQ)

TAAOCE bit = 1
FFFFH Do Do
Doz
16-bit counter D11 D11/ D12/ D12 -
0000H
TAAOCCRO register Dot X Do
N | | | [ )] |
CCRO buffer register  0000HX Dor X Do
TAAOCCR1 register Dis X Dz
N | | [ ] | |
CCR1 buffer register ~ 0000H Dis X D12
INTTAAOCO signal
INTTAAOCC1 signal
Remark Do1, Do2: Set values of TAAOCCRO register
D11, D12: Set values of TAAOCCRT register

(b) Batch write

In this mode, data is transferred all at once from the TAANCCRO and TAAnNCCR1 registers to the CCRO and
CCR1 buffer registers during timer operation. This data is transferred upon a match between the value of the
CCRO buffer register and the value of the 16-bit counter. Transfer is enabled by writing to the TAAnNCCR1
register. Whether to enable or disable the next transfer timing is controlled by writing or not writing to the
TAANCCR1 register.

In order for the set value when the TAANCCRO and TAANCCR1 registers are rewritten to become the 16-bit
counter comparison value (in other words, in order for this value to be transferred to the CCRO and CCR1
buffer registers), it is necessary to rewrite the TAANCCRO register and then write to the TAANCCR1 register
before the 16-bit counter value and the CCRO buffer register value match. Therefore, the values of the
TAANCCRO and TAAnCCRT1 registers are transferred to the CCR0O and CCR1 buffer registers upon a match
between the count value of the 16-bit counter and the value of the CCRO buffer register. Thus even when
wishing only to rewrite the value of the TAANCCRO register, also write the same value (same as preset value
of the TAANCCR1 register) to the TAANCCR1 register.
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Figure 6-5. Example of Basic Batch Write Operation Flowchart (PWM Output Mode of TAAQ)

‘ START )

Initial settings

|
o Set values to TAAOCCRm register
e Enable timer operation (TAAOCE
bit = 1)
— Transfer values of TAAOCCRm
register to CCRm buffer
register

TAAOCCRO register rewrite

TAAOCCR1 register rewrite

|

Timer operation

e Match between 16-bit counter —— INTTAAOCCT signal output
and CCR1 buffer registerN°'®

e Match between 16-bit counter
and CCRO buffer register

e 16-bit counter clear & start

e Transfer of values of TAAOCCRm
register to CCRm buffer register

Batch write enable

INTTAAOCCO signal output

Note The 16-bit counter is not cleared upon a match between the 16-bit counter value and the CCR1
buffer register value. It is cleared upon a match between the 16-bit counter value and the CCRO
buffer register value.

Caution Writing to the TAAOCCR1 register includes enabling of batch write. Thus, rewrite the
TAAOCCR1 register after rewriting the TAAOCCRO register.

Remark m=0, 1
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Figure 6-6. Timing of Batch Write (Interval Timer Mode of TAAOQ)

TAAOCE bit = 1
FFFFH Do b
03
D / Doz Doz 7B
16-bit counter D12/ D12 / D12/ D~
0000H
TAAOCCRO register Dot X D X Dos
) L 1 | | L L [ |
i i Y
CCRO buffer register 0000HX'  Dor X Note2” X  Note 122
‘ \ \ | j_Same value write__| \
TAAOCCRT register D1 XNo(e 2 D12 X Note 3 D12
] | (] [ ] L[] 1 |
CCR1 buffer register 0000H D11 ! D12 U D12
Note 1 Note 1
INTTAAOCCO signal

INTTAAOCCHT signal

TOAADOQO pin output

TOAAO1 pin output

Notes 1. Because the TAAOCCR1 register was not rewritten, Dos is not transferred.

2. Because the TAAOCCR1 register has been written (D12), data is transferred to the CCR1
buffer register upon a match between the value of the 16-bit counter and the value of the
TAAOCCRO register (Dot).

3. Because the TAAOCCR1 register has been written (D12), data is transferred to the CCR1
buffer register upon a match between the value of the 16-bit counter and the value of the
TAAOCCRO register (Doz2).

Remark Do1, Doz, Dos: Set values of TAAOCCRO register
D11, D12: Set values of TAAOCCR1 register
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6.5.1 Interval timer mode (TAANMD2 to TAANMDO bits = 000)

In the interval timer mode, an interrupt request signal (INTTAANCCO) is generated at any interval if the
TAANnCTLO.TAANCE bit is set to 1. A square wave whose half cycle is equal to the interval can be output from the TOAANO
pin.

Usually, the TAANCCR1 register is not used in the interval timer mode.

Figure 6-7. Configuration of Interval Timer

Clear
Count clock . Output )
selection } 16-bit counter 1 controller © TOAANO pin
Match si |
# = INTTAANCCO signal
TAANCE bit CCRO buffer register

i

TAANCCRO register

Figure 6-8. Basic Timing of Operation in Interval Timer Mode

FFFFH

. Do — Do — Do — Do —
16-bit counter

0000H

TAANCE bit

TAANCCRO register Do

=1

TOAANO pin output

INTTAANCCO signal _| _| _| _|

Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1)
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When the TAANCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0000H in synchronization
with the count clock, and the counter starts counting. At this time, the output of the TOAANO pin is inverted. Additionally,
the set value of the TAANCCRO register is transferred to the CCRO buffer register.

When the count value of the 16-bit counter matches the value of the CCRO buffer register, the 16-bit counter is cleared
to 0000H, the output of the TOAANO pin is inverted, and a compare match interrupt request signal (INTTAAnCCO) is
generated.

The interval can be calculated by the following expression.

Interval = (Set value of TAANCCRO register + 1) x Count clock cycle

Figure 6-9. Register Settings for Interval Timer Mode Operation (1/2)

(a) TAAN control register 0 (TAANCTLO)

TAANCE TAANCKS2 TAANCKS1 TAANCKS0
TAAnCTLOl 0/1 \ 0 \ 0 \ 0 \ 0 \ 0/ \ 0/1 \ 0/1|

Select count clock

0: Stops counting
1: Enables counting

(b) TAAN control register 1 (TAANCTL1)

TAAnEST TAAnEEE TAAnNMD2 TAANMD1 TAANMDO
o | o] o] of of

TAAnCTL1| 0 ‘ 0 ‘0/1Note

0,0,0:
Interval timer mode

0: Operates on count clock
selected by TAANCKSO
to TAANCKS?2 bits

1: Counts with external
event count input signal

Note This bit can be set to 1 only when the interrupt request signals (INTTAANCCO and INTTAAnCC1) are
masked by the interrupt mask flags (TAANCCMKO and TAANCCMK1) and timer output (TOAAn1) is
performed. However, set the TAANCCRO and TAANCCR1 registers to the same value (see 6.5.1 (2) (d)
Operation of TAANCCR1 register).
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Figure 6-9. Register Settings for Interval Timer Mode Operation (2/2)

(c) TAAN /O control register 0 (TAAnIOCO)

TAANOL1 TAANOE1 TAAnOLO TAAnOEO

TAANIOCO | 0 0 ‘ 01 ‘ 0/1 ‘ 01 ‘ 01 |

0: Disables TOAANO pin output
1: Enables TOAANO pin output

Setting of output level with
operation of TOAANO pin disabled
0: Low level

1: High level

0: Disables TOAAN1 pin output
1: Enables TOAAN1 pin output

Setting of output level with
operation of TOAAN1 pin disabled
0: Low level

1: High level

(d) TAAN counter read buffer register (TAANCNT)
By reading the TAANCNT register, the count value of the 16-bit counter can be read.

(e) TAAn capture/compare register 0 (TAANCCRO)
If the TAANCCRO register is set to DO, the interval is as follows.

Interval = (Do + 1) x Count clock cycle

(f) TAAnN capture/compare register 1 (TAAnNCCR1)
Usually, the TAANCCR1 register is not used in the interval timer mode. However, the set value of the
TAANCCR1 register is transferred to the CCR1 buffer register. A compare match interrupt request signal
(INTTAANnCCH1) is generated when the count value of the 16-bit counter matches the value of the CCR1
buffer register.
Therefore, mask the interrupt request by using the corresponding interrupt mask flag (TAANCCMK1).

Remark TAAn I/O control register 1 (TAAnIOC1), TAAn I/O control register 2 (TAANIOC2), and TAAn option
register 0 (TAANOPTO) are not used in the interval timer mode.

RO1UH0232EJ0200 Rev.2.00 197
Mar 25, 2014 RENESAS



VB850ES/JES-E, V850ES/JG3-E CHAPTER 6 16-BIT TIMER/EVENT COUNTER AA (TAA)

(1) Interval timer mode operation flow

Figure 6-10. Software Processing Flow in Interval Timer Mode

FFFFH

Do —— Do —— Do —
16-bit counter

0000H

TAANCE bit

TAANCCRO register x Do

TOAANO pin output

INTTAANCCO signal —| —| —|

<1> <2>

<1> Count operation start flow

C s )

Register initial setting Initial setting of these registers is performed
TAANCTLO register before setting the TAANCE bit to 1.

(TAANCKSO to TAANCKS2 bits),
TAANCTLA1 register,
TAANIOCO register,
TAANCCRO register

The TAANCKSO to TAANCKS?2 bits can be
set at the same time when counting has
been started (TAANCE bit = 1).

TAANCE bit = 1

<2> Count operation stop flow

The counter is initialized and counting is
TAANCE bit=0 stopped by clearing the TAANCE bit to 0.

=
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(2) Interval timer mode operation timing

(a) Operation if TAANCCRO register is set to 0000H
If the TAANCCRO register is set to 0000H, the INTTAANCCO signal is generated at each count clock
subsequent to the first count clock, and the output of the TOAANO pin is inverted.

The value of the 16-bit counter is always 0000H.

Count clock

16-bit counter

TAANCE bit

TAANCCRO register

TOAANO pin output

INTTAANCCO signal

FFFFH X 0000H X 0000H 0000H 0000H
0000H
Interval time Interval time
Count clock cycle | Count clock cycle

(b) Operation if TAANCCRO register is set to FFFFH
If the TAANCCRO register is set to FFFFH, the 16-bit counter counts up to FFFFH. The counter is cleared to
0000H in synchronization with the next count-up timing. The INTTAAnNCCO signal is generated and the
output of the TOAANO pin is inverted. At this time, an overflow interrupt request signal (INTTAANOV) is not
generated, nor is the overflow flag (TAANOPTO.TAAnOVF bit) set to 1.

FFFFH

16-bit counter

0000H

TAANCE bit

TAANCCRO register

TOAANOQ pin output

INTTAANCCO signal

count clock cycle

count clock cycle

FFFFH
Interval time Interval time Interval time
10000H x 10000H x 10000H x

count clock cycle
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(c) Notes on rewriting TAANCCRO register
To change the value of the TAANCCRO register to a smaller value, stop counting once and then change the

set value.
If the value of the TAANCCRO register is rewritten to a smaller value during counting, the 16-bit counter may
overflow.
FFFFH
D1 —— D1
16-bit t
6-bit counter De Do Do
0000H
TAANCE bit
TAANCCRO register D1 D2
TAANOLO bit L
TOAANO pin output
INTTAANCCO signal —| —| —|
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 TAANCCRO register is changed from D1 to D2 while the count value is greater than D2 but
less than D1, the count value is transferred to the CCRO buffer register as soon as the TAANCCRO register
has been rewritten. Consequently, the value of the 16-bit counter that is compared is Dz.

Because the count value has already exceeded D2, however, the 16-bit counter counts up to FFFFH,
overflows, and then counts up again from 0000H. When the count value matches D2, the INTTAAnCCO
signal is generated and the output of the TOAANO pin is inverted.

Therefore, the INTTAANCCO signal may not be generated at the interval time “(D1 + 1) x Count clock cycle”
or “(D2 + 1) x Count clock cycle” as originally expected, but may be generated at an interval of “(10000H + D2
+ 1) x Count clock period”.
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(d) Operation of TAANCCR1 register

Figure 6-11. Configuration of TAANCCR1 Register

TAANCCR1 register

iy

. Qutput .
CCR1 buffer register controller © TOAAN1 pin
& Match signal INTTAANCCH signal
Clear
Count clock . Output .
selection :>— 16-bit counter 1 controlier [~ © TOAANO pin
& Match signal INTTAANCCO signal
TAANCE bit CCRO buffer register
TAANCCRO register
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If the set value of the TAANCCR1 register is less than the set value of the TAANCCRO register, the
INTTAANCC1 signal is generated once per cycle. At the same time, the output of the TOAAN1 pin is inverted.
The TOAAN1 pin outputs a square wave with the same cycle as that output by the TOAANO pin.

Figure 6-12. Timing Chart When Do1 > D11

FFFFH

Dot — Dot — Dot — Dot —
16-bit counter D11 Z D11 Z D1 Z D11 Z

0000H

TAANCE bit

TAANCCRO register Dot

TOAANO pin output

INTTAANCCO signal —| —| —| —|

TAANCCRI register D1

TOAAN1 pin output

INTTAANCC1 signal —| —| —| —|
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If the set value of the TAANCCR1 register is greater than the set value of the TAANCCRO register, the count
value of the 16-bit counter does not match the value of the TAANCCR1 register. Consequently, the
INTTAANCC1 signal is not generated, nor is the output of the TOAAN1 pin changed.

Figure 6-13. Timing Chart When Do1 < D11

FFFFH

16-bit counter

0000H

TAANCE bit

TAANCCRO register Dot

TOAANO pin output

INTTAANCCO signal —| —| —| —|

TAANCCRI register D1

TOAAN1 pin output

INTTAANCC1 signal L

RO1UH0232EJ0200 Rev.2.00 203
Mar 25, 2014 RENESANAS



VB850ES/JES-E, V850ES/JG3-E CHAPTER 6 16-BIT TIMER/EVENT COUNTER AA (TAA)

6.5.2 External event count mode (TAANMD2 to TAANMDO bits = 001)

In the external event count mode, the valid edge of the external event count input is counted when the
TAANCTLO.TAANCE bit is set to 1, and an interrupt request signal (INTTAANCCO) is generated each time the specified
number of edges have been counted. The TOAANO pin cannot be used.

Usually, the TAANCCR1 register is not used in the external event count mode.

Figure 6-14. Configuration in External Event Count Mode

Clear
TIAANO pin Edge
(external event O— d 16-bit counter
) etector
count input)
Match signal
% ahalhl i INTTAANCCO signal
TAANCE bit CCRO buffer register

it

TAANCCRO register

Figure 6-15. Basic Timing in External Event Count Mode

FFFFH ’,‘~)//—\

Do Do + “‘ Do
16-bit counter ! :
0000H :' ". 16-bit counter Do - 1 X Do X 0000 X 0001
! External event
TAANCE bit ! i count input | | | | | |
— ' . (TIAANO pin input)
TAANCCRO register :X Dol‘. ; TAANCCRO register Do
INTTAANCCO signal —l _l | INTTAANCCO 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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When the TAANCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0000H. The counter counts
each time the valid edge of external event count input is detected. Additionally, the set value of the TAANCCRO register is

transferred to the CCRO buffer register.
When the count value of the 16-bit counter matches the value of the CCRO buffer register, the 16-bit counter is cleared

to 0000H, and a compare match interrupt request signal (INTTAAnCCO) is generated.
The INTTAANCCO signal is generated each time the valid edge of the external event count input has been detected (set

value of TAANCCRO register + 1) times.

Figure 6-16. Register Setting for Operation in External Event Count Mode (1/2)

(a) TAAN control register 0 (TAANCTLO)

TAANCE TAANCKS2 TAANCKS1 TAANCKSO

TAANnCTLO | (A ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 |

0: Stops counting
1: Enables counting

(b) TAAN control register 1 (TAANCTL1)

TAANEST TAANnEEE TAAnMD2 TAAnMD1 TAANnMDO

TAAnCTL1|O‘O‘O‘O‘O‘O‘O‘1|

0,0,1:
External event count mode

(c) TAAN /O control register 0 (TAANIOCO0)

TAAnOL1 TAAnOE1 TAAnOLO TAAnOEO

TAanioco [ o | o | o | o | o | o | o | o |
L 0: Disables TOAANO pin output

0: Disables TOAAN1 pin output

(d) TAAN I/O control register 2 (TAAnIOC2)

TAANEES1 TAAnEESO TAANETS1 TAANETSO

TAAnIOCZlO‘0‘0‘0‘0/1‘0/1‘0‘O|

Select valid edge of
external event count input
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Figure 6-16. Register Setting for Operation in External Event Count Mode (2/2)

(e) TAAn counter read buffer register (TAANCNT)
The count value of the 16-bit counter can be read by reading the TAANCNT register.

(f) TAAnN capture/compare register 0 (TAANCCRO)
If Do is set to the TAANCCRO register, the counter is cleared and a compare match interrupt request
signal (INTTAANnCCO) is generated when the number of external event counts reaches (Do + 1).

(g) TAAN capture/compare register 1 (TAANCCR1)
Usually, the TAANCCR1 register is not used in the external event count mode. However, the set value of
the TAANCCR1 register is transferred to the CCR1 buffer register. When the count value of the 16-bit
counter matches the value of the CCR1 buffer register, a compare match interrupt request signal
(INTTAANnCC1) is generated.
Therefore, mask the interrupt signal by using the interrupt mask flag (TAANCCMK1).

Caution When an external clock is used as the count clock, the external clock can be input only
from the TIAANO pin. At this time, set the TAAnNIOC1.TAANnIS1 and TAAnIOC1.TAANISO
bits to 00 (capture trigger input (TIAANO pin): no edge detection).

Remark TAAnN I/O control register 1 (TAAnIOC1) and TAAnN option register 0 (TAANOPTO) are not used in
the external event count mode.
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(1) External event count mode operation flow

Figure 6-17. Flow of Software Processing in External Event Count Mode

FFFFH
) Do — Do — Do —
16-bit counter
0000H
TAANCE bit
TAANCCRO register x Do
INTTAANCCO signal —| —| —|
<1> <2>
<1> Count operation start flow
< START >
Register initial setting Initial setting of these registers
TAANCTLO register is performed before setting the
(TAANCKSO to TAANCKS2 bits), TAANCE bit to 1.

TAANCTLA1 register,
TAANIOCO register,
TAANIOC2 register,
TAANCCRO register

The TAANCKSO to TAANCKS2 bits can
be set at the same time when counting
has been started (TAANCE bit = 1).

TAANCE bit = 1

<2> Count operation stop flow

The counter is initialized and counting
TAANCE bit=0 is stopped by clearing the TAANnCE bit to 0.

=
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(2) Operation timing in external event count mode

Cautions 1. In the external event count mode, do not set the TAANCCRO register to 0000H.

2. In the external event count mode, use of the timer output is disabled. If performing timer
output using external event count input, set the interval timer mode, and select the operation
of the count clock to be enabled by the external event count input (TAANCTL1.TAAnMD2 to
TAANCTL1.TAAnMDO bits = 000, TAANCTL1.TAAnEEE bit = 1).

(a) Operation if TAANCCRO register is set to FFFFH

If the TAANCCRO register is set to FFFFH, the 16-bit counter counts to FFFFH each time the valid edge of
the external event count signal has been detected. The 16-bit counter is cleared to 0000H in synchronization

with the next count-up timing, and the INTTAAnCCO signal is generated. At this time, the
TAANOPTO.TAANOVF bit is not set.
FFFFH
16-bit counter
0000H
TAANCE bit
TAANCCRO register FFFFH
INTTAANCCO signal —| —|
External event | External event | External event
count signal count signal count signal
interval interval interval
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(b) Notes on rewriting the TAANCCRO register

To change the value of the TAANCCRO register to a smaller value, stop counting once and then change the
set value.

If the value of the TAANCCRO register is rewritten to a smaller value during counting, the 16-bit counter may

overflow.
FFFFH
D+ D1
16-bit counter
D2 D2—— D2——
0000H
TAANCE bit
TAANCCRO register D+ D2
INTTAANCCO signal —| —| —|
External event External event count signal |External event
count signal interval (NG) count signal
interval (1) (10000H + D2 + 1) interval (2)
(D1+1) (D2 + 1)

If the value of the TAANCCRO register is changed from D1 to D2 while the count value is greater than D2 but
less than D1, the count value is transferred to the CCRO buffer register as soon as the TAANCCRO register
has been rewritten. Consequently, the value that is compared with the 16-bit counter is D2.

Because the count value has already exceeded D2, however, the 16-bit counter counts up to FFFFH,
overflows, and then counts up again from 0000H. When the count value matches D2, the INTTAAnCCO
signal is generated.

Therefore, the INTTAANCCO signal may not be generated at the valid edge count of “(D1 + 1) times” or “(D2 +
1) times” as originally expected, but may be generated at the valid edge count of “(10000H + D2 + 1) times”.
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(c) Operation of TAANCCR1 register

Figure 6-18. Configuration of TAANCCR1 Register

TAANCCR1 register

iy

CCR1 buffer register

L Mateh signa INTTAANCCH signal

Clear

. E .
TIAANO pin O— det(;?:teor >—* 16-bit counter

Match signal
{} atch signal INTTAANCCO signal

TAANCE bit CCRO buffer register

it

TAANCCRO register

If the set value of the TAANCCR1 register is smaller than the set value of the TAANCCRO register, the
INTTAANCC1 signal is generated once per cycle.

Figure 6-19. Timing Chart When Do1 > D11

FFFFH
Dot —— Do1 —— Do1 —— Dot —
16-bit counter Di1 Z D11 Z D11 Z D11 Z

0000H

TAANCE bit

TAANCCRO register Dot

INTTAANCCO signal —| —| —| —|

TAANCCR1 register D11

INTTAANCC1 signal —| —| —| —|
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If the set value of the TAANCCR1 register is greater than the set value of the TAANCCRO register, the
INTTAANCC1 signal is not generated because the count value of the 16-bit counter and the value of the
TAANCCR1 register do not match.

Figure 6-20. Timing Chart When Do1 < D11

FFFFH

16-bit counter

0000H

TAANCE bit

TAANCCRO register Dot

INTTAANCCO signal —| —| —| —|

TAANCCR1 register D

INTTAANCCH signal L
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6.5.3 External trigger pulse output mode (TAAnMD2 to TAAnNMDO bits = 010)
In the external trigger pulse output mode, 16-bit timer/event counter AA waits for a trigger when the TAANCTLO.TAANCE
bit is set to 1. When the valid edge of an external trigger input signal is detected, 16-bit timer/event counter AA starts
counting, and outputs a PWM waveform from the TOAAN1 pin.
Pulses can also be output by generating a software trigger instead of using the external trigger. When using a software

trigger, a square wave that has one cycle of the PWM waveform as half its cycle can also be output from the TOAANO pin.

Figure 6-21. Configuration in External Trigger Pulse Output Mode

TAANCCR1 register

. Edge ‘ Transfer
TIAANO pin O— detector {}
, .| Output
CCR1 buffer register RCOHU’OHGI’ —© TOAAN1 pin
(RS-FF)
Software trigger {} Match sianal
generation atch signal | | INTTAANCCH signal
Clear
Count Count Outout
clock :>—~ start | 16-bit counter > L; pﬁ —=(© TOAANO pin
selection control controller
Match si |
% alch signa INTTAANCCO signal
TAANCE bit CCRQO buffer register
{ ? Transfer
TAANCCRO register
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Figure 6-22. Basic Timing in External Trigger Pulse Output Mode

FFFFH
Do Do Do

16-bit counter D1 Zi D+ Z D+ Zi D+ Zi

0000H

TAANCE bit

External trigger input _| _|
(TIAANO pin input)

TAANCCRO register x Do

INTTAANCCO signal —| —| —| —|

TOAANO pin output
(only when software
trigger is used) —

TAANCCR1 register x D1
INTTAANCCH signal —l —l —l —l

TOAAN1 pin output

Wait | Active level Active leve Active level
for |width (D1) width (D+) width (D1)
trigger
Cycle (Do+ 1) = Cycle (Do + 1) Cycle (Do + 1)

16-bit timer/event counter AA waits for a trigger when the TAAnCE bit is set to 1. When the trigger is generated, the 16-
bit counter is cleared from FFFFH to 0000H, starts counting at the same time, and outputs a PWM waveform from the
TOAAN1 pin. If the trigger is generated again while the counter is operating, the counter is cleared to 0000H and restarted.
(The output of the TOAANO pin is inverted. The TOAAN1 pin outputs a high level 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 TAANCCR1 register) x Count clock cycle
Cycle = (Set value of TAANCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TAANCCR1 register)/(Set value of TAANCCRO register + 1)

The compare match request signal INTTAANCCO is generated the next time the 16-bit counter counts after its count
value matches the value of the CCRO buffer register, and the 16-bit counter is cleared to 0000H at the same time. The
compare match interrupt request signal INTTAANCC1 is generated when the count value of the 16-bit counter matches the
value of the CCR1 buffer register.

The value set to the TAANCCRm register is transferred to the CCRm buffer register when the count value of the 16-bit
counter matches the value of the CCRm buffer register and the 16-bit counter is cleared to 0000H.

The valid edge of an external trigger input signal, or setting the software trigger (TAANCTL1.TAANEST bit) to 1 is used
as the trigger.

Remark m=0,1

RO1UHO0232EJ0200 Rev.2.00 213
Mar 25, 2014 RENESANAS



VB850ES/JES-E, V850ES/JG3-E CHAPTER 6 16-BIT TIMER/EVENT COUNTER AA (TAA)

Figure 6-23. Setting of Registers in External Trigger Pulse Output Mode (1/2)

(a) TAAN control register 0 (TAANCTLO)

TAANCE TAANCKS2 TAANCKS1 TAAnCKSO
TAANCTLO | 0N ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 0/1 ‘ 0/1 |

—— Select count clock

0: Stops counting
1: Enables counting

(b) TAAnN control register 1 (TAANCTL1)

TAANEST TAAnEEE TAANMD2 TAANMD1 TAANMDO
TAAnCTL1|O‘O/1‘O‘O‘O‘O‘1‘O|

0,1,0:
External trigger pulse
output mode

Generates software trigger
when 1 is written

(c) TAAN /O control register 0 (TAAnIOCO)

TAANOL1 TAAnOE1 TAANnOLO TAANOEO
TAAnIOCOl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/qNete

o/ Note

0: Disables TOAANO pin output
1: Enables TOAANO pin output

Sets output level while operation
of TOAANO pin is disabled

0: Low level

1: High level

0: Disables TOAAN1 pin output
1: Enables TOAAN1 pin output

Specifies active level of
TOAAN1 pin output

0: Active-high

1: Active-low

e When TAANOL1 bit=0 e When TAANOL1 bit =1

16-bit counter /I/I/I/I/ 16-bit counter /I/I/I/I/

TOAANni pinoutput _ —1_ L 1L — TOAAN1 pinoutput —_ 11 1L

Note Clear this bit to 0 when the TOAANO pin is not used in the external trigger pulse output mode.
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Figure 6-23. Setting of Registers in External Trigger Pulse Output Mode (2/2)

(d) TAAN /O control register 2 (TAAnIOC2)

TAANEES1T TAANEESO TAANETS1 TAANETSO
TAAnIOCZlO‘O‘O‘0‘0‘0‘0/1‘0/1'

Select valid edge of

external trigger input

(e) TAAn counter read buffer register (TAANCNT)
The value of the 16-bit counter can be read by reading the TAANCNT register.

(f) TAAnN capture/compare registers 0 and 1 (TAAnCCRO and TAAnNCCR1)

If Do is set to the TAANCCRO register and D1 to the TAANCCR1 register, the cycle and active level of the
PWM waveform are as follows.

Cycle = (Do + 1) x Count clock cycle
Active level width = D1 x Count clock cycle

Remark TAAn I/O control register 1 (TAAnIOC1) and TAAn option register 0 (TAANOPTO) are not used in
the external trigger pulse output mode.
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(1) Operation flow in external trigger pulse output mode

Figure 6-24. Software Processing Flow in External Trigger Pulse Output Mode (1/2)

FFFFH

16-bit counter Doo Doo D11 D11 Doo
Do D1o D1o D1o

0000H

TAANCE bit

External trigger input
(TIAANO pin input)

TAANCCRO register Doo Do1 Doo

| <

CCRO buffer register X Doo X Do1 X Doo

INTTAANCCO signal 1 1 1 1 1 1

TOAANO pin output ]
(only when software
trigger is used) —

TAANnCCR1 register X D1o D1o D11 X D1o
CCR1 buffer register X D1o X D1o X D11 X D1o
INTTAANCCH1 signal —| |_| —| —| —| —|
TOAAN1 pin output J |_| |
<1> <2> <3> <4> <5>
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Figure 6-24. Software Processing Flow in External Trigger Pulse Output Mode (2/2)

<1> Count operation start flow <3> TAAnCCRO, TAANCCR1 register
setting change flow

| Only writing of the TAANCCR1
( START ) | register must be performed when

‘ the set duty factor is changed.
When the counter is cleared after

Setting of TAANCCR1 register setting, the value of the
TAANCCRm register is transferred

Register initial setting Initial setting of these ‘ to the CCRm buffer register.
TAANCTLO register registers is performed ‘

(TAANCKSO to TAANCKS2 bits), | before setting the |
TAANCTL1 register, TAANCE bitto 1.

TAAnNIOCO register,
TAANIOC2 register,
TAANCCRO register,

TAANCCRT register <4> TAANCCRO, TAANCCRH register

setting change flow

The TAANCKSO to |
TAANCKS2 bits can be ‘
set at the same time ‘

When the counter is

TAANCE bit =1 when counting is enabled :
TAANCE bi . ) cleared after setting,
(TAANCE bit = 1). Setting of TAANCCRO register | the values of the TAANCCRM
Trigger wait status

register are transferred to
the CCRm buffer register
in a batch.

Setting of TAANCCR1 register

<2> TAAnCCRO and TAANCCR1 register
setting change flow <5> Count operation stop flow

TAANCCR1 register write TAANCE bit =
Setting of TAANCCRO register processing is necessary nCEbit=0
only when the set
cycle is changed.

When the counter is STOP
Setting of TAANCCRH1 register cleared after setting,

the values of the

TAANnCCRm register are
transferred to the CCRm
buffer register in a batch.

Counting is stopped.

Remark m=0, 1
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(2) External trigger pulse output mode operation timing

(a) Note on changing pulse width during operation
To change the PWM waveform while the counter is operating, write the TAANCCR1 register last.

Rewrite the TAANCCRm register after writing the TAANCCR1 register after the INTTAANCCO signal is
detected.

Remark n=0to4
m=0,1

FFFFH

16-bit counter Doo 1~ Doo 4~  Doo
D1o /] D1o /] D1o /T

0000H

TAANCE bit

External trigger input
(TIAANO pin input)

TAANCCRO register x Doo X Dot

CCRO buffer register Doo Dot

INTTAANCCO signal —| —| —| _| —|

TOAANO pin output
(only when software
trigger is used)

TAANCCR1 register x D1o X D11

CCRH1 buffer register D1o D11

INTTAANCCH signal _l —l —l —l —l

TOAAN1 pin output
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In order to transfer data from the TAANCCRm register to the CCRm buffer register, the TAANCCR1 register
must be written.

To change both the cycle and active level width of the PWM waveform at this time, first set the cycle to the
TAANCCRO register and then set the active level width to the TAANCCR1 register.

To change only the cycle of the PWM waveform, first set the cycle to the TAANCCRO register, and then write
the same value to the TAANCCRH1 register.

To change only the active level width (duty factor) of the PWM waveform, only the TAANCCR1 register has to
be set.

After data is written to the TAANCCR1 register, the value written to the TAANCCRm register is transferred to
the CCRm buffer register in synchronization with clearing of the 16-bit counter, and is used as the value
compared with the 16-bit counter.

To write the TAANCCRO or TAANCCR1 register again after writing the TAANCCR1 register once, do so after
the INTTAANCCO signal is generated. Otherwise, the value of the CCRm buffer register may become
undefined because the timing of transferring data from the TAANCCRm register to the CCRm buffer register
conflicts with writing the TAANCCRm register.

Remark m=0, 1

RO1UH0232EJ0200 Rev.2.00 219
Mar 25, 2014 RENESAS



VB850ES/JES-E, V850ES/JG3-E CHAPTER 6 16-BIT TIMER/EVENT COUNTER AA (TAA)

(b) 0%/100% output of PWM waveform
To output a 0% waveform, set the TAANCCR1 register to 0000H. If the set value of the TAANCCRO register is
FFFFH, the INTTAANCC1 signal is generated periodically.

Count clock ||||||||||||||||||
16-bit counter ~ FFFF X 0000 ::XDO—1X Do 0000X0001x ::XDo—1X Do 0000*

{
)
TAANCE bit
{( {
)] )]
TAANCCRO register Do Do Do
{( {
d !
TAANCCR1 register 0000H B 0000H ) 0000H
)] )]
INTTAANCCO signal

INTTAANCC1 signal

TOAAnN1 pin output

To output a 100% waveform, set a value of (set value of TAANCCRO register + 1) to the TAANCCR1 register.
If the set value of the TAANCCRO register is FFFFH, 100% output cannot be produced.

Count clock |||||||||||||||||||
16-bit counter  FFFF X 0000 ::XDO—1X Do 0000X0001x ::XDo—1X Do OOOO*

)
TAANCE bit

{( {
)] )]

TAANCCRO register Do Do Do
} i
)] )]

TAANCCR1 register Do + 1 B Do + 1 ) Do + 1
)] )]

INTTAANCCO signal | |

INTTAANCCH1 signal

TOAAN1 pin output
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(c) Conflict between trigger detection and match with TAANCCR1 register
If the trigger is detected immediately after the INTTAANCC1 signal is generated, the 16-bit counter is cleared
to O000H at the same time, the output signal of the TOAAN1 pin is asserted, and the counter continues
counting. Consequently, the inactive period of the PWM waveform is shortened.

16-bit counter  FFFF X 0000 x D1 -1 0000 x
External trigger input
(TIAANO pin input)

TAANCCR1 register D+

INTTAANCC1 signal |

TOAAN1 pin output

Shortened

If the trigger is detected immediately before the INTTAANCC1 signal is generated, the INTTAAnCC1 signal is
not generated, and the 16-bit counter is cleared to 0000H and continues counting. The output signal of the
TOAAN1 pin remains active. Consequently, the active period of the PWM waveform is extended.

16-bit counter ~ FFFF |[X 0000 x D1 — 2X X 0000 X 0001 x x D1 -1

External trigger input
(TIAANO pin input)

TAANCCR1 register D1

INTTAANCCH1 signal |

TOAAnN1 pin output

Extended
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(d) Conflict between trigger detection and match with TAANCCRO register
If the trigger is detected immediately after the INTTAAnCCO signal is generated, the 16-bit counter is cleared
to 0000H again and continues counting up. Therefore, the active period of the TOAAN1 pin is extended by
the time from generation of the INTTAAnCCO signal to trigger detection.

16-bit counter  FFFF .0000 x Do - 1X Do

External trigger input
(TIAANO pin input)

.

0000 |[X 0000 X:

TAANCCRO register ) Do
b
INTTAANCCO signal B _l
TOAAN1 pin output
Extended

If the trigger is detected immediately before the INTTAANCCO signal is generated, the INTTAAnCCO signal is
not generated. The 16-bit counter is cleared to 0000H, the TOAANn1 pin is asserted, and the counter

continues counting. Consequently, the inactive period of the PWM waveform is shortened.

16-bit counter FFFF x 0000 x XDo—1X Do

|
0000 X 0001 X:

External trigger input
(TIAANO pin input)

TAANCCRO register . Do
)Y
INTTAANCCO signal M
)
TOAAN1 pin output
Shc;ri;ned
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(e) Generation timing of compare match interrupt request signal (INTTAAnCC1)
The timing of generation of the INTTAAnCC1 signal in the external trigger pulse output mode differs from the
timing of other INTTAANCC1 signals; the INTTAANCC1 signal in the external trigger pulse output mode is
generated when the count value of the 16-bit counter matches the value of the TAANCCR1 register.

Count clock
16-bit counter D1-2 X Di-1 D X D1+ 1 X Di+2
TAANCCR1 register D1

TOAAN1 pin output

INTTAANCC1 signal

Usually, the INTTAANCC1 signal is generated in synchronization with the next count-up, after the count value
of the 16-bit counter matches the value of the TAANCCR1 register.

In the external trigger pulse output mode, however, it is generated one clock earlier. This is because the
timing is changed to match the timing of changing the output signal of the TOAAN1 pin.
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6.5.4 One-shot pulse output mode (TAANMD2 to TAANMDO bits = 011)
In the one-shot pulse output mode, 16-bit timer/event counter AA waits for a trigger when the TAANCTLO.TAANCE bit is
set to 1. When the valid edge of an external trigger input is detected, 16-bit timer/event counter AA starts counting, and
outputs a one-shot pulse from the TOAAN1 pin.
Instead of the external trigger, a software trigger can also be generated to output the pulse. When the software trigger

is used, the TOAANO pin outputs the active level while the 16-bit counter is counting, and the inactive level when the

counter is stopped (waiting for a trigger).

Figure 6-25. Configuration in One-Shot Pulse Output Mode

TAANCCR1 register

in © Edge ;7 Transfer
TIAANO pin detector {
| ,.|o Output
CCR1 buffer register _| seontroller |—=@© TOAAn1 pin
(RS-FF)
Software trigger {} ]
generation Match signal INTTAANCC1 signal
Clear
l.] o« Output
Count QIOCk } Count start 16-bit counter Scontroller —©O TOAANO pin
selection control —|
(RS-FF)
# Match signal INTTAANCCO signal
TAANCE bit CCRO buffer register
{ ¥ Transfer
I
TAANCCRO register
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Figure 6-26. Basic Timing in One-Shot Pulse Output Mode

FFFFH

Do —— Do —— Do ——
16-bit t / Z Z
it counter D D D

0000H

TAANCE bit
External trigger input _| _| _|
(TIAANO pin input)

TAANCCRO register x Do

INTTAANCCO signal

TOAANO pin output
(only when software
trigger is used) ~——— — —

TAANCCR1 register x D1
INTTAANCCH signal —| —| —|

TOAAN1 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)

When the TAANnCE bit is set to 1, 16-bit timer/event counter AA waits for a trigger. When the trigger is generated, the
16-bit counter is cleared from FFFFH to 0000H, starts counting, and outputs a one-shot pulse from the TOAAN1 pin. After
the one-shot pulse is output, the 16-bit counter is set to FFFFH, stops counting, and waits for a trigger. If a trigger is
generated again while the one-shot pulse is being output, it is ignored.

The output delay period and active level width of the one-shot pulse can be calculated as follows.

Output delay period = (Set value of TAANCCR1 register) x Count clock cycle
Active level width = (Set value of TAANCCRO register — Set value of TAANCCR1 register + 1) x Count clock cycle

The compare match interrupt request signal INTTAANCCO is generated when the 16-bit counter counts after its count
value matches the value of the CCRO buffer register. The compare match interrupt request signal INTTAANCC1 is
generated when the count value of the 16-bit counter matches the value of the CCR1 buffer register.

The valid edge of an external trigger input or setting the software trigger (TAANCTL1.TAANEST bit) to 1 is used as the
trigger.
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Figure 6-27. Register Setting for Operation in One-Shot Pulse Output Mode (1/2)

(a) TAAN control register 0 (TAANCTLO)

TAANCE TAANCKS2 TAANCKS1 TAANCKS0
TAAnCTLOl 0/1 \ 0 \ 0 \ 0 \ 0 \ 0/ \ 0/ \ 0/1|

Select count clock

0: Stops counting
1: Enables counting

(b) TAAN control register 1 (TAANCTL1)

TAANEST TAANEEE TAANMD2 TAANMD1 TAARMDO
TAAnCTL1|0‘0/1‘O‘O‘O‘O‘1‘1|

0, 1,1:
One-shot pulse output mode

Generates software trigger
when 1 is written

(c) TAAN I/O control register 0 (TAAnIOCO)

TAANOL1 TAANOET TAANOLO TAANOED
manoco [ 0 [ o [ o | o [ on | on [ o

0/1 Note

0: Disables TOAANO pin output
1: Enables TOAANO pin output

Sets output level while operation
of TOAANO pin is disabled

0: Low level

1: High level

0: Disables TOAAN1 pin output
1: Enables TOAAN1 pin output

Specifies active level of
TOAAN1 pin output

0: Active-high

1: Active-low

e When TAANOL1 bit=0 e When TAANOL1 bit =1

16-bit counter yd | yd | 16-bit counter yd | d |

TOAAN1 pin output 1 L TOAAN1 pin output L1 LI

Note Clear this bit to 0 when the TOAANO pin is not used in the one-shot pulse output mode.
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Figure 6-27. Register Setting for Operation in One-Shot Pulse Output Mode (2/2)

(d) TAAN /O control register 2 (TAAnIOC2)

TAANEEST TAANEESO TAANETS1 TAANETSO
TAAnIOCZlO‘0‘0‘0‘0‘0‘0/1‘0/1'

Select valid edge of

external trigger input

(e) TAAn counter read buffer register (TAANCNT)
The value of the 16-bit counter can be read by reading the TAANCNT register.

(f) TAAnN capture/compare registers 0 and 1 (TAAnCCRO and TAAnNCCR1)
If Do is set to the TAANCCRO register and D1 to the TAANCCR1 register, the active level width and output
delay period of the one-shot pulse are as follows.
Active level width = (Do — D1 + 1) x Count clock cycle
Output delay period = (D1) x Count clock cycle

Caution One-shot pulses are not output even in the one-shot pulse output mode, if the set
value of the TAANCCR1 register is greater than the set value of the TAANCCRO register.

Remark TAAN I/O control register 1 (TAANIOC1) and TAAN option register 0 (TAANOPTO) are not used
in the one-shot pulse output mode.
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(1) Operation flow in one-shot pulse output mode

Figure 6-28. Software Processing Flow in One-Shot Pulse Output Mode

FFFFH
Doo —
Dot ——
16-bit counter Z
Do D11
0000H
TAANCE bit
External trigger input _| _|
(TIAANO pin input)
TAANCCRO register x Doo Do1
INTTAANCCO signal —| —|
TAANCCR1 register x D1o D11
INTTAANCC1 signal —| —|
TOAAN1 pin output
<1> <2> <3>
<1> Count operation start flow <2> TAAnCCRO, TAANCCRT1 register setting change flow
f As rewriting the
C START > ‘ TAANCCRm register
immediately forwards
Setting of TAANCCRO, 10 the GCRm buffer
TAANCCR1 registers register, rewring
] N ] immediately after
Register initial setting Initial setting of these ‘ the generation of the
TAANCTLO register registers is performed ! INTTAANCCRO signal
(TAANCKSO to TAANCKS2 bits), | before setting the ! is recommended.
TAANCTL1 register, TAANCE bit to 1.
TAANIOCO register,
TAANIOC2 register,
TAANCCRO register, <3> Count operation stop flow
TAANCCR1 register
. Count operation is
The TAANCKSO to TAANCE bit=0 stopped
TAANCKS2 bits can be
TAANCE bit=1 set at the same time
when counting has been
started (TAANCE bit = 1).
Trigger wait status STOP
Remark m=0, 1
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(2) Operation timing in one-shot pulse output mode

(a) Note on rewriting TAANCCRm register
To change the set value of the TAANCCRm register to a smaller value, stop counting once, and then change
the set value.
If the value of the TAANCCRm register is rewritten to a smaller value during counting, the 16-bit counter may
overflow.

FFFFH

16-bit counter Do Z D1o Z D1o Z Dot —,—
Di1 Z

0000H

TAANCE bit
External trigger input _| _| _|
(TIAANO pin input)
TAANCCRO register x Doo X Dot

INTTAANCCO signal —| —| —|

TOAARNO pin output _
(only when software
trigger is used)  —— —

TAANCCR1 register x D1o X D11

INTTAANCCH1 signal —| —|

—

TOAAN1 pin output

Delay Delay Delay

(D10) (D10) (10000H + D11) e
Active level width Active level width Active level width
(Doo — D10 + 1) (Doo — D10 + 1) (Dot — D11 + 1)

When the TAANCCRO register is rewritten from Doo to Dot and the TAANCCR1 register from D1o to D11 where
Doo > Dot and D1o > D11, if the TAANCCR1 register is rewritten when the count value of the 16-bit counter is
greater than D11 and less than Do and if the TAANCCRO register is rewritten when the count value is greater
than Dot and less than Doo, each set value is reflected as soon as the register has been rewritten and
compared with the count value. The counter counts up to FFFFH and then counts up again from O0OOH.
When the count value matches D11, the counter generates the INTTAANCC1 signal and asserts the TOAAN1
pin. When the count value matches Do1, the counter generates the INTTAANCCO signal, deasserts the
TOAAnNT1 pin, and stops counting.

Therefore, the counter may output a pulse with a delay period or active period different from that of the one-
shot pulse that is originally expected.

Remark m=0, 1
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(b) Generation timing of compare match interrupt request signal (INTTAAnCC1)
The generation timing of the INTTAAnCC1 signal in the one-shot pulse output mode is different from other
INTTAANCCH1 signals; the INTTAANCC1 signal in the one-shot pulse output mode is generated when the count
value of the 16-bit counter matches the value of the TAANCCR1 register.

Count clock
16-bit counter Di-2 X Di-1 D+ X Di+1 X D1 +2
TAANCCR1 register D1

TOAAN1 pin output

INTTAANCCH1 signal

Usually, the INTTAANCC1 signal is generated the next time the 16-bit counter counts after its count value
matches the value of the TAANCCR1 register.

In the one-shot pulse output mode, however, it is generated one clock earlier. This is because the timing is
changed to match the change timing of the TOAAN1 pin.
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6.5.5 PWM output mode (TAANMD2 to TAANMDO bits = 100)
In the PWM output mode, a PWM waveform is output from the TOAANn1 pin when the TAANCTLO.TAANCE bit is set to 1.
In addition, a pulse with one cycle of the PWM waveform as half its cycle is output from the TOAANO pin.

Figure 6-29. Configuration in PWM Output Mode

TAANCCR1 register
\ Transfer
{5
| .| Output
CCR1 buffer register Rcontroller —O TOAAN1 pin
( (RS-FF)
{} Match signal | | INTTAANCC1 signal
Clear
Count Output
clock >— 16-bit counter = —© TOAANO pin
selection controller
4, aton signa INTTAANCCO signal
TAANCE bit CCRO buffer register
{ } Transfer
TAANCCRO register
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Figure 6-30. Basic Timing in PWM Output Mode

FFFFH
Dot —74— Dot —1—
16-bit counter Doo -~ Doo 1~ Doo o~ D1t / D11 /
Dio /] Dio /| D1o /]
0000H
TAANCE bit

TAANCCRO register

u
o
>
o

CCRO buffer register Doo X Dot

INTTAANCCO signal —| _| —| —| _|

TOAANO pin output

TAANnCCR1 register X D1o X D11

CCRH1 buffer register D1o D11

INTTAANCCH signal _| —| —| —| —|

TOAAN1 pin output

Active period  Cycle Inactive period
(D10) (Doo + 1) (Doo — D10 + 1)

When the TAANnCE bit is set to 1, the 16-bit counter is cleared from FFFFH to 0000H, starts counting, and outputs a
PWM waveform from the TOAAN1 pin.
The active level width, cycle, and duty factor of the PWM waveform can be calculated as follows.

Active level width = (Set value of TAANCCR1 register) x Count clock cycle
Cycle = (Set value of TAANCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TAANCCR1 register)/(Set value of TAANCCRO register + 1)

The PWM waveform can be changed by rewriting the TAANCCRm register while the counter is operating. The newly
written value is reflected when the count value of the 16-bit counter matches the value of the CCRO buffer register and the
16-bit counter is cleared to 0000H.

The compare match interrupt request signal INTTAANCCO is generated the next time the 16-bit counter counts after its
count value matches the value of the CCRO buffer register, and the 16-bit counter is cleared to 0000H. The compare
match interrupt request signal INTTAANCC1 is generated when the count value of the 16-bit counter matches the value of
the CCR1 buffer register.

The value set to the TAANCCRm register is transferred to the CCRm buffer register when the count value of the 16-bit
counter matches the value of the CCRm buffer register and the 16-bit counter is cleared to 0000H.

Remark m=0, 1
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Figure 6-31. Setting of Registers in PWM Output Mode (1/2)

(a) TAAN control register 0 (TAANCTLO)

TAANCE TAANCKS2 TAANCKS1 TAACKSO
TAAnCTLOl o \ 0 \ 0 \ 0 \ 0 \ 0/ \ 0/1 \ 0/1|

——— Select count clock“°*’

0: Stops counting
1: Enables counting

(b) TAAN control register 1 (TAAnCTL1)

TAANEST TAAnEEE TAANMD2 TAAnMD1 TAAnMDO
TAAnCTL1|O‘0‘O/1‘O‘O‘1‘0‘0'

1,0, 0:
PWM output mode

0: Operates on count clock
selected by TAANCKSO to
TAANCKS2 bits

1: Counts external event
input signal

(c) TAAN /O control register 0 (TAAnIOCO)

TAANOL1 TAANOE1 TAANOLO TAANOEQ
Tamnioco [ o | o | o | o | on [ o | o

0/1 Note 2 |

0: Disables TOAANO pin output
1: Enables TOAANOQ pin output

Sets output level while operation
of TOAANO pin is disabled

0: Low level

1: High level

0: Disables TOAAN1 pin output
1: Enables TOAAN1 pin output

Specifies active level of
TOAAN1 pin output

0: Active-high

1: Active-low

e When TAANOL1 bit=0 e When TAANOL1 bit = 1
16-bit counter /I/I/I/I/ 16-bit counter /I/I/I/I/
TOAAN1 pin output I I LI TOAANn1 pinoutput —_ ™ LT L T 1

Notes 1. The setting is invalid when the TAANCTL1.TAAnEEE bit = 1.
2. Clear this bit to 0 when the TOAANO pin is not used in the PWM output mode.
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Figure 6-31. Setting of Registers in PWM Output Mode (2/2)

(d) TAAN /O control register 2 (TAAnIOC2)

TAANEES1 TAANEESO TAANETS1 TAANETSO
TAAnIOCZlO‘O‘O‘0‘0/1‘0/1‘0‘O|

Select valid edge of
external event count input.

(e) TAAn counter read buffer register (TAANCNT)
The value of the 16-bit counter can be read by reading the TAANCNT register.

(f) TAAnN capture/compare registers 0 and 1 (TAAnNCCRO and TAANCCR1)

If Do is set to the TAANCCRO register and D1 to the TAANCCR1 register, the cycle and active level of the
PWM waveform are as follows.

Cycle = (Do + 1) x Count clock cycle
Active level width = D1 x Count clock cycle

Remark TAAnN I/O control register 1 (TAANIOC1) and TAAn option register 0 (TAANOPTO) are not used in
the PWM output mode.
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(1) Operation flow in PWM output mode

Figure 6-32. Software Processing Flow in PWM Output Mode (1/2)

FFFFH

16-bit counter

0000H

TAANCE bit

TAANCCRO register

CCRO buffer register

INTTAANCCO signal

TOAANO pin output

TAANCCR1 register

CCR1 buffer register

INTTAANCC1 signal

TOAAN1 pin output

Dot Dot Dot
Doo Doo D11 D11 Doo
D1o D1o D1o D1o
x Doo X Dot X Doo
Doo X Dot X Doo
x Do D1o D11 D1o
D1o X D1o X D11 X D1o

<1>

Remark m=0, 1

<2>

<3>

<4>

<5>
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Figure 6-32. Software Processing Flow in PWM Output Mode (2/2)

<1> Count operation start flow

(o)

Register initial setting
TAANCTLO register
(TAANCKSO to TAANCKS?2 bits),
TAANCTLA1 register,
TAANIOCO register,
TAANIOC2 register,
TAANCCRO register,
TAANCCR1 register

TAANCE bit =1

<3> TAANCCRO, TAANCCRT1 register
setting change flow

| Only writing of the TAANCCR1
1 register must be performed

‘ when only the set duty factor is
changed. When the counter is
Setting of TAANCCRA1 register cleared after setting, the

value of compare register m
Initial setting of these ‘ is transferred to the CCRm

registers is performed buffer register.
before setting the
TAANCE bit to 1.

<4> TAAnCCRO, TAANCCR1 register
setting change flow

The TAAnCKSO to |
TAANCKS?2 bits can be !
set at the same time ‘
when counting is enabled When the counter is
(TAANCE bit = 1). Setting of TAANCCRO register cleared after setting,
the values of compare
register m are transferred
to the CCRm buffer register

<2> TAAnCCRO, TAANCCR1 register

setting change flow

Setting of TAANCCRO register

Setting of TAANCCR1 register

Remark m=0, 1

in a batch.
Setting of TAANCCR1 register
<5> Count operation stop flow
TAANCCR1 write . Lo
processing is necessary TAANCE bit =0 Counting is stopped.
even if only the set cycle
is changed.
When the counter is
cleared after setting, STOP

the values of the

TAANnCCRm register are
transferred to the CCRm
buffer register in a batch.
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(2) PWM output mode operation timing

(a) Changing pulse width during operation
To change the PWM waveform while the counter is operating, write the TAANCCR1 register last.
Rewrite the TAANCCRm register after writing the TAANCCR1 register after the INTTAANCC1 signal is detected.

FFFFH
Dot —— Dot —4—
16-bit counter Doo i~ Doo o Doo o~ Ds / D11 /
D1o ] D1o ] D1o /] 1
0000H / / /
TAANCE bit

TAANCCRO register

=<
g

>
g

CCRO buffer register Doo Dot
TAANCCRI1 register X D1o X D11
CCR1 buffer register D1o D11

TOAAN1 pin output

INTTAANCCO signal —| —| —| —| —|

To transfer data from the TAANCCRm register to the CCRm buffer register, the TAANCCR1 register must be
written.

To change both the cycle and active level of the PWM waveform at this time, first set the cycle to the
TAANCCRO register and then set the active level to the TAANCCR1 register.

To change only the cycle of the PWM waveform, first set the cycle to the TAANCCRO register, and then write
the same value to the TAANCCR1 register.

To change only the active level width (duty factor) of the PWM waveform, only the TAANCCR1 register has to
be set.

After data is written to the TAANCCR1 register, the value written to the TAANCCRm register is transferred to the
CCRm buffer register in synchronization with clearing of the 16-bit counter, and is used as the value compared
with the 16-bit counter.

To write the TAANCCRO or TAANCCR1 register again after writing the TAANCCR1 register once, do so after the
INTTAANCCO signal is generated. Otherwise, the value of the CCRm buffer register may become undefined
because the timing of transferring data from the TAANCCRm register to the CCRm buffer register conflicts with
writing the TAANCCRm register.

Remark m=0, 1
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(b) 0%/100% output of PWM waveform
To output a 0% waveform, set the TAANCCR1 register to 0000H. If the set value of the TAANCCRO register is
FFFFH, the INTTAANCC1 signal is generated periodically.

Count clock ||||||||||||||||||
16-bit counter  FFFF X 0000 JDOO—1X Doo 0000X0001 x JD00—1X Doo OOOOX
(
)

{
)
TAANCE bit

{ {(
)] )]

TAANCCRO register Doo Doo Doo
{ {(
A )

TAANCCR1 register 0000H ) 0000H B 0000H
)] )]

INTTAANCCO signal

INTTAANCC1 signal

TOAAN1 pin output

To output a 100% waveform, set a value of (set value of TAANCCRO register + 1) to the TAANCCR1 register. If
the set value of the TAANCCRO register is FFFFH, 100% output cannot be produced.

Count clock | | | | | | | | | | | | | | | | | | |
16-bit counter ~ FFFF X 0000 JDOO - 1X Doo 0000 X 0001 x JDOO - 1X Doo 0000 x
{ {(
)] )]
TAANCE bit
{ {(
)] )]
TAANCCRO register Doo Doo Doo
! )
)] )]
TAANCCR1 register Doo + 1 B Doo + 1 B Doo + 1
)] )]
INTTAANCCO signal N | N |
)] )]
INTTAANCC1 signal N »
)T ))
i§ )
TOAAN1 pin output
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(c) Generation timing of compare match interrupt request signal (INTTAAnCC1)
The timing of generation of the INTTAANCC1 signal in the PWM output mode differs from the timing of other
INTTAANCC1 signals; the INTTAANCCH1 signal in the PWM output mode is generated when the count value of
the 16-bit counter matches the value of the TAANCCR1 register.

Count clock
16-bit counter Di-2 X Di-1 D+ X Di+1 X D1 +2
TAANCCR1 register D1

TOAAN1 pin output

INTTAANCCH1 signal

Usually, the INTTAAnCC1 signal is generated in synchronization with the next count-up after the count value of
the 16-bit counter matches the value of the TAANCCR1 register.
In the PWM output mode, however, it is generated one clock earlier. This is because the timing is changed to
match the change timing of the output signal of the TOAAN1 pin.
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6.5.6 Free-running timer mode (TAAnMD2 to TAANMDO bits = 101)

In the free-running timer mode, 16-bit timer/event counter AA starts counting when the TAANCTLO.TAANCE bit is set to
1. At this time, the TAANCCRm register can be used as a compare register or a capture register, depending on the setting
of the TAANOPTO.TAANCCSO0 and TAANOPTO.TAAnCCS1 bits.

Figure 6-33. Configuration in Free-Running Timer Mode

TAANCCR1 register
(compare)

11

TAANCCRO register
(compare)

iy

cc?nL::chyﬁter ——=(© TOAAN1 pin output
C(())nlﬁgﬁér ——~(© TOAANO pin output

ﬁ

Internal count clock —=| Count

TAANCCSO0, TAANCCSH bits
(capture/compare selection)

| Se‘fg’cct:;n ] }~ 16-bit counter INTTAAROV signal
TIAANO pin Edge (
(external event detector ~
count input/ . 0
captrijre TAANCE bit 1 = INTTAANCCH signal
trigger input) Edge g
detector 0
TAANCCRQO register INTTAANCCO signal
(capture) 1
TIAAN1 pin ©—{ Edge
(Capture detector
trigger input) TAANnCCR1 register
(capture)
Remark m=0, 1
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When the TAANCE bit is set to 1, 16-bit timer/event counter AA starts counting, and the output signals of the TOAANO
and TOAAnN1 pins are inverted. When the count value of the 16-bit counter later matches the set value of the TAANCCRm
register, a compare match interrupt request signal (INTTAAnNCCm) is generated, and the output signal of the TOAAnm pin
is inverted.

The 16-bit counter continues counting in synchronization with the count clock. When it counts up to FFFFH, it
generates an overflow interrupt request signal (INTTAANOV) at the next clock, is cleared to 0000H, and continues counting.
At this time, the overflow flag (TAANOPTO.TAANOVF bit) is also set to 1. Clear the overflow flag to 0 by executing the CLR
instruction by software.

The TAANCCRm register can be rewritten while the counter is operating. If it is rewritten, the new value is reflected at
that time, and compared with the count value.

Figure 6-34. Basic Timing in Free-Running Timer Mode (Compare Function)

FFFFH
Doo Doo
. Do1 Dot
16-bit counter / /
Dro Dro D11 D11 D11/
0000H
TAANCE bit

O
8
O
2

TAANnCCRO register

INTTAANCCO signal —| —| —| —|

TOAARNO pin output

TAANCCR1 register :X D1o X D11

INTTAANCC1 signal —| _| —| —| —|_

TOAAN1 pin output

INTTAANQV signal —| —| —| —|

TAANOVF bit L

Clearedto O by Clearedto0by Clearedto0by Cleared to 0 by
CLR instruction CLR instruction CLR instruction CLR instruction

Remark m=0, 1
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When the TAANCE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TIAAnm pin is
detected, the count value of the 16-bit counter is stored in the TAANCCRm register, and a capture interrupt request signal
(INTTAAnCCm) is generated.

The 16-bit counter continues counting in synchronization with the count clock. When it counts up to FFFFH, it
generates an overflow interrupt request signal (INTTAANOV) at the next clock, is cleared to 0000H, and continues counting.
At this time, the overflow flag (TAANOPTO.TAAnOVF bit) is also set to 1. Clear the overflow flag to 0 by executing the CLR
instruction by software.

Figure 6-35. Basic Timing in Free-Running Timer Mode (Capture Function)

FFFFH
D1o
Doo /| D”Z D12 D1 /
16-bit counter Dot Z /
Doz
Dos

0000H
TAANCE bit
TIAANO pin input —l —l —l —l
TAANCCRO register Doo Dot Doz Dos
INTTAANCCO signal —l —l —l —l

TIAAn1 pin input —l —l —l —|_

TAANnCCRT register D1o D11 D1z D13

INTTAANCC1 signal —| —| —| —|
INTTAANOV signal —| —| —|

TAANOVF bit

ClearedtoOby Clearedto 0by Cleared to 0 by
CLR instruction CLR instruction CLR instruction
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Figure 6-36. Register Setting in Free-Running Timer Mode (1/2)

(a) TAAN control register 0 (TAANCTLO)

TAANCE TAANCKS2 TAANCKS1 TAANCKSO
TAAnCTLOl o \ 0 \ 0 \ 0 \ 0 \ 0/1 \ 0/1 \ 0/1|

Select count clock°t®

0: Stops counting
1: Enables counting

Note The setting is invalid when the TAANCTL1.TAAnEEE bit = 1

(b) TAAN control register 1 (TAAnCTL1)

TAANEST TAANEEE TAANMD2 TAANMD1 TAAnMDO
TAAnCTL1|O‘O‘O/1‘O‘O‘1‘0‘1|

1,0, 1:
Free-running mode

0: Operates with count clock
selected by TAANCKSO to
TAANCKS?2 bits

1: Counts on external
event count input signal

(c) TAAnN I/O control register 0 (TAAnIOCO)

TAANnOL1 TAANnOE1 TAAnOLO TAAnOEO

TAAnIOCOl 0 \ 0 \ 0 \ 0 \ 0/ \ 0/ \ 0 \ 0/1|

0: Disables TOAANO pin output
1: Enables TOAANO pin output

Sets output level with operation
of TOAANO pin disabled

0: Low level

1: High level

0: Disables TOAAN1 pin output
1: Enables TOAAN1 pin output

Sets output level with operation
of TOAAN1 pin disabled

0: Low level

1: High level
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Figure 6-36. Register Setting in Free-Running Timer Mode (2/2)

(d) TAAN /O control register 1 (TAAnIOC1)

TAANIS3 TAAnIS2 TAAnIS1 TAAnISO
TAAnIOC1| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 01 ‘ 0/1 ‘ 0/1 |

|
Select valid edge

of TIAANO pin input

Select valid edge
of TIAANn1 pin input

(e) TAAN /O control register 2 (TAAnIOC2)

TAAREES1 TAAREESO TAANETS1 TAAnETSO
TAANIOC2 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0 ‘ 0 |

Select valid edge of
external event count input

(f) TAAnN option register 0 (TAANOPTO0)

TAANCCS1 TAANCCSO TAAROVF
TAAnOPTOlO \ 0\0/1\0/1\ 0\0\0‘0/1|

L Overflow flag

Specifies if TAANCCRO
register functions as
capture or compare register

Specifies if TAANCCR1
register functions as
capture or compare register

(g) TAAnN counter read buffer register (TAANCNT)
The value of the 16-bit counter can be read by reading the TAANCNT register.

(h) TAAnN capture/compare registers 0 and 1 (TAAnNCCRO and TAANCCR1)
These registers function as capture registers or compare registers depending on the setting of the
TAANOPTO0.TAANCCSm bit.
When the registers function as capture registers, they store the count value of the 16-bit counter when
the valid edge input to the TIAAnm pin is detected.
When the registers function as compare registers and when Dm is set to the TAANCCRm register, the
INTTAANCCm signal is generated when the counter reaches (Dm + 1), and the output signal of the
TOAANmM pin is inverted.

Remark m=0, 1
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(1) Operation flow in free-running timer mode

(a) When using capture/compare register as compare register

Figure 6-37. Software Processing Flow in Free-Running Timer Mode (Compare Function) (1/2)

FFFFH

16-bit counter

0000H

TAANCE bit

TAANCCRO register

INTTAANCCO signal

TOAANO pin output

TAANCCR1 register

INTTAANCC1 signal

TOAAN1 pin output

INTTAANQV signal

TAANOVF bit

Doo Doo
Z{/;7 4{/;7 Dot Dot
Do Dro D11/ D11/ D11Z
} Doo Dot
Set value changed
:)( D1o #( D11
Set value chapged
<1> Clearedto O by Clearedto O by Cleared to 0 by <3>

CLR instruction CLR instruction CLR instruction

f f f

<2> <2> <2>
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Figure 6-37. Software Processing Flow in Free-Running Timer Mode (Compare Function) (2/2)

<1> Count operation start flow

C smr )

Register initial setting Initial setting of these registers
TAANCTLO register is performed before setting the
(TAANCKSO to TAANCKS2 bits), TAANCE bit to 1.

TAANCTLA1 register,
TAANIOCO register,
TAANIOC2 register,
TAANOPTO register,
TAANCCRO register,
TAANCCRI1 register

The TAANCKSO to TAANCKS?2 bits
TAANCE bit = 1 can be set at the same time

when counting has been started
(TAANCE bit = 1).

<2> Overflow flag clear flow

Read TAANOPTO register
(check overflow flag).

TAANOVF bit = 1

Execute instruction to clear
TAANOVF bit (CLR TAANOVF).

<3> Count operation stop flow

Counter is initialized and
TAANCE bit =0 counting is stopped by

clearing TAANCE bit to 0.
C STOP >
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(b) When using capture/compare register as capture register

Figure 6-38. Software Processing Flow in Free-Running Timer Mode (Capture Function) (1/2)

FFFFH

D1o
Doo /] D”Z D12
16-bit counter Dot Z
Doz

Dos /

0000H

TAANCE bit

TIAANO pin input

TAANCCRO register 0000 Doo Dot Doz DDSX 0000

INTTAANCCO signal

TIAAN1 pin input —l —l —l

TAANCCRI register 0000 D1o D11 D12 0000

INTTAANCC1 signal —| —| —|
INTTAANQV signal —| —| —|

TAANOVF bit
Clearedto 0 by Cleared to 0 by
<1> CLR instruction CLR instruction <3>
<2> <2>
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Figure 6-38. Software Processing Flow in Free-Running Timer Mode (Capture Function) (2/2)

<1> Count operation start flow

o )

Register initial setting Initial setting of these registers
TAANCTLO register is performed before setting the
(TAANCKSO to TAANCKS2 bits), TAANCE bit to 1.

TAANCTL1 register,
TAANIOCH1 register,
TAANOPTO register

The TAANCKSO to TAANCKS2 bits can
TAANCE bit = 1 be set at the same time when counting
has been started (TAANCE bit = 1).

<2> Overflow flag clear flow

Read TAANOPTO register
(check overflow flag).

TAANOVF bit = 1

Execute instruction to clear
TAANOVF bit (CLR TAANOVF).

<3> Count operation stop flow

Counter is initialized and
TAANCE bit=0 counting is stopped by

clearing TAANCE bit to 0.
C sToP >
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(2) Operation timing in free-running timer mode

(a) Interval operation with TAANCCRm register used as compare register
When 16-bit timer/event counter AA is used as an interval timer with the TAANCCRm register used as a
compare register, software processing is necessary for setting a comparison value to generate the next
interrupt request signal each time the INTTAAnCCm signal has been detected.

FFFFH
Dio Doz
Do /
16-bit counter D11 Der
Dot / D12
D Dos
0000H "
TAANCE bit
TAANCCRO register Doo Dot X Doz X Dos X Do4 X Dos
INTTAANCCO signal —| —| —| —| —|
TOAANO pin output
Interval period Interval period Interval period Interval period Interval period
(Dw+1)  (10000H+  (De-Dey  (10000H+  (10000H +
Dot — Doo) Dos — Do2) Dos — Do)
TAANCCR1 register D1o X D11 X D12 X D13 X D14
INTTAANCC1 signal —l —l —l —l
TOAAN1 pin output

Interval period ' Interval period Interval period Interval period
(D1o+ 1) (10000H + (10000H + (10000H +
Dﬂ—Dwo) D12—D1|) D13—D|2)

When performing an interval operation in the free-running timer mode, two intervals can be set with one
channel.

To perform the interval operation, the value of the corresponding TAANCCRm register must be re-set in the
interrupt servicing that is executed when the INTTAAnNCCm signal is detected.

The set value for re-setting the TAANCCRm register can be calculated by the following expression, where “Dm”
is the interval period.

Compare register default value: Dm — 1

Value set to compare register second and subsequent times: Previous set value + Dm

(If the calculation result is greater than FFFFH, subtract 10000H from the result and set this value to the
register.)

Remark m=0, 1
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(b) Pulse width measurement with TAANCCRm used as capture register
When pulse width measurement is performed with the TAAnNCCRm register used as a capture register,
software processing is necessary for reading the capture register each time the INTTAAnCCm signal has been
detected and for calculating the interval.

FFFFH

D Doz
Doo10 7 /

16-bit counter D11 DosZ
Do1 D12
D Dos
0000H 13
TAANCE bit

TIAANO pin input —| —| —| —|
TAANnCCRO register 0000H Doo Dot Doz Dos Doa4
INTTAANCCO signal —| —| —| —|

Pulse interval Pulse interval Pulse interval Pulse interval Pulse interval

(Do) (10000H+  (De-Do)  (10000H+  (10000H +
Dot — Doo) Dos — Do) Dos — Dog)
TIAAN1 pin input [ [ [ [
TAANCCRT1 register 0000H D1o D11 D12 X D1s
INTTAANCCH signal

Pulse interval Pulse interval Pulse interval Pulse interval

(D10) (10000H + (10000H + (10000H +
D11 — D1o) D12 — D11) D13 — D12)
INTTAANOV signal _| _| _|

TAANOVF bit

Clearedto 0 by Clearedto 0 by Cleared to 0 by
CLR instruction CLR instruction CLR instruction

When executing pulse width measurement in the free-running timer mode, two pulse widths can be measured
with one channel.

To measure a pulse width, the pulse width can be calculated by reading the value of the TAANCCRm register in
synchronization with the INTTAANCCm signal, and calculating the difference between the read value and the
previously read value.

Remark m=0, 1
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(c) Processing of overflow when two capture registers are used
Care must be exercised in processing the overflow flag when two capture registers are used. First, an example
of incorrect processing is shown below.

Example of incorrect processing when two capture registers are used

FFFFH

D11
16-bit counter Df /
Do1

0000H

TAANCE bit

TIAANO pin input -| -|

TAANCCRO register Doo Dot

TIAAN1 pin input -| -|

TAANCCR1 register D1o D11

INTTAANQV signal -| -|

TAANOVF bit

<1> <2> <3> <4>
The following problem may occur when two pulse widths are measured in the free-running timer mode.

<1> Read the TAANCCRO register (setting of the default value of the TIAAnO pin input).
<2> Read the TAANCCR1 register (setting of the default value of the TIAAn1 pin input).
<3> Read the TAANCCRO register.
Read the overflow flag. If the overflow flag is 1, clear it to 0.
Because the overflow flag is 1, the pulse width can be calculated by (10000H + Dot — Doo).
<4> Read the TAANCCR1 register.
Read the overflow flag. Because the flag is cleared in <3>, 0 is read.
Because the overflow flag is 0, the pulse width can be calculated by (D11 — 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.
Use software when using two capture registers. An example of how to use software is shown below.
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(1/2)
Example when two capture registers are used (using overflow interrupt)
FFFFH
D11
16-bit counter Df /
Doo Dot
0000H
TAANCE bit
INTTAANQV signal -| -|
TAANOVF bit —l —l
TAANOVFO flagh®*
TIAANO pin input
TAANCCRO register Doo Dot
TAANOVF1 flagh®®
TIAAN1 pin input
TAANCCR1 register Dro D1
<1> <2> <3> <4> <5> <6>
Note The TAANOVFO and TAANOVF1 flags are set on the internal RAM by software.
<1> Read the TAANCCRO register (setting of the default value of the TIAANO pin input).
<2> Read the TAANCCRT1 register (setting of the default value of the TIAAn1 pin input).
<3> An overflow occurs. Set the TAANOVFO and TAAnOVF1 flags to 1 in the overflow interrupt servicing,
and clear the overflow flag to 0.
<4> Read the TAANCCRO register.
Read the TAANOVFO flag. If the TAANOVFO flag is 1, clear it to 0.
Because the TAANOVFO flag is 1, the pulse width can be calculated by (10000H + Dot — Doo).
<5> Read the TAANCCR1 register.
Read the TAANOVF1 flag. If the TAANOVF1 flag is 1, clear it to O (the TAANOVFO flag is cleared in
<4>, and the TAANOVF1 flag remains 1).
Because the TAANOVF1 flag is 1, the pulse width can be calculated by (10000H + D11 — D1o)
(correct).
<6> Same as <3>
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2/2)
Example when two capture registers are used (without using overflow interrupt)
FFFFH
D11
16-bit counter Df /
Doo Dot
0000H
TAANCE bit
INTTAANOV signal -| -|
TAANOVF bit
TAANOVFO flagh®*
TIAANO pin input
TAANCCRO register Doo Dot
TAANOVF1 flagh°t®
TIAAN1 pin input
TAANCCR1 register Dro D1
<1> <2> <3> <4> <5> <6>
Note The TAANOVFO and TAANOVF1 flags are set on the internal RAM by software.
<1> Read the TAANCCRO register (setting of the default value of the TIAAnO pin input).
<2> Read the TAANCCR1 register (setting of the default value of the TIAAn1 pin input).
<3> An overflow occurs. Nothing is done by software.
<4> Read the TAANCCRO register.
Read the overflow flag. If the overflow flag is 1, set only the TAANOVF1 flag to 1, and clear the
overflow flag to 0.
Because the overflow flag is 1, the pulse width can be calculated by (10000H + Dot — Doo).
<5> Read the TAANCCR1 register.
Read the overflow flag. Because the overflow flag is cleared in <4>, O is read.
Read the TAANOVF1 flag. If the TAANOVF1 flag is 1, clear it to 0.
Because the TAANOVF1 flag is 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 from the first capture trigger to the next. First, an example of incorrect processing is
shown below.

Example of incorrect processing when capture trigger interval is long

FFFFH o

16-bit counter

Dm/

0000H

TAANCE bit

TIAAnm pin input |
D

TAANnCCRm register Dmo

m1

INTTAANQV signal -| -|

TAANOVF 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> Read the TAANCCRm register (setting of the default value of the TIAAnm pin input).
<2> An overflow occurs. Nothing is done by software.
<3> An overflow occurs a second time. Nothing is done by software.
<4> Read the TAANCCRm register.
Read the overflow flag. If the overflow flag is 1, clear it to 0.
Because the overflow flag is 1, the pulse width can be calculated by (10000H + Dmi — Dmo)
(incorrect).
Actually, the pulse width must be (20000H + Dm1 — Dmo) because an overflow occurs twice.

If an overflow occurs twice or more when the capture trigger interval is long, the correct pulse width may not be
obtained.

If the capture trigger interval is long, slow the count clock to lengthen one cycle of the 16-bit counter, or use
software. An example of how to use software is shown next.

Remark m=0, 1
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Example when capture trigger interval is long

FFFFH o

16-bit counter

Dm/

0000H

TAANCE bit

TIAAnm pin input

o]

TAANCCRm register Dmo

m1

INTTAANQV signal -|

TAANOVF bit —|

o < —I—

Overflow OH X 1H
counter®

ZHXOH

1 cycle of 16-bit counter

Pulse width

<1> <2> <3> <4>

Note The overflow counter is set arbitrarily by software on the internal RAM.

<1> Read the TAANCCRm register (setting of the default value of the TIAAnm pin input).
<2> An overflow occurs. Increment the overflow counter and clear the overflow flag to 0 in the overflow
interrupt servicing.
<3> An overflow occurs a second time. Increment (+1) the overflow counter and clear the overflow flag to
0 in the overflow interrupt servicing.
<4> Read the TAANCCRm register.
Read the overflow counter.
— When the overflow counter is “N”, the pulse width can be calculated by (N x 10000H + Dm1 —
Dmo).
In this example, the pulse width is (20000H + Dm1 — Dmo) because an overflow occurs twice.
Clear the overflow counter (OH).

Remark m=0, 1
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(e) Clearing overflow flag
The overflow flag can be cleared to 0 by clearing the TAANOVF bit to 0 with the CLR instruction and by writing
8-bit data (bit 0 is 0) to the TAANOPTO register. To accurately detect an overflow, read the TAANOVF bit when it
is 1, and then clear the overflow flag by using a bit manipulation instruction.

(i) Operation to write 0 (without conflict with setting) (iii) Operation to clear to 0 (without conflict with setting)
Overflow Overflow
setsignal L setsignal -

0 write signal | 0 write signal |
Overflow fla Register -
(TAANOVF big \ access signal Read Write
Overflow flag —\—
(TAANOVF bit)

(i) Operation to write 0 (conflict with setting) (iv) Operation to clear to 0 (conflict with setting)
Overflow Overflow
set signal set signal

0 write signal | 0 write signal |
Overflow flag Register -
(TAAROVF bit) \ access signal Read | | Write

Overflow flag  H
(TAANOVF bit)

To clear the overflow flag to O, read the overflow flag to check if it is set to 1, and clear it with the CLR
instruction. If 0 is written to the overflow flag without checking if the flag is 1, the set information of the overflow
may be erased by writing 0 ((ii) in the above chart). Therefore, software may judge that no overflow has
occurred even when an overflow has actually occurred.

If execution of the CLR instruction conflicts with occurrence of an overflow when the overflow flag is cleared to
0 with the CLR instruction, the overflow flag remains set (1) even after execution of the clear instruction.
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6.5.7 Pulse width measurement mode (TAAnNMD2 to TAAnNMDO bits = 110)

In the pulse width measurement mode, 16-bit timer/event counter AA starts counting when the TAANCTLO.TAANCE bit
is set to 1. Each time the valid edge input to the TIAAnm pin has been detected, the count value of the 16-bit counter is
stored in the TAANCCRm register, and the 16-bit counter is cleared to 0000H.

The interval of the valid edge can be measured by reading the TAANCCRm register after a capture interrupt request
signal (INTTAAnCCm) occurs.

Select either the TIAANO or TIAAn1 pin as the capture trigger input pin. Specify “No edge detection” for the unused pins
by using the TAAnIOC1 register.

When an external clock is used as the count clock, measure the pulse width of the TIAAn1 pin because the external
clock is fixed to the TIAANO pin. At this time, clear the TAAnIOC1.TAAnIS1 and TAAnIOC1.TAANISO bits to 00 (capture
trigger input (TIAANO pin): No edge detection).

Figure 6-39. Configuration in Pulse Width Measurement Mode

Clear
Count ]
clock =] } 16-bit counter INTTAANOV signal
selection (
INTTAANCCO signal
TAANCE bit
TIAANO pin ©—| Edge +—INTTAANCC1 signal
(capture detector
trigger input) TAANCCRO register
(capture)
TIAANR1 pin ©—~{ Edge
(capture detector
trigger input) TAANnCCRH1 register
(capture)
Remark n=0to4
m=0,1
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Figure 6-40. Basic Timing in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TAANCE bit

TIAAnm pin input k \

TAANCCRm register 0000H Do D1 D2 Ds

INTTAANCCm signal

INTTAANOV signal

Cleared to 0 by
TAANOVF bit CLR instruction

Remark m=0, 1

When the TAANCE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TIAAnm pin is
later detected, the count value of the 16-bit counter is stored in the TAANCCRm register, the 16-bit counter is cleared to
0000H, and a capture interrupt request signal (INTTAANCCm) is generated.

The pulse width is calculated as follows.

Pulse width = Captured value x Count clock cycle
If the valid edge is not input to the TIAAnm pin even when the 16-bit counter counted up to FFFFH, an overflow interrupt
request signal (INTTAAnOV) is generated at the next count clock, and the counter is cleared to 0000H and continues
counting. At this time, the overflow flag (TAANOPTO.TAANOVF bit) is also set to 1. Clear the overflow flag to 0 by
executing the CLR instruction via software.
If the overflow flag is set to 1, the pulse width can be calculated as follows.

Pulse width = (10000H x TAANOVF bit set (1) count + Captured value) x Count clock cycle

Remark m=0,1
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Figure 6-41. Register Setting in Pulse Width Measurement Mode

(a) TAAN control register 0 (TAANCTLO)

TAANCE TAANCKS2 TAANCKS1 TAANCKS0
TAAnCTLOl 0/1 \ 0 \ 0 \ 0 \ 0 \ 0 \ 0/1 \ 0/1|

—— Select count clock

0: Stops counting
1: Enables counting

(b) TAAnN control register 1 (TAANCTL1)
TAANEST TAANEEE TAAnMD2 TAANMD1 TAANMDO
TAAnCTL1| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 1 ‘ 0 |
| | 1,1,0:

—— Pulse width measurement
mode

(c) TAAnN /O control register 1 (TAAnIOC1)

TAANIS3 TAAnIS2 TAAnIS1 TAAnISO
TAAnIOC1| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 01 ‘ 0/1 ‘ 0/1 |

T i
Select valid edge

of TIAANO pin input

Select valid edge
of TIAAn1 pin input

(d) TAAnN option register 0 (TAAnNOPTO0)

TAANCCS1 TAANCCSO0 TAANOVF
TAAnOPTOlO‘O‘O‘O‘O‘O‘O‘O/1|

L Overflow flag

(e) TAAn counter read buffer register (TAANCNT)
The value of the 16-bit counter can be read by reading the TAANCNT register.

(f) TAAnN capture/compare registers 0 and 1 (TAAnCCRO and TAANCCR1)
These registers store the count value of the 16-bit counter when the valid edge input to the TIAAnm pin is
detected.

Remarks 1. TAAn I/O control register 0 (TAAnIOCO), and TAAn I/O control register 2 (TAAnIOC2) are not
used in the pulse width measurement mode.
2. m=0,1
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(1) Operation flow in pulse width measurement mode

Figure 6-42. Software Processing Flow in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TAANCE bit

TIAANO pin input

TAANCCRQO register 0000H Do D1 DzX 0000H

INTTAANCCO signal —| —| —|

<1> <2>

<1> Count operation start flow

o D

Register initial setting
TAANCTLO register
(TAANCKSO to TAANCKS2 bits),
TAANCTLA1 register,
TAANIOCH1 register,
TAANOPTO register

Initial setting of these registers
is performed before setting the
TAANCE bit to 1.

The TAANCKSO to TAANCKS2 bits can
be set at the same time when counting
has been started (TAANCE bit = 1).

Set TAANCTLO register
(TAANCE bit = 1)

<2> Count operation stop flow

The counter is initialized and counting

TAANCE bit =0 is stopped by clearing the TAANnCE bit to 0.

=
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(2) Operation timing in pulse width measurement mode

(a) Clearing overflow flag
The overflow flag can be cleared to 0 by clearing the TAANOVF bit to 0 with the CLR instruction and by writing
8-bit data (bit 0 is 0) to the TAANOPTO register. To accurately detect an overflow, read the TAANOVF bit when it
is 1, and then clear the overflow flag by using a bit manipulation instruction.

(i) Operation to write 0 (without conflict with setting) (iii) Operation to clear to 0 (without conflict with setting)
Overflow Overflow
set signal L set signal

0 write signal | 0 write signal |
Overflow fla Register -
(TAANOVF big \ access signal Read Write
Overflow flag —\—
(TAANOVF bit)

(i) Operation to write 0 (conflict with setting) (iv) Operation to clear to 0 (conflict with setting)
Overflow Overflow
set signal set signal

0 write signal | 0 write signal |
Overflow flag Register -
(TAANOVF bit) \ access signal Read Write

Overflow flag 4
(TAANOVF bit)

To clear the overflow flag to 0, read the overflow flag to check if it is set to 1, and clear it with the CLR
instruction. If 0 is written to the overflow flag without checking if the flag is 1, the set information of the overflow
may be erased by writing 0 ((ii) in the above chart). Therefore, software may judge that no overflow has
occurred even when an overflow has actually occurred.

If execution of the CLR instruction conflicts with occurrence of an overflow when the overflow flag is cleared to
0 with the CLR instruction, the overflow flag remains set (1) even after execution of the clear instruction.
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6.5.8 Timer output operations
The following table shows the operations and output levels of the TOAANO and TOAAN1 pins.

Table 6-7. Timer Output Control in Each Mode

Operation Mode

TOAAnN1 Pin

TOAANO Pin

Interval timer mode

Square wave output

External event count mode

Square wave output

External trigger pulse output mode

External trigger pulse output

One-shot pulse output mode

One-shot pulse output

PWM output mode

PWM output

Square wave output

Free-running timer mode

Square wave output (only when compare function is used)

Pulse width measurement mode

Table 6-8. Truth Table of TOAANO and TOAAN1 Pins Under Control of Timer Output Control Bits

TAANIOCO.TAANOLm Bit

TAAnIOCO.TAANOEm Bit

TAANnCTLO.TAANCE Bit

Level of TOAANmM 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=0, 1

RO1UH0232EJ0200 Rev.2.00

Mar 25, 2014

RENESAS

262



V850ES/JES-E, VB50ES/JG3-E

CHAPTER 6 16-BIT TIMER/EVENT COUNTER AA (TAA)

6.6 Timer-Tuned Operation Function

Timer AA and timer AB have a timer-tuned operation function.
The timer-tuned operation function is used to tune the internal timers of the V850ES/JE3-E and V850ES/JG3-E, so that

Table 6-9. Tuned-Operation Mode of Timers

Master Timer Slave Timer
TAA1 TAAO
TAA3 TAA2
TAB1 TAA4

The tuned-operation function has the following modes.

¢ PWM output mode
e Free-running timer mode

the number of capture or compare registers of the slave timer (the number of timer outputs and the number of compare
match interrupts of the slave timer) can be added to the master timer. The timers that can be tuned are listed in Table 6-9.

Figure 6-43 shows an example where individual operation and tuned operation of TAAO (as the master timer) and TAA1

(as the slave timer) are performed in PWM output mode.

Figure 6-43. Differences Between Individual Operation and Tuned Operation Using TAAO and TAA1

Individual operation

Tuned operation

TAA1

16-bit timer/counter

16-bit capture/compare

16-bit capture/compare

—TOAA10 (square
waveform output)
—TOAA11 (PWM output)

TAAO

16-bit timer/counter

16-bit capture/compare

16-bit capture/compare

—-TOAAOQO (square-
waveform output)
—TOAAO01 (PWM output)

Two PWM outputs are available when PWM
is operated separately with each timer.

TAA1 (master) + TAAO (slave)

16-bit timer/counter

16-bit capture/compare

16-bit capture/compare

16-bit capture/compare

16-bit capture/compare

— TOAA10 (square
waveform output)
— TOAA11 (PWM output)

— TOAAO01 (PWM output)

L~ TOAAO1 (PWM output)

Three PWM outputs are available when
PWM is operated in tuned-operation mode.
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Table 6-10 show the timer modes that can be used in the tuned-operation mode and Table 6-11 shows the differences
of the timer output functions between individual operation and tuned operation (V: Settable, x: Not settable).

Table 6-10. Timer Modes Usable in Tuned-Operation Mode

Master Timer Slave Timer Free-Running Timer Mode PWM Mode
TAA1 TAAO 3 J
TAA3 TAA2 v J
TAB1 TAA4 3 J
Table 6-11. Timer Output Functions
Tuned Timer Pin Free-Running Timer Mode PWM Mode
Channel Individual Operation| Tuned Operation (Individual Operation| Tuned Operation
Cho TAA1 TOAA10 PPG « Toggle <«
(master) | toaat1 PPG - PWM -
TAAO | TOAAO0 PGP <« Toggle PWM
(slave) | toaa01 PPG - PWM -
chi TAA3 | TOAA30 PPG « Toggle «
(master) | toaa31 PPG - PWM -
TAA2 | TOAA20 PPG <« Toggle PWM
(slave) | roan21 PPG - PWM -
ch2 TAB1 | TOAB10 PPG « Toggle «
(master) | t5AB11 to TOAB13 PPG - PWM -
TAA4 | TOAA40 PPG <« Toggle PWM
(slave) | roaas4q PPG - PWM -
Remark The timing of transmitting data from the compare register of the buffer register is as follows.

e PPG:

CPU write timing
¢ Toggle, PWM, triangular wave PWM: Timing at which timer counter and compare register match TOAANO
and TOABmMO
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6.6.1 Free-running timer mode (during timer-tuned operation)

This section explains the free-running timer mode of the timer-tuned operation. For the combination of timer-tuned
operations, see Table 6-9 In this section, an example of timer-tuned operation using TAA1 and TAAO is shown.

U

(i)

Selecting capture/compare registers

When the free-running timer mode of the timer-tuned operation is used with TAA1 and TAAO connected to each
other, the two capture/compare registers of TAA1 and two capture/compare registers of TAAO can be used in
combination.

How the capture and compare registers are combined is not restricted and can be selected by using the
TAANCCSn bit of the master or slave timer. When the compare register is selected, the set value of the
compare register can be rewritten during operation and the rewriting method is anytime write (n =0, 1).

Overflow

If the counter overflows, an overflow interrupt (INTTAA1OV) of the master timer is generated and the overflow
flag (TAA1OVF) is set to “1”.

The overflow interrupt (INTTAAOQOV) and overflow flag (TAAOOVF) of the slave timer do not operate and are
always at the low level.
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(1) Settings in free-running timer mode (compare function)

[Initial settings]
Master timer: TAA1CTLO.TAA1CE = 0 (operation disabled)
Slave timer: TAAOCTLO.TAAOCE = 0 (operation disabled)

[Initial settings of master timer (TAA1)]
e TAA1CTL1.TAATMD2 to TAA1CTL1.TAATMDO = 101 (setting of free-running timer mode)
e TAATOPTO0.TAA1CCS1 and TAA1OPTO.TAA1CCSO = 00 (setting of capture/compare select bit to
“compare”.)
e TAA1CTL1.TAA1CKS2 to TAA1CTL1.TAA1CKSO (setting of count clock (any))
e TAA1CCR1 and TAA1CCRO registers are set.

[Initial settings of slave timer (TAAO)]
e TAAOCTL1.TAAOSYE = 1 (setting of timer-tuned operation)
e TAAOCTL1.TAAOMD2 to TAAOCTL1.TAAOMDO = 101 (setting of free-running timer mode)
e TAAOOPTO.TAAOCCS1 and TAAOOPTO.TAAOCCSO = 00 (setting of capture/compare select bit to
“compare”.)
¢ TAAOCCRO and TAAOCCRT1 registers are set.

Remark The initial settings of the master timer and slave timer may be performed in any order.

[Starting counting]
<1> Set TAA1CTLO.TAA1CE of the master timer to 1.
<2> Start counting.
<3> Changing the setting of the register during operation
e The compare register can be rewritten (anytime write).

[End condition]
e Set TAA1CTLO.TAA1CE of the master timer to 0.
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Figure 6-44. Example of Timing in Free-Running Mode (Compare Function)

FFFFH

TAA1
16-bit counter

0000H

D1o

Doo /

Dio

TAA1CE

TAA1CCRO

TAA1CCRI1 X

TAAOCCRO X

TAAOCCR1

INTTAA1CCO

INTTAA1CCH1

INTTAAOCCO

INTTAAOCCH

INTTAA1OV

TAA10OVF

TOAA10

L
TAA1OVF write clear (0)

TOAA11

TOAAO00

TOAAO1

INTTAAOOV L

TAAOOVF L

RO1UH0232EJ0200 Rev.2.00
Mar 25, 2014

RENESAS

267



VB850ES/JES-E, V850ES/JG3-E CHAPTER 6 16-BIT TIMER/EVENT COUNTER AA (TAA)

(2) Settings in free-running timer mode (capture function)

[Initial settings]
Master timer: TAA1CTLO.TAA1CE = 0 (operation disabled)
Slave timer: TAAOCTLO.TAAOCE = 0 (operation disabled)

[Initial settings of master timer (TAA1)]
e TAA1CTL1.TAATMD2 to TAA1CTL1.TAATMDO = 101 (setting of free-running timer mode)
e TAATOPT0.TAA1CCS1 and TAATOPTO0.TAA1CCSO0 = 11 (setting of capture/compare select bit to “capture”.)
e TAA1CTL1.TAA1CKS2 to TAA1CTL1.TAA1CKSO (setting of count clock (any))
o TAA1IOC1.TAA11S3 to TAA1IOC1.TAA1ISO0 (specification of valid edge of capture trigger)

[Initial settings of slave timer (TAAO)]
e TAAOCTL1.TAAOSYE = 1 (setting of timer-tuned operation)
e TAAOCTL1.TAAOMD2 to TAAOCTL1.TAAOMDO = 101 (setting of free-running timer mode)
e TAAOOPTO.TAAOCCS1 and TAAOOPTO.TAAOCCSO = 11 (setting of capture/compare select bit to “capture”.)
o TAAOIOC1.TAAOIS3 to TAAOIOC1.TAAOISO (specification of valid edge of capture trigger)

Remark The initial settings of the master timer and slave timer may be performed in any order.
[Starting counting]
<1> Set TAA1CTLO.TAA1CE of the master timer to 1.

<2> Start counting.

[End condition]
e Set TAA1CTLO.TAA1CE of the master timer to 0.
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Figure 6-45. Example of Timing in Free-Running Mode (Capture Function)

FFFFH

TAA1

0000H

TAA1CE

TIAA10

TIAA11

TIAA00

TIAAO1

TAA1CCRO
TAA1CCR1
TAAOCCRO
TAAOCCR1
INTTAA1CCO
INTTAA1CCH
INTTAAOCCO
INTTAAOCCH1
INTTAA1OV

TAA1OVF

INTTAAOOV

TAAOOVF

16-bit counter

D110 Do11
Dooo Doo1
D110 D111 /
D100 Dio1
T
y |
0000 [Dioo | Dot
| | | | | | | | |
0000 / / D110 D111
| | [4 |/ | | |
0000 / Dooo Doot
| | J4 | |
0000 Doto Dot1
b
L TAA1OVF write clear (0)
L
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(3) Settings in free-running timer mode (capture/compare used together)
An example of using TAAO as a capture register and TAA1 as a compare register is shown below.

[Initial settings]
Master timer: TAA1CTLO.TAA1CE = 0 (operation disabled)
Slave timer: TAAOCTLO.TAAOCE = 0 (operation disabled)

[Initial settings of master timer (TAA1)]
e TAA1CTL1.TAATMD2 to TAA1CTL1.TAATMDO = 101 (setting of free-running timer mode)
e TAATOPTO0.TAA1CCS1 and TAATOPTO.TAA1CCSO0 = 11 (setting of capture/compare select bit to “capture”.)
o TAA1CTL1.TAA1CKS2 to TAA1CTL1.TAA1CKSO (setting of count clock (any))
o TAA1.TAAOIS3 to TAA1.TAA1ISO (specification of valid edge of capture trigger)

[Initial settings of slave timer (TAAO)]
e TAAOCTL1.TAAOSYE = 1 (setting of timer-tuned operation)
e TAAOCTL1.TAAOMD2 to TAAOCTL1.TAAOMDO = 101 (setting of free-running timer mode)
e TAAOOPTO.TAAOCCS1 and TAAOOPTO.TAAOCCSO = 00 (setting of capture/compare select bit to
“‘compare”.)
e TAAOCCRO and TAAOCCRT1 registers are set.

Remark The initial settings of the master timer and slave timer may be performed in any order.
[Starting counting]
<1> Set TAA1CTLO.TAA1CE of the master timer to 1.

<2> Start counting.

[End condition]
e Set TAA1CTLO.TAA1CE of the master timer to 0.
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Figure 6-46. Example of Timing in Free-Running Mode (Capture/Compare Used Together)

FFFFH

D1oo
Do1o / Doto

TAAT
16-bit counter o }/ - } 7

0000H

TAA1CE
TIAA10

TIAA11

TAA1CCRO 0000 Dooo

TAA1CCR1 0000 D110 D111

TAAOCCRO 0000 X Dooo

TAAOCCR1 0000 Do1o

INTTAA1CCO

INTTAA1CC1

INTTAAOCCO

INTTAAOCC1

INTTAA1OV

TAA1OVF

L
TAA1OVF write clear, (0)

TOAA00 , [

TOAAO1

INTTAAOOV L

TAAOOVF L
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6.6.2 PWM output mode (during timer-tuned operation)

This section explains the PWM output mode of timer-tuned operation. For combinations of timer-tuned operations, see
Table 6-9. This section presents an example of a timer-tuned operation with TAB1 and TAA4.

The TAB1CCRO register of the master timer (TAB1) is used as a compare register for cycle, and the TAB1CCR1,
TAB1CCR2, and TAB1CCRS registers of the master timer (TAB1) and the TAA4CCRO and TAA4CCR1 registers of the
slave timer (TAA4) are used as compare registers for duty.

The compare registers can be rewritten during operation and the rewriting method is batch writing.

Batch writing is enabled when the TAB1CCR1 register of the master timer (TAB1) is written, and all the compare
registers of the master and slave timers are rewritten or the same value is written to them when an interrupt, which is
generated if the value of the TAB1CCRO register of the master timer (TAB1) matches the value of the timer counter, is
generated.

(1) Settings in PWM output mode

[Initials setting]
Master timer: TAB1CTLO.TAB1CE = 0 (operation disabled)
Slave timer: TAA4CTLO.TAA4CE = 0 (operation disabled)

[Initial settings of master timer (TAB1)]
e TAB1CTL1.TAB1MD2 to TAB1CTL1.TAB1MDO = 100 (setting of PWM output mode)
e TAB1OPT0.TAB1CCS3 to TAB1OPTO0.TAB1CCSO = 0000 (setting of capture/compare select bit to
“compare”.)
e TAB1CCRO, TAB1CCR1, TAB1CCR2, and TAB1CCRB3 registers are set.

[Initial settings of slave timer (TAA4)]
o TAA4ACTL1.TAA4SYE = 1 (setting of timer-tuned operation)
o TAA4CTL1.TAA4MD2 to TAA4CTL1.TAA4MDO = 101 (setting of free-running timer mode)
e TAAAOPTO.TAA4CCS1 and TAA40OPTO.TAA4CCSO = 00 (setting of capture/compare select bit to
“compare”.)
e TAA4CCRO and TAA4CCRT1 registers are set.

Remark The initial settings of the master timer and slave timer may be performed in any order.

[Starting counting]
<1> Set TAB1CTLO.TAB1CE of the master timer to 1.
<2> Start counting.
<3> Changing the setting of the register during operation
e The compare register can be rewritten (batch rewrite).

[End condition]
e Set TAB1CTLO.TAB1CE of the master timer to 0.
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[Batch write]
In the PWM output mode, the next batch write is enabled by writing the TAB1CCR1 register of the master timer
(TAB1). After all the compare registers that must be rewritten have been rewritten, therefore, the TAB1CCR1
register of the master timer (TAB1) must be written.
Batch writing is executed when the value of the timer counter matches the value of the compare register for cycle
(TAB1CCRO).
If the TAB1CCR1 register of the master timer (TAB1) is not written, batch writing is not enabled even if any other
compare register is rewritten. Consequently, the value of the compare registers is not rewritten even when the
value of the timer counter matches the value of the compare register for cycle (TAB1CCRO).

Figure 6-47. Timing Example of Tuned PWM Function (TAB1, TAA4)

FFFFH

Dso / Dso /
TAB1 D~ Do _—
16-bit counter Dso, _—| Dso,__—"]|

Dzo/ Dzo/
D10/ D1o/

0000H
TAB1CE bit

TAB1CCRO register Doo

TAB1CCR1 register

TAB1CCRO register

TAB1CCR1 register

TAA4CCRO register

<P PP P
g

TAA4CCR1 register

INTTAB1CCO

match interrupt
INTTAB1CCAH _|
match interrupt
INTTAB1CC2

match interrupt
INTTAB1CC3 _|
match interrupt
INTTAA4CCO _|
match interrupt
INTTAA4CCH1

match interrupt

TOAB10 pin output |
TOAB11 pin output l_
TOAB12 pin output _,—
TOAB13 pin output |
TOAA40 pin output |
TOAAA41 pin output |
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6.7 Simultaneous-Start Function

Timer AA and timer AB have a timer-tuned operation function.

By using the simultaneous-start function, a timer operation in which the operation start timing and count up timing of the
master timer and slave timer are synchronized can be performed.

Only the PWM output mode can be used in the simultaneous-start function.

The combinations of timers that can use the simultaneous-start function are listed in Table 6-9.

Table 6-9. Timer Simultaneous-Start Function

Master Timer Slave Timer
TAA1 TAAO
TAA3 TAA2
TAB1 TAA4

Figure 6-48 shows an example where individual operation and simultaneous-start operation of TAAO (as the master
timer) and TAA1 (as the slave timer) are performed in PWM output mode.

Figure 6-48. Differences Between Individual Operation and Simultaneous-Start Operation Using TAA1 and TAAO

Individual operation Simultaneous-start operation
TAA1 TAA1 (master)
16-bit timer/counter 16-bit timer/counter
16-bit capture/compare —TOAA10 (square 16-bit capture/compare —TOAA10 (square
waveform output) waveform output)
16-bit capture/compare —TOAA11 (PWM output) 16-bit capture/compare —TOAA11 (PWM output)

J L Simultaneous-start signal

TAAO TAAO (slave)
16-bit timer/counter 16-bit timer/counter
16-bit capture/compare H—TOAAOQO0 (square 16-bit capture/compare —TOAAO00 (square
waveform output) waveform output)

16-bit capture/compare —TOAAO01 (PWM output) 16-bit capture/compare —TOAAO01 (PWM output)
If PWM operates separately with each timer, With the simultaneous-start function, PWM
the 16-bit counter starts and the PWM output output operates with the count start timing and
starts at a different timing for each timer. the count clock of both timers being synchronized.
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6.7.1 PWM output mode (simultaneous-start operation)

In this section, the operation of the simultaneous-start function is shown, where TAA1 is used as the master timer and
TAAOQ is used as the slave timer.

The master timer (TAA1) and slave timer (TAAO) start operating at the same time when the TAA1CTLO.TAAOCE bit of
master timer is set to 1. The slave timer operates by the count clock supplied from the master timer (TAA1). After the
slave timer starts operating, however, the 16-bit counter of the slave timer (TAAO) is not cleared even if the 16-bit counter
of the master timer (TAA1) is cleared to 0000H upon a match between the 16-bit counter value of the master timer (TAA1)
and the TAA1CCRO register value, because each timer operates individually.

In the same manner, if the compare register value of the master timer (TAA1) is rewritten by batch writing, the compare
register of the slave timer is not affected.

[Initial settings]
Master timer: TAA1CTLO.TAA1CE = 0 (operation disabled)
Slave timer: TAAOCTLO.TAAOCE = 0 (operation disabled)

[Initial settings of master timer (TAA1)]
e TAA1CTL1.TAATMD2 to TAA1CTL1.TAATMDO = 100 (setting of PMW output mode)
e TAA1CTL1.TAA1CKS2 to TAA1CTL1.TAA1CKSO (setting of count clock (any))
¢ TAA1CCR1, TAA1CCRO (specification of valid edge of capture trigger)
¢ TAA1IOCO (specification of valid edge of capture trigger)

[Initial settings of slave timer (TAAO)]
e TAAOCTL1.TAAOSYE = 1, TAAOSYM = 1 (simultaneous-start operation)
e TAAOCTL1.TAAOMD2 to TAAOCTL1.TAAOMDO = 100 (setting of PMW output mode)
¢ TAAOCCRO, TAA1CCR1 (specification of valid edge of capture trigger)
¢ TAAOIOCO (specification of valid edge of capture trigger)

Remark The initial settings of the master timer and slave timer may be performed in any order.

[Starting counting]
<1> Set TAA1CTLO.TAA1CE of the master timer to 1.
<2> Start counting.
<3> Changing the setting of the register during operation
e The compare register can be rewritten (anytime write).

[End condition]
e Set TAA1CTLO.TAAOCE of the master timer to 0.
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Figure 6-49. Timing Example of Simultaneous-Start Function (TAA1: Master, TAAO: Slave)

FFFFH
D11 D11

TAA1 / /
16-bit counter Dro D1o

0000H
FFFFH

TAAO B [ 1
16-bit counter Doo // Doo | / Doo /

0000H

TAA1CE bit

TAA1CCRO register D1o

TAA1CCR1 register D11

INTTAA1CCO interrupt

INTTAA1CCH interrupt

TOAA10 pin output

TOAA11 pin output

TAAOCCRO register Doo

TAAOCCR register Do

INTTAAOCCO interrupt

INTTAAOCCH interrupt

TOAAOQO pin output

TOAAO1 pin output
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6.8 Cascade Connection

This section explains an operation of connecting two channels of TAA in cascade to form a 32-bit capture timer.
For cascade connection, the free-running timer mode must be set and all the capture/compare registers must be set as
capture registers (TAAOCCSn = 1).
Combinations of TAA channels that can be connected in cascade are shown in the following table.

Table 6-10. Cascade Connection of TAA

Lower Timer (Master Timer) Higher Timer (Slave Timer)
TAA1 TAAO
TAA3 TAA2

In the following example, TAA1 is used as the lower timer (master timer) and TAAO is used as the higher timer (slave

timer) to use them as a 32-bit capture timer by cascade connection.

Figure 6-50. Cascade Connection Example

Operation enable

[Lower timer TAA1] Lower capture interrupt 1 [Higher timer TAAQ]
(INTTAA1CC1)
Capture signal 1 ) | Edge | T
(TIAA11) detection
Lower capture register 1 | Higher capture register 1
(TAA1CCR1) > (TAAOCCR1)
Count A
clock |
selection —D
r Lower timer counter FFFFH \—> Higher timer counter
detection

signal

Lower capture interrupt 0
(INTTAA1CCO)

bit (TAA1CE) \ 4 A
Lower capture register 0 o | Higher capture register 0
F (TAA1CCRO) > (TAAOCCRO)
Capture signal 0 o Edge | |
(TIAA10) detection ; v

Lower overflow interrupt
(INTTAA10OV)

Higher overflow interrupt
(INTTAAOOQV)
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The operation of each pin and signal when TAA1 and TAAO are connected in cascade is shown below.

Table 6-11. Status in Cascade Connection

Name Higher/Lower Function Operation

TIAA10 pin input Lower Capture input 0 The value of the lower timer counter is stored in the
TAA1CCRO register and the value of the higher timer
counter is stored in the TAAOCCRO register when the
valid edge of this input is detected.

TIAA11 pin input Lower Capture input 1 The value of the lower timer counter is stored in the
TAA1CCRH1 register and the value of the higher timer
counter is stored in the TAAOCCR1 register when the
valid edge of this input is detected.

INTTAA1CCRO interrupt signal Lower Capture interrupt 0 This interrupt is generated when the valid edge of the
TIAA10 pin is detected.

INTTAA1CCR1 interrupt signal Lower Capture interrupt 1 This interrupt is generated when the valid edge of the
TIAA11 pin is detected.

INTTAA1QV interrupt signal Lower Overflow interrupt This interrupt is generated when an overflow of the
lower timer counter is detected.

TIAAO0O pin input Higher Capture input 0 Does not operate.

TIAAO1 pin input Higher Capture input 1 Does not operate.

INTTAAOCCRO interrupt signal Higher Capture interrupt 0 Does not operate.

INTTAAOCCRT interrupt signal Higher Capture interrupt 1 Does not operate.

INTTAAQQV interrupt signal Higher Overflow interrupt This interrupt is generated when an overflow of the

higher timer counter is detected.
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Figure 6-51. Operation Flow in Cascade Connection of TAA1 and TAAO (1/2)

FFFFFFFFH

32-bit counter

00000000H

Operation enable bit
(TAA1CE)

TIAA10 input

Lower capture register 0
(TAA1CCRO)

Higher capture register 0
(TAAOCCRO)

Lower capture interrupt 0
(INTTAA1CCO)

TIAA11 input
Lower capture register 1
(TAA1CCR1)
Higher capture register 1
(TAAOCCR1)

Lower capture interrupt 1
(INTTAA1CC1)

Overflow interrupt
(INTTAAOOV)
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(TAAOOVF)

Doeot

Doaob

oes)
/|

Docog

Dictd Z

/|

Diett

Dogon /

0000

Don

0000H

0000

Dog

0000H

Pulse interval | Pulse interval
Docod — Doaob Doeot — Docod
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<1>
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Figure 6-51. Operation Flow in Cascade Connection of TAA1 and TAAO (2/2)

<1> Count operation start flow <2> Capture 1 read flow

(o )

INTTAAOCCRT1 generated?

Register initial setting Perform initial setting
[Lower timer: TAA1] of these registers
TAA1CTLO register before TAA1CE bit = 1. |
(TAA1CKSO to TAA1CKS2 bits), Executing instruction that clears
TAA1CTLA1 register, TAAOCCIC1.TAAOCCIF1 bit
TAA1IOCH1 register, (CLR TAAOCCIF1)

TAA110C2 register, ‘
TAA10OPTO register

[Higher timer: TAAQ] Reading TAA1CCR1 and
TAAOCTLA1 register, TAAOCCRT registers
TAAOIOCH register, (reading capture register 0)

TAAOOPTO register,
TAAOOPT1 register

TAA1CKSO to TAA1CKS2 bits
can be set as soon as counting
operation starts

(TAA1CE bit = 1).

TAAOCCIF1 =0?
TAA1CE bit=1

Calculating pulse interval
(Captured value — Previously
captured value)

<2> Capture 0 read flow

<4> Overflow flag clear flow

INTTAAOCCRO generated?

YES

Reading TAAOOPTO register
Executing instruction that clears (checking overflow flag)

TAAOCCICO. TAAOCCIFO bit
(CLR TAAOCCIFO)

Reading TAA1CCRO and
TAAOCCRO registers
(reading capture register 0)

TAAOOVF bit = 1

Executing instruction that clears
TAAOOVF bit (CLR TAAOOVF)

TAA1CCIFO = 0?

Calculating pulse interval
(Captured value — Previously
captured value)

<5> Count operation stop flow

Counter is initialized by
TAA1CE bit=0 stopping counting operation

(TAA1CE bit = 0).
C sToP )
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Figure 6-52. Example of Basic Timing When TAA1 and TAAO Are Connected in Cascade

FFFFFFFFH Diat”] Doss / /
32-bit counter Doaoo / Drcto |/ Dogon Do/

Do% /Z D1 27

00000000H % %

Operation enable bit
(TAA1CE)

TIAA10 input

Lower capture register 0

(TAA1CCRO) 0000 Dob Dod Dot Don Doj

Higher capture register 0
(TAAOCCRO)

Lower capture interrupt O
(INTTAA1CCO)

Pulse interval | Pulse interval | Pulse interval | Pulse interval
Docod — Doaob Doeof — Docod Dogon — Docod Doioj — Dogon

TIAA11 input |_ |_ |_ |_

Lower Capt&f ﬁ%'sctgﬂ) 0000 Do Did D Din

0000 Doa Doc Doe Dog Doi

Higher capt ister 1
'gher Cap(#f;g%s‘cgﬂ 0000 Dia Die Do Dig

Capture interrupt 1 _| _| _| _|
(INTTAA1CCH1)

Pulse interval Pulse interval Pulse interval

Dictd — D1atb Dietf — Dicid D1gih — D1ctd

Overflow interrupt _| _| _|
(INTTAAOOV)

Overflow fag 7| 7| _rl

Cleared to 0 by Cleared to 0 by Cleared to 0 by
CLR instruction CLR instruction CLR instruction

The counting operation is started when the TAA1CTL.TAA1CE bit is set to 1 and the count clock is supplied.
When the valid edge input to the TIAA10 pin is detected, the count value is stored in the capture register O
(TAA1CCRO and TAAOCCRO), and capture interrupt 0 signal (INTTAA1CCO) is issued.

The timer counter continues the counting operation in synchronization with the count clock. When it counts
up to FFFFFFFFH, the overflow interrupt (INTTAAOOV) is generated at the next clock and the overflow flag
(TAAOOVF) is set to 1. The timer counter is cleared to 00000000H and continues counting up.

The overflow flag (TAAOOVF) is cleared by an instruction issued from the CPU that writes “0” to it.

Because the free-running timer mode is set, the timer counter cannot be cleared by detection of the valid
edge input to the TIAA10 pin.

Using TOAA10 output is prohibited because it alternately functions as the TIAA10 input.

Capture register 1 (TAA1CCR1 and TAAOCCR1) also operates in the same manner.

If the lower timer counter (TAA1) overflows, an overflow interrupt (TAA1OVF) is generated. However, it is
recommended to mask this interrupt because it cannot be used as an overflow interrupt of the 32-bit counter.
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6.9 Selector Function

In the V850ES/JE3-E and V850ES/JG3-E, the alternate-function pins of ports or peripheral I/0O (TAA1, TAAO, UARTCO,
UARTC1 or CANO) signals can be selected as the capture trigger input of TAA1 and TAAO.

If the signal input from the UARTCn pin is selected by the selector function when RXDCn is used, baud rate errors of
the LIN reception transfer rate of UARTCn can be calculated (n =0, 1).

(1) Selector operation control register 0 (SELCNTO)
The SELCNTO register is an 8-bit register that selects the capture trigger for CANO, TAAO, and TAAT.
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: FFFFF308H

<7> 6 5 4 3 2 1 0
seteNto [ o | o | o fisELavet] isELa | o | o |isELoNers
ISEL4Note Selection of TIAA11 capture trigger input signal
0 TIAA11 (alternately functions as P35) pin
1 RXDCH1 (alternately functions as P91) pin
ISEL3 Selection of TIAA10 capture trigger input signal
0 TIAA10 (alternately functions as P34) pin
1 RXDCO (alternately functions as P31) pin
ISELQNete 3 Selection of TIAAOO capture trigger input signal
0 TIAAQO (alternately functions as P30) pin
1 CANO TSOUT signal

Notes 1. V850ES/JG3-E only
2. PD70F3829 and 70F3837 only

Cautions 1. To set the ISEL4, ISEL3, and ISELO bits to 1, set the corresponding function pin to
the capture input mode.
2. Set the ISEL4, ISEL3, and ISELO bits when the operation of TAA1, TAAO, and
UARTCO, UARTC1, and CANO are stopped.
3. Be sure to set bits 7t0 5,2, and 1 to “0”.
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6.10 Cautions

(1) Capture operation
When the capture operation is used and a slow clock is selected as the count clock, FFFFH, not 0000H, may be
captured in the TAANCCRO and TAAnNCCRH1 registers if the capture trigger is input immediately after the TAAnCE bit
issetto 1.

(a) Free-running timer mode

FFFFH

16-bit counter 5

0000H

7
/
Count clock
Sampling clock (fxx) Hm"ﬂm "ﬂ”ﬂﬂm m,m‘ﬁ,m Hm"””ﬂ IHHHHHH Hmﬂ””"ﬂ
TAANCCRO register  0000H X FFFFH X 0001H
TAANCE bit J
TIAANO 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) "ﬂ”ﬂﬂm m_"_"””ﬂ "””"_"m "."””"ﬂ Hmﬂ””"-"—

TAANCCRO register  0000H X FFFFH X 0002H

TAANCE bit J i 5
TIAANO pin input | | | |

A A
Capture Capture
trigger input trigger input
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER AB (TAB)
Timer AB (TAB) is a 16-bit timer/event counter.
The V850ES/JE3-E and V850ES/JG3-E have TAB1.
7.1 Overview
An outline of TAB1 is shown below.
e Clock selection: 8 ways

Capturef/trigger input pins: 4
o External event count input pins: 1

External trigger input pins: 1
e Timer counters: 1
o Capture/compare registers: 4

Capture/compare match interrupt request signals: 4
e Timer output pins: 4

7.2 Functions

TAB1 has the following functions.

¢ Interval timer

¢ External event counter

o External trigger pulse output

e One-shot pulse output

o PWM output

e Free-running timer

¢ Pulse width measurement

¢ Triangular wave PWM output
e Timer-tuned operation function
¢ Simultaneous-start function

RO1UH0232EJ0200 Rev.2.00 284
Mar 25, 2014 RENESAS



VB850ES/JES-E, V850ES/JG3-E CHAPTER 7 16-BIT TIMER/EVENT COUNTER AB (TAB)

7.3 Configuration
TAB1 includes the following hardware.

Table 7-1. Configuration of TAB1

ltem Configuration

Registers 16-bit counter

TAB1 capture/compare registers 0 to 3 (TAB1CCRO to TAB1CCRS3)
TAB1 counter read buffer register (TAB1CNT)

CCRO to CCRS buffer registers

TAB1 control registers 0, 1 (TAB1CTLO, TAB1CTL1)

TAB1 1/O control registers 0 to 2 (TAB110CO to TAB110C2, TAB110C4)
TAB1 option register 0 (TAB1OPTO)

Timer inputs™™® 4 (TIAB10 to TIAB13 pins), EVTAB1, TRGAB1
Timer outputs™™® 4 (TOAB10 to TOAB13 pins)

Note When using the functions of the TIAB10 to TIAB13 and TOAB10 to TOAB13 pins, see Table 4-14 Using
Port Pin as Alternate-Function Pin.

Figure 7-1. Block Diagram of TAB1

o § Internal bus \
Y J— ﬁ
fxx/4 ~ ——» 5
b8  —= o TAB1CNT
fxx/[16 —=|
P32 —w D ﬁ
fxx/64 —=
fxx/128 —| g 16-bit counter INTTAB10OV
3 {} | | Clear
— $ v - HOTOAB10
{} ¥ 52HQTOAB1H
CCRO ﬁ o8 5 £ 51QTO0AB12
buffer X 6 gOTOAB13
register CCR1
buffer
o- L Lol | | e L Immsicor
N . buffer —
TIAB10%" 5 TAB1CCRO Y register COR3 == INTTAB1CC2
O -5 AN buffer —» INTTAB1CC3
TIAB11 § TAB1/§CR1 ﬁ \/Z | register
TIAB120~ o -| TAB1CCR2 IR
©
TIAB13Nete 2=t LU AN TAB1CCR3
N\
AV AV4 AV4 AV4
S Internal bus S
Remar fxx: Main clock frequency
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M

)

3

(4)

(®)

6)

16-bit counter

This 16-bit counter can count internal clocks or external events.

The count value of this counter can be read by using the TAB1CNT register.

When the TAB1CTLO.TAB1CE bit = 0, the value of the 16-bit counter is FFFFH. If the TAB1CNT register is read at
this time, 0000H is read.

Reset sets the TAB1CE bit to 0. Therefore, the 16-bit counter is set to FFFFH.

CCRO buffer register

This is a 16-bit compare register that compares the count value of the 16-bit counter.

When the TAB1CCRO register is used as a compare register, the value written to the TAB1CCRO register is
transferred to the CCRO buffer register. When the count value of the 16-bit counter matches the value of the CCRO
buffer register, a compare match interrupt request signal (INTTAB1CCO) is generated.

The CCRO buffer register cannot be read or written directly.

The CCRO buffer register is cleared to 0000H after reset, as the TAB1CCRO register is cleared to 0000H.

CCR1 buffer register

This is a 16-bit compare register that compares the count value of the 16-bit counter.

When the TAB1CCR1 register is used as a compare register, the value written to the TAB1CCR1 register is
transferred to the CCR1 buffer register. When the count value of the 16-bit counter matches the value of the CCR1
buffer register, a compare match interrupt request signal (INTTAB1CC1) is generated.

The CCR1 buffer register cannot be read or written directly.

The CCR1 buffer register is cleared to 0000H after reset, as the TAB1CCR1 register is cleared to 0000H.

CCR2 buffer register

This is a 16-bit compare register that compares the count value of the 16-bit counter.

When the TAB1CCR2 register is used as a compare register, the value written to the TAB1CCR2 register is
transferred to the CCR2 buffer register. When the count value of the 16-bit counter matches the value of the CCR2
buffer register, a compare match interrupt request signal (INTTAB1CC2) is generated.

The CCR2 buffer register cannot be read or written directly.

The CCR2 buffer register is cleared to 0000H after reset, as the TAB1CCR2 register is cleared to 0000H.

CCRS3 buffer register

This is a 16-bit compare register that compares the count value of the 16-bit counter.

When the TAB1CCRS3 register is used as a compare register, the value written to the TAB1CCR3 register is
transferred to the CCRS3 buffer register. When the count value of the 16-bit counter matches the value of the CCR3
buffer register, a compare match interrupt request signal (INTTAB1CC3) is generated.

The CCRS3 buffer register cannot be read or written directly.

The CCRS3 buffer register is cleared to 0000H after reset, as the TAB1CCR3 register is cleared to 0000H.

Edge detector
This circuit detects the valid edges input to the TIAB10 to TIAB13 pins. No edge, rising edge, falling edge, or both
the rising and falling edges can be selected as the valid edge by using the TAB110C1 and TAB110C2 registers.
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(7) Output controller
This circuit controls the output of the TOAB10 to TOAB13 pins. The output controller is controlled by the TAB110C0O
register.

(8) Selector
This selector selects the count clock for the 16-bit counter. Eight types of internal clocks or an external event can
be selected as the count clock.

7.3.1  Pin configuration
The timer inputs and outputs that configure TAB1 are shared with the following ports. The port functions must be set

when using each pin (see Table 4-14 Using Port Pin as Alternate-Function Pin).

Table 7-2 TAB1 Pin Configuration

Pin Number Port Timer AB1 Timer AB1 Other Alternate Function
JE3E JG3E Input Output

- 73 P91 TIAB10 TOAB10 TOAB1B1/KR1

- 72 P90 | TIAB11 TOAB11 TOAB1T1/KRO/INTP12

- 74 P92 | TIAB12 TOAB12 TOAB1T2/KR2/INTP13

- 76 P94 | TIAB13 TOAB13 TOAB1T3/KR4/INTP15

- 77 P95 EVTAB1 - TOAB1B3/KR5/INTP16
(External event)

- 75 P93 | TRGABH1 - TOAB1B2/KR3/INTP14
(External trigger)

Remark JE3E: V850ES/JE3-E
JG3E: VB850ES/JG3-E
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7.3.2 Register configuration
The register and bit configurations of the V850ES/JE3-E and V850ES/JG3-E differ depending on the products.
Register configurations of each product are shown below.

(1) V850ES/JE3-E

Channel Register Bit Position
Name

7 6 5 4 3 2 1 0

TAB1 TAB1CTLO TAB1CE 0 0 0 0 TAB1CKS2 | TAB1CKS1 | TAB1CKSO0
TAB1CTL1 0 0 0 0 0 TAB1MD2 | TAB1MD1 | TAB1MDO
TAB1CCRO
TAB1CCR1
TAB1CCR2
TAB1CCRS3
TAB1CNT

(2) V850ES/JG3-E

Channel Register Bit Position
Name
7 6 5 4 3 2 1 0
TAB1 TAB1CTLO TAB1CE 0 0 0 0 TAB1CKS2 | TAB1CKS1 | TAB1CKSO0
TAB1CTL1 0 TAB1EST | TAB1EEE 0 0 TAB1MD2 | TAB1MD1 | TAB1MDO

TAB110CO | TAB1OL3 | TAB1OE3 | TAB10OL2 | TAB1OE2 | TAB1OL1 | TAB1OE1 | TAB10OLO | TAB1OEO
TAB110C1 TAB11S7 | TAB1I1S6 | TAB1IS5 | TAB1IS4 | TAB1IS3 | TAB1IS2 | TAB1IS1 | TAB1ISO
TAB110C2 0 0 0 0 TAB1EES1 | TAB1EESO | TAB1ETS1 | TAB1ETSO
TAB110C4 | TAB10S3 | TAB1OR3 | TAB10S2 | TAB1OR2 | TAB10S1 | TAB1OR1 | TAB10S0 | TAB1ORO
TAB1OPTO [TAB1CCS3|TAB1CCS2|TAB1CCS1|TAB1CCS0 0 TAB1CMS | TAB1CUF | TAB1OVF
TAB1CCRO
TAB1CCR1
TAB1CCR2
TAB1CCR3
TAB1CNT
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7.4 Registers
The registers that control TAB1 are as follows.

e TAB1 control register 0 (TAB1CTLO)

e TAB1 control register 1 (TAB1CTL1)

e TAB1 I/O control register 0 (TAB110CO0)

e TAB1 I/O control register 1 (TAB110C1)

e TAB1 I/O control register 2 (TAB110C2)

e TAB1 I/O control register 4 (TAB110C4)

¢ TAB1 option register 0 (TAB1OPTO)

e TAB1 capture/compare register 0 (TAB1CCRO)
e TAB1 capture/compare register 1 (TAB1CCR1)
e TAB1 capture/compare register 2 (TAB1CCR2)
e TAB1 capture/compare register 3 (TAB1CCR3)
e TAB1 counter read buffer register (TAB1CNT)

Remark When using the functions of the TIAB10 to TIAB13 and TOAB10 to TOAB13 pins, see Table 4-14 Using Port
Pin as Alternate-Function Pin.
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(1) TAB1 control register 0 (TAB1CTLO)
The TAB1CTLO register is an 8-bit register that controls the operation of TAB1.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.
Software can be used to always write the same value to the TAB1CTLO register.

After reset: O0H

<7>

R/W Address:

FFFFF560H

3 2 1 0

TABICTLO | TABYCE|

o | o |

0  [TABICKS2[TABICKS1/TAB1CKS|

TAB1CE

TAB1 operation control

0

TAB1 operation disabled (TAB1 reset asynchronously’

Note)

1

TAB1 operation enabled. TAB1 operation started.

TAB1CKS2 TAB1CKS1|TAB1CKSQ 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

Remark

Note TAB10OPTO0.TAB1OVF bit, 16-bit counter, timer output (TOAB10 to TOAB13 pins)

Cautions 1. Set the TAB1CKS2 to TAB1CKSO0 bits when the TAB1CE bit = 0.
When the value of the TAB1CE bit is changed from 0 to 1, the

TAB1CKS2 to TAB1CKSO bits can be set simultaneously.
2. Be sure to set bits 3 to 6 to “0”.

fxx: Main clock frequency
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(2) TAB1 control register 1 (TAB1CTL1)
The TAB1CTL1 register is an 8-bit register that controls the operation of TAB1.

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: FFFFF561H

7 6 5 4 3 2 1 0
TABICTL1 [ o |TABIEST|TABIEEE| 0 | 0 |7AB1MD2|TABIMD1 | TABIMDO|
TAB1EST 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 TAB1EST bit as the trigger.

» In external trigger pulse output mode: A PWM waveform is output with
writing 1 to the TAB1EST bit as
the trigger.

TAB1EEE Count clock selection
0 Disable operation with external event count input.
(Perform counting with the count clock selected by the
TAB1CTLO.TAB1CKO to TAB1CK2 bits.)
1 Enable operation with external event count input.

(Perform counting at the valid edge of the external event count input

signal.)

The TAB1EEE bit selects whether counting is performed with the internal count
clock or the valid edge of the external event count input.

TAB1MD2| TAB1MD1| TAB1MDO 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 Triangular wave PWM mode

Cautions 1.

N

The TAB1EST 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.

Be sure to set bits 3, 4, and 7 to “0”.

External event count input is selected in the external event count mode
regardless of the value of the TAB1EEE bit.

Set the TAB1EEE and TAB1MD2 to TAB1MDO bits when the
TAB1CTLO.TAB1CE bit = 0. (The same value can be written when the
TAB1CE bit = 1.) The operation is not guaranteed when rewriting is
performed with the TAB1CE bit = 1. If rewriting was mistakenly
performed, clear the TAB1CE bit to 0 and then set the bits again.
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(3) TAB1 I/O control register 0 (TAB110C0)
The TAB110CO register is an 8-bit register that controls the timer output (TOAB10 to TOAB13 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: FFFFF562H

7 <6> 5 <4> 3 <2> 1 <0>
TAB1IOCO | TAB1OL3 | TAB1OES | TAB10L2| TAB1OE2 | TABIOL1 | TAB1OE1 | TAB1OLO | TAB10EQ|

TAB10Lm TOAB1m pin output level setting (m = 0 to 3)N°t
0 TOAB1m pin high level start
1 TOAB1m pin low level start

TAB1OEm TOAB1m pin output setting (m = 0 to 3)

0 Timer output disabled
e When TAB10Lm bit = 0: Low level is output from the TOAB1m pin
e When TAB10Lm bit = 1: High level is output from the TOAB1m pin

1 Timer output enabled (a square wave is output from the TOAB1m pin).

Note The output level of the timer output pin (TOAB1m) specified by the
TAB10OLm bit is shown below.

« When TAB10Lm bit = 0 « When TAB10OLm bit = 1
16-bit counter I /I 16-bit counter I /I
TABICE bit _ [ TAB1CEbit _ |
TOAB1m output pin __[_ TOAB1m output pin —_[—

Cautions 1. Rewrite the TAB10OLm and TAB1OEm bits when the
TAB1CTLO.TAB1CE bit = 0. (The same value can be written
when the TAB1CE bit = 1.) If rewriting was mistakenly
performed, clear the TAB1CE bit to 0 and then set the bits
again.

2. Even if the TAB1OLm bit is manipulated when the TAB1CE
and TAB10OEm bits are 0, the TOAB1m pin output level varies.

Remark m=0t03
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(4) TAB1 I/O control register 1 (TAB110C1)
The TAB11OCH1 register is an 8-bit register that controls the valid edge of the capture trigger input signals (TIAB10

to TIAB13 pins).

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

Reset sets this register to 00H.

7

After reset: 00H R/W Address: FFFFF563H

6 5 4 3 2 1 0

TAB1I0C1 | TAB1IS7 | TAB1IS6| TAB1IS5| TAB1IS4| TAB1IS3| TAB1IS2 | TAB1IS1 | TAB1ISO |

TAB1IS7| TAB11S6| Capture trigger input signal (TIAB13 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

TAB1IS5| TAB11S4 | Capture trigger input signal (TIAB12 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

TAB1IS3| TAB1IS2 | Capture trigger input signal (TIAB11 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

TAB1IS1| TAB1ISO | Capture trigger input signal (TIAB10 pin) valid edge setting

0

0 No edge detection (capture operation invalid)

1 Detection of rising edge

0 Detection of falling edge

1 Detection of both edges

Cautions 1. Rewrite the TAB1IS7 to TAB1ISO bits when the

TAB1CTLO.TAB1CE bit = 0. (The same value can be
written when the TAB1CE bit = 1.) If rewriting was
mistakenly performed, clear the TAB1CE bit to 0 and then
set the bits again.

. The TAB1IS7 to TAB1IS0 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) TAB1 I/O control register 2 (TAB110C2)
The TAB11OC2 register is an 8-bit register that controls the valid edge of the external event count input signal
(EVTAB1 pin) and external trigger input signal (TRGAB1 pin).
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: FFFFF564H

4 3 2 1 0

TAB1IOC2 [ 0 |

0 | o | o |TABIEESITABIEESO[TABIETS1|TABIETSO|

TAB1EES1/TAB1EESO| External event count input signal (EVTAB1 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

TAB1ETS1| TAB1ETSO External trigger input signal (TRGAB1 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 TAB1EES1, TAB1EESO, TAB1ETS1, and

TAB1ETSO bits when the TAB1CTL0.TAB1CE bit = 0. (The
same value can be written when the TAB1CE bit = 1.) If
rewriting was mistakenly performed, clear the TAB1CE bit
to 0 and then set the bits again.

. The TAB1EES1 and TAB1EESO bits are valid only when

the TAB1CTL1.TAB1EEE bit = 1 or when the external
event count mode (TAB1CTL1.TAB1MD2 to
TAB1CTL1.TAB1MDO bits = 001) has been set.

. The TAB1ETS1 and TAB1ETSO bits are valid only when

the external trigger pulse output mode
(TAB1CTL1.TAB1MD2 to TAB1CTL1.TAB1MDO bits = 010)
or the one-shot pulse output mode (TAB1CTL1.TAB1MD2
to TAB1CTL1.TAB1MDO = 011) is set.
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(6) TAB1 I/O control register 4 (TAB110C4)
The TAB110C4 register is an 8-bit register that controls the timer output.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H. This register is not reset by stopping the timer operation (TAB1CTL0.TAB1CE = 0).

Cautions 1. Accessing the TAB110C4 register is prohibited in the following statuses. For details, see 3.4.9
(2) Accessing specific on-chip peripheral I/O registers.
¢ When the CPU operates on the subclock and the main clock oscillation is stopped
o When the CPU operates on the internal oscillation clock

2. The TAB1l0C4 register can be set only in the interval timer mode and free-running timer mode.

Be sure to set the TAB110C4 register to 00H in all other modes (for details of the mode setting,
see 8.4 (2) TAB1 control register 1 (TAB1CTL1)). Even in free-running timer mode, if the
TAB1CCRO to TAB1CCR3 registers are set to the capture function, the setting of the TAB110C4
register becomes invalid.

After reset: 00H R/W Address: FFFFF570H

7 6 5 4 3 2 1 0
TAB1I0C4 | TABIS3 | TABIORS | TAB1OS2| TAB10R2| TAB10S1|TABIOR1 | TAB10SO | TAB1ORO|

TAB10Sm|TAB1ORm Toggle control of TOAB1m pin (m =0 to 3)
0 0 No request. Normal toggle operation.
0 1 Reset request

Fix to inactive level upon next match between value of 16-bit

counter and value of TAB1CCRm register.

1 0 Set request
Fix to active level upon next match between value of 16-bit

counter and value of TAB1CCRm register.

1 1 Keep request

Keep the current output level.
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(7) TAB1 option register 0 (TAB1OPTO0)
The TAB1OPTO register is an 8-bit register used to set the capture/compare operation and detect 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: FFFFF565H

7 6 5 4 3 2 1 <0>
TAB1OPTO| TABICCS3 ‘TAB1CC82‘TAB1CCS1‘TAB1CCSO‘ 0 ‘TAB1CMS"°‘G TAB1CUF‘TAB1OVF|

TAB1CCSm TAB1CCRm register capture/compare selection
0 Compare register selected
1 Capture register selected

The TAB1CCSm bit setting is valid only in the free-running timer mode.

TAB10OVF TAB1 overflow detection
0 TAB1OVF bit 0 written or TAB1CTLO.TAB1CE bit =0
1 Overflow occurred

* The TAB1OVF bit is set to 1 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 (INTTAB10V) is generated at the same time that the
TAB1OVF bit is setto 1. The INTTAB10V signal is not generated in modes other
than the free-running timer mode and the pulse width measurement mode.

* The TAB1OVF bit is not cleared even when the TAB1OVF bit or the TAB1OPTO
register are read when the TAB1OVF bit = 1.

* The TAB1OVF bit can be both read and written, but the TAB1OVF bit cannot be
set to 1 by software. Writing 1 has no effect on the operation of TAB1.

Note The TAB1CMS bit is used for the motor control function. For details,
see CHAPTER 10 MOTOR CONTROL FUNCTION.

Cautions 1. Rewrite the TAB1CCS3 to TAB1CCSO0 bits when the
TAB1CTLO.TAB1CE bit = 0. (The same value can be
written when the TAB1CE bit = 1.) If rewriting was
mistakenly performed, clear the TAB1CE bit to 0 and then
set the bits again.

2. Be sure to set bit 3 to “0”. When the motor control
function is not used, be sure to also set bit 2 to “0”.

Remark m=0t03
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(8) TAB1 capture/compare register 0 (TAB1CCRO)
The TAB1CCRO register can be used as a capture register or a compare register depending on the mode.
This register can be used as a capture register or a compare register only in the free-running timer mode,
according to the setting of the TAB1OPT0.TAB1CCSO bit. In the pulse width measurement mode, the TAB1CCRO
register can be used only as a capture register. In any other mode, this register can be used only as a compare
register.
The TAB1CCRO 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 TAB1CCRO register is prohibited in the following statuses. For details, see 3.4.9
(2) Accessing specific on-chip peripheral I/O registers.
e When the CPU operates on the subclock and the main clock oscillation is stopped
e When the CPU operates on the internal oscillation clock

After reset: 0000H R/W Address: FFFFF566H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mecero | | [ | [ [ L [ L [T T
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(a) Function as compare register

The TAB1CCRO register can be rewritten even when the TAB1CTL0.TAB1CE bit = 1.

The set value of the TAB1CCRO 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
(INTTAB1CCO) is generated. If TOAB10 pin output is enabled at this time, the output of the TOAB10 pin is
inverted.

When the TAB1CCRO 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, PWM output mode, or triangular wave PWM
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 TAB1CCRO 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 TAB1CCRO register if the valid edge of the capture trigger input pin (TIAB10
pin) is detected. In the pulse width measurement mode, the count value of the 16-bit counter is stored in the
TAB1CCRO register and the 16-bit counter is cleared (0000H) if the valid edge of the capture trigger input pin
(TIAB10 pin) is detected.

Even if the capture operation and reading the TAB1CCRO register conflict, the correct value of the TAB1CCRO
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 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 -
Triangular wave PWM mode Compare register Batch write
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(9) TAB1 capture/compare register 1 (TAB1CCR1)
The TAB1CCR1 register can be used as a capture register or a compare register depending on the mode.
This register can be used as a capture register or a compare register only in the free-running timer mode,
according to the setting of the TAB1OPT0.TAB1CCS1 bit. In the pulse width measurement mode, the TAB1CCR1
register can be used only as a capture register. In any other mode, this register can be used only as a compare
register.
The TAB1CCR1 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 TAB1CCR1 register is prohibited in the following statuses. For details, see 3.4.9
(2) Accessing specific on-chip peripheral I/O registers.
e When the CPU operates on the subclock and the main clock oscillation is stopped
e When the CPU operates on the internal oscillation clock

After reset: 0000H R/W Address: FFFFF568H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mecont | [ | | [ L L [ T [ T[T T
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(a) Function as compare register
The TAB1CCR1 register can be rewritten even when the TAB1CTL0.TAB1CE bit = 1.
The set value of the TAB1CCR1 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
(INTTAB1CC1) is generated. If TOAB11 pin output is enabled at this time, the output of the TOAB11 pin is
inverted.

(b) Function as capture register

When the TAB1CCR1 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 TAB1CCR1 register if the valid edge of the capture trigger input pin (TIAB11
pin) is detected. In the pulse width measurement mode, the count value of the 16-bit counter is stored in the
TAB1CCR1 register and the 16-bit counter is cleared (0000H) if the valid edge of the capture trigger input pin
(TIAB11 pin) is detected.

Even if the capture operation and reading the TAB1CCR1 register conflict, the correct value of the TAB1CCR1
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 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 -
Triangular wave PWM mode Compare register Batch write
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(10) TAB1 capture/compare register 2 (TAB1CCR2)
The TAB1CCR2 register can be used as a capture register or a compare register depending on the mode.
This register can be used as a capture register or a compare register only in the free-running timer mode,
according to the setting of the TAB1OPT0.TAB1CCS2 bit. In the pulse width measurement mode, the TAB1CCR2
register can be used only as a capture register. In any other mode, this register can be used only as a compare
register.
The TAB1CCR2 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 TAB1CCR2 register is prohibited in the following statuses. For details, see 3.4.9
(2) Accessing specific on-chip peripheral I/0O registers.
o When the CPU operates with the subclock and the main clock oscillation is stopped
e When the CPU operates with the internal oscillation clock

After reset: 0000H R/W Address: FFFFF56AH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
et I A O N B B B
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(a) Function as compare register
The TAB1CCR2 register can be rewritten even when the TAB1CTL0.TAB1CE bit = 1.
The set value of the TAB1CCR2 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

(INTTAB1CC2) is generated. If TOAB12 pin output is enabled at this time, the output of the TOAB12 pin is
inverted.

(b) Function as capture register

When the TAB1CCR2 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 TAB1CCR2 register if the valid edge of the capture trigger input pin (TIAB12
pin) is detected. In the pulse width measurement mode, the count value of the 16-bit counter is stored in the
TAB1CCR2 register and the 16-bit counter is cleared (0000H) if the valid edge of the capture trigger input pin
(TIAB12 pin) is detected.

Even if the capture operation and reading the TAB1CCR2 register conflict, the correct value of the TAB1CCR2
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 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 -
Triangular wave PWM mode Compare register Batch write
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(11) TAB1 capture/compare register 3 (TAB1CCR3)
The TAB1CCRS3 register can be used as a capture register or a compare register depending on the mode.
This register can be used as a capture register or a compare register only in the free-running timer mode,
according to the setting of the TAB1OPT0.TAB1CCS3 bit. In the pulse width measurement mode, the TAB1CCR3
register can be used only as a capture register. In any other mode, this register can be used only as a compare
register.
The TAB1CCRS3 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 TAB1CCRS register is prohibited in the following statuses. For details, see 3.4.9
(2) Accessing specific on-chip peripheral I/0O registers.
e When the CPU operates with the subclock and the main clock oscillation is stopped
e When the CPU operates with the internal oscillation clock

After reset: 0000H R/W Address: FFFFF56CH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mecers | | [ | [ [ L [ L L[]
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(a) Function as compare register
The TAB1CCRS3 register can be rewritten even when the TAB1CTL0.TAB1CE bit = 1.
The set value of the TAB1CCRS register is transferred to the CCRS3 buffer register. When the value of the 16-
bit counter matches the value of the CCR3 buffer register, a compare match interrupt request signal
(INTTAB1CC3) is generated. If TOAB13 pin output is enabled at this time, the output of the TOAB13 pin is
inverted.

(b) Function as capture register

When the TAB1CCRB3 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 TAB1CCRBS register if the valid edge of the capture trigger input pin (TIAB13
pin) is detected. In the pulse width measurement mode, the count value of the 16-bit counter is stored in the
TAB1CCRS3 register and the 16-bit counter is cleared (0000H) if the valid edge of the capture trigger input pin
(TIAB13 pin) is detected.

Even if the capture operation and reading the TAB1CCRS register conflict, the correct value of the TAB1CCR3
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 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 -
Triangular wave PWM mode Compare register Batch write
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(12) TAB1 counter read buffer register (TAB1CNT)
The TAB1CNT register is a read buffer register that can read the count value of the 16-bit counter.
If this register is read when the TAB1CTLO.TAB1CE 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 TAB1CNT register is cleared to 0000H when the TAB1CE bit = 0. If the TAB1CNT register is read
at this time, the value of the 16-bit counter (FFFFH) is not read, but 0000H is read.
The value of the TAB1CNT register is cleared to 0000H after reset, as the TAB1CE bit is cleared to 0.

Caution Accessing the TAB1CNT register is prohibited in the following statuses. For details, see 3.4.9 (2)

Accessing specific on-chip peripheral I/O registers.
o When the CPU operates with the subclock and the main clock oscillation is stopped
o When the CPU operates with the internal oscillation clock

meont | | [ [ [ PP

After reset: 0000H R Address: FFFFF56EH

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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7.5 Operation

The modes realized by the V850ES/JE3-E and V850ES/JG3-E, differ depending on the products. The following table
shows the executable operation modes of each product

Table 7-7. Executable Modes of Each Product

Operation Mode V850ES/JE3-E V850ES/JG3-E
Interval timer mode Partly enable"" Enable
External event count mode Disable Enable
External trigger pulse output mode Disable Enable
One-shot pulse output mode Disable Enable
PWM output mode Disable Enable
Free-running timer mode Disable Enable
Pulse width measurement mode Disable Enable
Triangular wave PWM mode Disable Enable

Note

cannot be applied.

TAB1 can perform the following operations.

Since TIAB10, TOAB10, TIAB11, TOAB11, TIAB12, TOAB12, TIAB13 and TOAB13 do not exist, the
same using method as TIAB10, TOAB10, TIAB11, TOAB11, TIAB12, TOAB12, TIAB13 and TOAB13

Operation

TAB1CTL1.TAB1EST Bit
(Software Trigger Bit)

TIAB10 Pin

(External Trigger Input)

Capture/Compare
Register Setting

Compare Register

Write

Interval timer mode Invalid Invalid Compare only Anytime write
External event count mode Invalid Invalid Compare only Anytime write
External trigger pulse output mode Valid Valid Compare only Batch write
One-shot pulse output mode Valid Valid Compare only Anytime write
PWM output mode Invalid Invalid Compare only Batch write
Free-running timer mode Invalid Invalid Switching enabled | Anytime write
Pulse width measurement mode Invalid Invalid Capture only Not applicable
Triangular wave PWM mode Invalid Invalid Compare only Batch write
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7.5.1 Interval timer mode (TAB1MD2 to TAB1MDO bits = 000)

In the interval timer mode, an interrupt request signal (INTTAB1CCO) is generated at the specified interval if the
TAB1CTLO.TAB1CE bit is set to 1. A square wave whose half cycle is equal to the interval can be output from the TOAB10
pin.

Usually, the TAB1CCR1 to TAB1CCRS registers are not used in the interval timer mode.

Figure 7-2. Configuration of Interval Timer

Clear
Count clock . Output .
selection J— 16-bit counter controller © TOAB10 pin
Match si |
% a’ch signa INTTAB1CCO signal
TAB1CE bit CCRO buffer register

i

TAB1CCRO register

Figure 7-3. Basic Timing of Operation in Interval Timer Mode

FFFFH

Do Do Do Do

16-bit counter

0000H

TAB1CE bit

TAB1CCRO register Do

=1

TOAB10 pin output

INTTAB1CCO signal —| —| —| —|

Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1)
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When the TAB1CE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0000H in synchronization
with the count clock, and the counter starts counting. At this time, the output of the TOAB10 pin is inverted. Additionally,
the set value of the TAB1CCRO register is transferred to the CCRO buffer register.

When the count value of the 16-bit counter matches the value of the CCRO buffer register, the 16-bit counter is cleared
to 0000H, the output of the TOAB10 pin is inverted, and a compare match interrupt request signal (INTTAB1CCO) is
generated.

The interval can be calculated by the following expression.

Interval = (Set value of TAB1CCRO register + 1) x Count clock cycle

Figure 7-4. Register Setting for Interval Timer Mode Operation (1/2)

(a) TAB1 control register 0 (TAB1CTLO)

TAB1CE TAB1CKS2 TAB1CKS1 TAB1CKSO
TAB1CTLO| 01 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

Select count clock

0: Stop counting
1: Enable counting

(b) TAB1 control register 1 (TAB1CTL1)

TAB1SYE TAB1EST TAB1EEE TAB1MD2TAB1MD1 TAB1MDO
o | o o o o]

TAB1CTL1| 0 ‘ 0 ‘0/1Nme

0,0,0:
Interval timer mode

0: Operate on count
clock selected by bits
TAB1CKSO0 to TAB1CKS2
1: Count with external
event count input signal

Note This bit can be set to 1 only when the interrupt request signals (INTTAB1CCO and INTTAB1CCk) are
masked by the interrupt mask flags (TAB1CCMKO to TAB1CCMKKk) and the timer output (TOAB1kK) is
performed at the same time. However, the TAB1CCRO and TAB1CCRKk registers must be set to the same
value (see 7.5.1 (2) (d) Operation of TAB1CCR1 to TAB1CCRS3 registers) (k = 1 to 3).
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Figure 7-4. Register Setting for Interval Timer Mode Operation (2/2)

(c) TAB1 I/O control register 0 (TAB110CO0)

TAB10L3 TAB1OE3 TAB10OL2 TAB1OE2 TAB10OL1 TAB1OE1 TAB10OLO TAB1OEO

TaBtioco | ot | o | on | o | om | on | o1 | o |

0: Disable TOAB10 pin output

(d) TAB1 counter read buffer register (TAB1CNT)
By reading the TAB1CNT register, the count value of the 16-bit counter can be read.

(e) TAB1 capture/compare register 0 (TAB1CCRO0)

If the TAB1CCRO register is set to Do, the interval is as follows.
Interval = (Do + 1) x Count clock cycle

(f) TAB1 capture/compare registers 1 to 3 (TAB1CCR1 to TAB1CCR3)

1: Enable TOAB10 pin output

Setting of output level with
operation of TOAB10 pin disabled
0: Low level

1: High level

0: Disable TOAB11 pin output
1: Enable TOAB11 pin output

Setting of output level with
operation of TOAB11 pin disabled
0: Low level

1: High level

0: Disable TOAB12 pin output
1: Enable TOAB12 pin output

Setting of output level with
operation of TOAB12 pin disabled
0: Low level

1: High level

0: Disable TOAB13 pin output
1: Enable TOAB13 pin output

Setting of output level with
operation of TOAB13 pin disabled
0: Low level

1: High level

Usually, the TAB1CCR1 to TAB1CCRB3 registers are not used in the interval timer mode. However, the set
value of the TAB1CCR1 to TAB1CCRS registers is transferred to the CCR1 to CCRS3 buffer registers. The
compare match interrupt request signals (INTTAB1CCR1 to INTTAB1CCR3) are generated when the
count value of the 16-bit counter matches the value of the CCR1 to CCRS3 buffer registers.

Therefore, mask the interrupt requests by using the corresponding interrupt mask flags (TAB1CCMK1 to

TAB1CCMKR3).

Remark TAB1 I/O control register 1 (TAB1I0C1), TAB1 1/O control register 2 (TAB110C2), and TAB1
option register 0 (TAB1OPTO) are not used in the interval timer mode.
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(1) Interval timer mode operation flow

Figure 7-5. Software Processing Flow in Interval Timer Mode

FFFFH

Do — Do Do —

16-bit counter

0000H

TAB1CE bit

=1

TAB1CCRO register Do

TOAB10 pin output

INTTAB1CCO signal —| —| —|

<1> <2>

<1> Count operation start flow

()

Register initial setting The initial setting of these registers is performed
TAB1CTLO register before setting the TAB1CE bit to 1.

(TAB1CKSO to TAB1CKS?2 bits)
TAB1CTLA1 register,
TAB1IOCO register,
TAB1CCRO register

The TAB1CKSO to TAB1CKS?2 bits can be
set at the same time when counting has
been started (TAB1CE bit = 1).

TAB1CE bit =1

<2> Count operation stop flow

The counter is initialized and counting is
TAB1CE bit=0 stopped by clearing the TAB1CE bit to 0.

C=
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(2) Interval timer mode operation timing

(a) Operation if TAB1CCRO register is set to 0000H
If the TAB1CCRO register is set to 0000H, the INTTAB1CCO signal is generated at each count clock
subsequent to the first count clock, and the output of the TOAB10 pin is inverted.
The value of the 16-bit counter is always 0000H.

Count clock
16-bit counter FFFFH X 0000H X 0000H 0000H 0000H
TAB1CE bit
TAB1CCRO register 0000H

TOAB10 pin output

INTTAB1CCO signal

Interval time Interval time
Count clock cycle | Count clock cycle

(b) Operation if TAB1CCRO register is set to FFFFH
If the TAB1CCRO register is set to FFFFH, the 16-bit counter counts up to FFFFH. The counter is cleared to
0000H in synchronization with the next count-up timing. The INTTAB1CCO signal is generated and the output
of the TOAB10 pin is inverted. At this time, an overflow interrupt request signal (INTTAB10V) is not generated,
nor is the overflow flag (TAB1OPTO0.TAB1OVF bit) set to 1.

FFFFH

16-bit counter

0000H

TAB1CE bit

TAB1CCRO register FFFFH

TOAB10 pin output

INTTAB1CCO 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 TAB1CCRO register
To change the value of the TAB1CCRO register to a smaller value, stop counting once and then change the set

value.
If the value of the TAB1CCRO register is rewritten to a smaller value during counting, the 16-bit counter may
overflow.
FFFFH
D D /
16-bit t
6-bit counter Ds Do Do
0000H
TAB1CE bit
TAB1CCRO register D1 D2
TAB10LO bit L
TOAB10 pin output
INTTAB1CCO signal —| —| —|
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 TAB1CCRO register is changed from D1 to D2 while the count value is greater than D2 but
less than D1, the count value is transferred to the CCRO buffer register as soon as the TAB1CCRO register has
been rewritten. Consequently, the value of the 16-bit counter that is compared is D2.

Because the count value has already exceeded D2, however, the 16-bit counter counts up to FFFFH, overflows,
and then counts up again from 0000H. When the count value matches Dz, the INTTAB1CCO signal is
generated and the output of the TOAB10 pin is inverted.

Therefore, the INTTAB1CCO signal may not be generated at the interval time “(D1 + 1) x Count clock cycle” or
“(D2 + 1) x Count clock cycle” originally expected, but may be generated at an interval of “(10000H + D2 + 1) x
Count clock period”.
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(d) Operation of TAB1CCR1 to TAB1CCR3 registers

Figure 7-6. Configuration of TAB1CCR1 to TAB1CCR3 Registers

TAB1CCR1
register
CCR1 buffer Output 4>© TOAB11 pln
register ( controller
L Mateh signal INTTAB1CC1 signal
TAB1CCR2
register
CCR2 buffer Output | .
register ( controller ©TOAB12 pin
L Match signa INTTAB1CC2 signal
TAB1CCR3
register
CCRa3 buffer OUtpUt 4,@ TOAB13 pin
register ( controller
- Match signal INTTAB1CCS signal
Clear
Count
clock 16-bit counter | Output —~O TOAB10 pin
selection controller
Match signal
{} alch signa INTTAB1CCO signal
TAB1CE bit CCRO buffer register
TAB1CCRO register
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If the set value of the TAB1CCRk register is less than the set value of the TAB1CCRO register, the
INTTAB1CCk signal is generated once per cycle. At the same time, the output of the TOAB1k pin is inverted.
The TOAB1k pin outputs a square wave with the same cycle as that output by the TOAB10 pin.

Remark k=1t03

Figure 7-7. Timing Chart When Do1 > Dk

FFFFH

Do1 Dot Dot Dot
16-bit counter D D31/ D Dat D Dat1 D Dat
D21£Z D21£Z D21£’Z D21£Z
0000H
TAB1CE bit
TAB1CCRO register Dot

TOAB10 pin output

INTTAB1CCO signal -| -| -| L

TAB1CCR1 register D11

TOAB11 pin output

INTTAB1CC1 signal -| -| -| -|

TAB1CCR2 register Da1

TOAB12 pin output

INTTAB1CC2 signal -| -| -| -|

TAB1CCRS register Dat

TOAB13 pin output

INTTAB1CCS3 signal -| -| -| -|
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If the set value of the TAB1CCRKk register is greater than the set value of the TAB1CCRO register, the count

value of the 16-bit counter does not match the value of the TAB1CCRk register.
INTTAB1CCk signal is not generated, nor is the output of the TOAB1k pin changed.

Remark k=1t03

Figure 7-8. Timing Chart When Do1 < Dk1

Consequently, the

FFFFH
16-bit counter

0000H

TAB1CE bit

TAB1CCRO register

TOAB10 pin output

INTTAB1CCO signal

TAB1CCR1 register

TOAB11 pin output

INTTAB1CC1 signal

TAB1CCR2 register

TOAB12 pin output

INTTAB1CC2 signal

TAB1CCRS3 register

TOAB13 pin output°t

INTTAB1CCS signal

Dot Dot Do1

Dot
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7.5.2 External event count mode (TAB1MD2 to TAB1MDO bits = 001)

In the external event count mode, the valid edge of the external event count input is counted when the
TAB1CTLO.TAB1CE bit is set to 1, and an interrupt request signal (INTTAB1CCO) is generated each time the specified
number of edges have been counted. The TOAB10 pin cannot be used.

Usually, the TAB1CCR1 to TAB1CCRS registers are not used in the external event count mode.

Figure 7-9. Configuration in External Event Count Mode

Clear
EVTABI1 pin Edge
(external event O— d >—* 16-bit counter
. etector
count input)
Match signal
% a’ch signa INTTAB1CCO signal
TAB1CE bit CCRQO buffer register

it

TAB1CCRO register

Figure 7-10. Basic Timing in External Event Count Mode

FFFFH ’,‘\//\\

. Do Do - “\ Do
16-bit counter ! !
0000H :' ". 16-bit counter Do — 1 X Do X 0000 Xooo1
: . External event
TAB1CE bit : ! count input | | | | | |
— ' H (EVTAB1 pin input)
TAB1CCRO register :X Dol‘.‘ TAB1CCRO register Do
INTTAB1CCO signal _l _| | INTTAB1CCO 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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When the TAB1CE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0000H. The counter counts
each time the valid edge of the external event count input is detected. Additionally, the set value of the TAB1CCRO register
is transferred to the CCRO buffer register.

When the count value of the 16-bit counter matches the value of the CCRO buffer register, the 16-bit counter is cleared
to 0000H, and a compare match interrupt request signal (INTTAB1CCO) is generated.

The INTTAB1CCO signal is generated each time the valid edge of the external event count input has been detected (set
value of TAB1CCRO register + 1) times.

Figure 7-11. Register Setting for Operation in External Event Count Mode (1/2)

(a) TAB1 control register 0 (TAB1CTLO)

TAB1CE TAB1CKS2 TAB1CKS1 TAB1CKSO
TAB1CTLO | 01 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 |

‘ 0: Stop counting
1: Enable counting

(b) TAB1 control register 1 (TAB1CTL1)

TAB1SYE TAB1EST TAB1EEE TAB1MD2 TAB1MD1 TAB1MDO
TAB1CTL1|O‘O‘O‘O‘O‘O‘O‘1|

0,0, 1:
External event count mode

(c) TAB1 I/O control register 0 (TAB110C0)
TAB10L3 TAB10OE3 TAB10L2 TAB10OE2 TAB10OL1 TAB1OE1 TAB10OLO TAB10OEO
TAB110CO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 |
L 0: Disable TOAB10 pin output

0: Disable TOAB11 pin output

0: Disable TOAB12 pin output

0: Disable TOAB13 pin output

(d) TAB1 I/O control register 2 (TAB110C2)

TAB1EES1 TAB1EESO TAB1ETS1 TAB1ETSO

TAB1IOCZ|O‘0‘0‘0‘0/1‘0/1‘ o‘ol
L]
Select valid edge
of external event
count input
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Figure 7-11. Register Setting for Operation in External Event Count Mode (2/2)

(e) TAB1 counter read buffer register (TAB1CNT)
The count value of the 16-bit counter can be read by reading the TAB1CNT register.

(f) TAB1 capture/compare register 0 (TAB1CCRO0)
If Do is set to the TAB1CCRO register, the counter is cleared and a compare match interrupt request
signal (INTTAB1CCO) is generated when the number of external event counts reaches (Do + 1).

(g) TAB1 capture/compare registers 1 to 3 (TAB1CCR1 to TAB1CCR3)
Usually, the TAB1CCR1 to TAB1CCRS3 registers are not used in the external event count mode.
However, the set value of the TAB1CCR1 to TAB1CCRS3 registers are transferred to the CCR1 to CCR3
buffer registers. When the count value of the 16-bit counter matches the value of the CCR1 to CCR3
buffer registers, compare match interrupt request signals (INTTAB1CC1 to INTTAB1CC3) are
generated.

Therefore, mask the interrupt signals by using the interrupt mask flags (TAB1CCMK1 to TAB1CCMK3).

Remark TAB1 I/O control register 1 (TAB110C1) and TAB1 option register 0 (TAB1OPTO) are not used
in the external event count mode.
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(1) External event count mode operation flow

Figure 7-12. Flow of Software Processing in External Event Count Mode

FFFFH

Do —— Do —— Do —
16-bit counter

0000H

TAB1CE bit

TAB1CCRO register x Do

INTTAB1CCO signal —l —l —l

<1> <2>

<1> Count operation start flow

C s )

Register initial setting The initial setting of these registers

TAB1CTLO register ) is performed before setting the
(TAB1CKSO0 to TAB1CKS2 bits) TAB1CE bit to 1.

TAB1CTLA1 register,
TAB1IOCO register,
TAB1I0C2 register,
TAB1CCRO register

The TAB1CKSO0 to TAB1CKS2 bits can
be set at the same time when counting
has been started (TAB1CE bit = 1).

TAB1CE bit =1

<2> Count operation stop flow

The counter is initialized and counting
TAB1CE bit =0 is stopped by clearing the TAB1CE bit to 0.

=
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(2) Operation timing in external event count mode

Cautions 1. In the external event count mode, do not set the TAB1CCRO register to 0000H.

2. In the external event count mode, use of the timer output is disabled. If performing timer
output using external event count input, set the interval timer mode, and select the operation
enabled by the external event count input for the count clock (TAB1CTL1.TAB1MD2 to
TAB1CTL1.TAB1MDO bits = 000, TAB1CTL1.TAB1EEE bit = 1).

(a) Operation if TAB1CCRO register is set to FFFFH
If the TAB1CCRO register is set to FFFFH, the 16-bit counter counts to FFFFH each time the valid edge of the
external event count signal has been detected. The 16-bit counter is cleared to 0000H in synchronization with
the next count-up timing, and the INTTAB1CCO signal is generated. At this time, the TAB1OPTO.TAB10OVF bit

is not set.
FFFFH
16-bit counter
0000H
TAB1CE bit
TAB1CCRO register FFFFH
INTTAB1CCO signal —| —| —|
External event | External event | External event
count signal count signal count signal
interval interval interval
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(b) Notes on rewriting the TAB1CCRO register
To change the value of the TAB1CCRO register to a smaller value, stop counting once and then change the set
value.
If the value of the TAB1CCRO register is rewritten to a smaller value during counting, the 16-bit counter may

overflow.
FFFFH
D1 D1 /
16-bit counter
D2 Do—— D2——
0000H
TAB1CE bit
TAB1CCRO register D1 D2
INTTAB1CCO signal —| —| —|
External event External event count signal |External event
count signal interval (NG) count signal
interval (1) (10000H + D2 + 1) interval (2)
(D1 +1) (D2 +1)

If the value of the TAB1CCRO register is changed from D1 to D2 while the count value is greater than D2 but
less than D1, the count value is transferred to the CCRO buffer register as soon as the TAB1CCRO register has
been rewritten. Consequently, the value that is compared with the 16-bit counter is Do.

Because the count value has already exceeded D2, however, the 16-bit counter counts up to FFFFH, overflows,
and then counts up again from 0000H. When the count value matches Dz, the INTTAB1CCO signal is
generated.

Therefore, the INTTAB1CCO signal may not be generated at the valid edge count of “(D1 + 1) times” or “(D2 + 1)
times” originally expected, but may be generated at the valid edge count of “(10000H + D2 + 1) times”.
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(c) Operation of TAB1CCR1 to TAB1CCR3 registers

Figure 7-13. Configuration of TAB1CCR1 to TAB1CCR3 Registers

EVTAB1 pin O—

TAB1CCR1
register

Ly

CCR1 buffer

register

{} Match signal

TAB1CCR2
register

U

CCR2

register

buffer

{} Match signal

TAB1CCR3
register

1§

CCRB3 buffer
register

& Match signal

Clear

Edge
detector

)

16-bit counter

{} Match signal

TAB1CE bit

CCRO buffer register

it

TAB1CCRO register

INTTAB1CC1 signal

INTTAB1CC2 signal

INTTAB1CC3 signal

INTTAB1CCO signal
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If the set value of the TAB1CCRKk register is smaller than the set value of the TAB1CCRO register, the
INTTAB1CCk signal is generated once per cycle.

Remark k=1t03

Figure 7-14. Timing Chart When Do1 > Dk1

FFFFH Do Dot Dot Dot

16-bit counter D1~ D2P£Z DzPﬁZ DzD”Z

0000H

TAB1CE bit

TAB1CCRO register Do1

INTTAB1CCO signal -| -| -| L

TAB1CCR1 register D11

INTTAB1CC1 signal -| -| -| -|

TAB1CCR2 register Do1

INTTAB1CC2 signal -| -| -| -|

TAB1CCRB3 register Dat

INTTAB1CC3 signal -| -| -| -|
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If the set value of the TAB1CCRKk register is greater than the set value of the TAB1CCRO register, the
INTTAB1CCk signal is not generated because the count value of the 16-bit counter and the value of the

TAB1CCRK register do not match.

Remark k=1t03

Figure 7-15. Timing Chart When Do1 < Dk1

FFFFH

16-bit counter

0000H

Do Dot Dot

TAB1CE bit

TAB1CCRO register Do+

INTTAB1CCO signal -| -| -|

TAB1CCR1 register D11

INTTAB1CC1 signal L

TAB1CCR2 register D21

INTTAB1CC2 signal L

TAB1CCRa3 register Ds1

INTTAB1CC3 signal |
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7.5.3 External trigger pulse output mode (TAB1MD2 to TAB1MDO bits = 010)
In the external trigger pulse output mode, TAB1 waits for a trigger when the TAB1CTLO.TAB1CE bit is set to 1. When
the valid edge of the external trigger input signal is detected, TAB1 starts counting, and outputs a PWM waveform from the
TOAB11 to TOAB13 pins.
Pulses can also be output by generating a software trigger instead of using the external trigger. When using a software

trigger, a square wave that has one cycle of the PWM waveform as half its cycle can also be output from the TOAB10 pin.

Figure 7-16. Configuration in External Trigger Pulse Output Mode

TAB1CCR1
register
{ T Transfer
z
| .|o Output
CCR1 buffer controller |—~©) TOAB11 pin
register R (RS-FF)
{} Match signal ( )
S 9 ‘ INTTAB1CC1 signal
TAB1CCR2
register
i ‘ Transfer
c .| Output
CCR2 buffer controller |~@©) TOAB12 pin
register ( R (RS-FF)
L " aten signa . INTTAB1CC2 signal
TAB1CCR3
register
‘ Edge ii Transfer |
TRGAB1 pin ©O—= detector oot
CCRS buffer |2 controlier |-~© TOAB13 pin
register R (RS-FF)
Software trigger {} ]
generation Match signal | | INTTAB1CCS signal
Clear
Count Count
) Output .
clock :>—~ start [ 16-bit counter =1 controller [ —© TOAB10 pin
selection control
Match signal
% g INTTAB1CCO signal
TAB1CE bit CCRO buffer register
{ ‘ Transfer
TAB1CCRO register
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Figure 7-17. Basic Timing in External Trigger Pulse Output Mode

FFFFH
? Ds ZD'(L Ds

i Dz~ Dz Dz~ Dz~
16-bit t
Fcotmer D1 / D1 Di_~1 D1 / D1 Z

g
No
N
NU
g
NQ

0000H

TAB1CE bit

External trigger input
(TRGABT1 pin input)

TAB1CCRO register Do

INTTAB1CCO signal -| -| -| |

TOAB10 pin output
(only when software
trigger is used)

TAB1CCR1 register D-

INTTAB1CC1 signal ] ] ] ]

TOAB11 pin output

ot [ S

Active level Active level Active level Active level  Active level
width width width width width
(D) (D1) (D1) (D1) (D1)
TAB1CCR2 register D>
INTTAB1CC2 signal -| -| -| -|
TOAB12 pin output
Active level Active level Active level
width (D2) width (D2) width (D2)
TAB1CCRS register Ds
INTTAB1CC3 signal -| -| -| -|
TOAB13 pin output
Active level Active level Active level
width (Ds) width (Ds) width (Ds)
Wait Cycle (Do + 1) Cycle (Do + 1) Cycle (Do + 1)
for trigger
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TAB1 waits for a trigger when the TAB1CE bit is set to 1. When the trigger is generated, the 16-bit counter is cleared
from FFFFH to 0000H, starts counting at the same time, and outputs a PWM waveform from the TOAB1k pin. If the trigger
is generated again while the counter is operating, the counter is cleared to 0000H and restarted. (The output of the
TOAB10 pin is inverted. The TOAB1k pin outputs a high level regardless of the status (high/low) when a trigger is
generated.)

The active level width, cycle, and duty factor of the PWM waveform can be calculated as follows.

Active level width = (Set value of TAB1CCRKk register) x Count clock cycle
Cycle = (Set value of TAB1CCRO register + 1) x Count clock cycle
Duty factor = (Set value of TAB1CCRKk register)/(Set value of TAB1CCRO register + 1)

The compare match request signal (INTTAB1CCO) is generated when the 16-bit counter counts up next time after its
count value matches the value of the CCRO buffer register, and the 16-bit counter is cleared to 0000H. The compare
match interrupt request signal (INTTAB1CCK) is generated when the count value of the 16-bit counter matches the value
of the CCRKk buffer register.

The value set to the TAB1CCRm register is transferred to the CCRm buffer register when the count value of the 16-bit
counter matches the value of the CCRO buffer register and the 16-bit counter is cleared to 0000H.

The valid edge of the external trigger input signal or setting the software trigger (TAB1CTL1.TAB1EST bit) to 1 is used
as the trigger.

Remark k=11t03,
m=0to 3

Figure 7-18. Setting of Registers in External Trigger Pulse Output Mode (1/3)

(a) TAB1 control register 0 (TAB1CTLO)

TAB1CE TAB1CKS2 TAB1CKS1 TAB1CKSO

TAB1CTLO| 0/1 \ 0 \ 0 \ 0 \ 0 \ 0 \ 0/ \ 0/1|

Select count clockNete

0: Stop counting
1: Enable counting

Note The setting is invalid when the TAB1CTL1.TAB1EEE bit = 1.
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Figure 7-18. Setting of Registers in External Trigger Pulse Output Mode (2/3)

(b) TAB1 control register 1 (TAB1CTL1)
TAB1SYE TAB1EST TAB1EEE TAB1MD2 TAB1MD1 TAB1MDO
TAB1CTL1 | 0 ‘ o ‘ o ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 |

0,1,0:
L External trigger pulse
output mode

0: Operate on count clock
selected by TAB1CKSO to
TAB1CKS2 bits

1: Count by external event
input signal

Generate software trigger
when 1 is written

(c) TAB1 I/O control register 0 (TAB110C0)
TAB10L3 TAB1OE3 TAB10L2 TAB1OE2 TAB10OL1 TAB1OE1 TAB10LO TAB10EO
TABtioco [ o | om | on | om | o | o | o

o1 Note

0: Disable TOAB10 pin output
1: Enable TOAB10 pin output

Setting of output level while
operation of TOAB10 pin is disabled

0: Low level

1: High level

0: Disable TOAB11 pin output
1: Enable TOAB11 pin output

Specification of active level
of TOAB11 pin output

0: Active-high

1: Active-low

0: Disable TOAB12 pin output
1: Enable TOAB12 pin output

Specification of active level
of TOAB12 pin output

0: Active-high

1: Active-low

0: Disable TOAB13 pin output
1: Enable TOAB13 pin output

Specification of active level
of TOAB13 pin output

0: Active-high

1: Active-low

e When TAB1OLK bit =0 e When TAB1OLK bit = 1

16-bit counter /I/I/I/I/ 16-bit counter /I/I/I/I/

TOAB1k pinoutput _ 11 L I — TOAB1k pinoutput —_ 1L 1L I 1L __

Note Clear this bit to 0 when the TOAB10 pin is not used in the external trigger pulse output mode.
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Figure 7-18. Setting of Registers in External Trigger Pulse Output Mode (3/3)

(d) TAB1 I/O control register 2 (TAB110C2)

TAB1EES1 TAB1EESO TABIETS! TAB1ETSO
TAB1IOC2| 0 \ 0 \ 0 \ 0 \ 0/ \ 0/ \ 0/1 \ 0/1|

Select valid edge of

external trigger input

Select valid edge of
external event count input

(e) TAB1 counter read buffer register (TAB1CNT)
The value of the 16-bit counter can be read by reading the TAB1CNT register.

(f) TAB1 capture/compare registers 0 to 3 (TAB1CCRO0 to TAB1CCR3)
If Do is set to the TAB1CCRO register, D1 to the TAB1CCR1 register, D2 to the TAB1CCR2 register, and D3
to the TAB1CCRS register, the cycle and active level of the PWM waveform are as follows.

Cycle = (Do + 1) x Count clock cycle

TOAB11 pin PWM waveform active level width = D1 x Count clock cycle
TOAB12 pin PWM waveform active level width = D2 x Count clock cycle
TOAB13 pin PWM waveform active level width = D3 x Count clock cycle

Remarks 1. TAB1 I/O control register 1 (TAB1IOC1) and TAB1 option register 0 (TAB1OPTO) are not
used in the external trigger pulse output mode.
2. Updating TAB1 capture/compare register 2 (TAB1CCR2) and TAB1 capture/compare register 3
(TAB1CCRB3) is enabled by writing TAB1 capture/compare register 1 (TAB1CCR?1).
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(1) Operation flow in external trigger pulse output mode

Figure 7-19. Software Processing Flow in External Trigger Pulse Output Mode (1/2)

FFFFH
Do1
16-bit counter Doo / Dog Doy Doy Doy
D D D. D
5 Dzs/ 0,02 5 %fz 0| o o]
D1o 20 11,4 1 D 20 D 11
0000H = = /
TAB1CE bit
External trigger input -|
(TRGABT1 pin input)
TAB1CCRO register x Doo Dot X Doo
CCRO buffer register Doo Do1 Doo

INTTAB1CCO signal -| -| -| -l -l -l

TOAB10 pin output -
(only when software
trigger is used) -

TAB1CCR1 register x D1o D11 X D11 D1o D1o D11

CCR1 buffer register X D1o D11 D11 D1o D1o D11

INTTAB1CC1 signal -| -| -| -| -| -|

TOAB11 pin output

TAB1CCR2 register x D20 D21 D20 D21

CCR2 buffer register X D20 D21 D20 D21

INTTAB1CC2 signal -| -| -| -| -| -|

TOAB12 pin output

TAB1CCRS register x Dso Ds1 Dso Ds1

CCRS buffer register X Dao Da1 Dao Da1

INTTAB1CCS3 signal ” H H ” ” H

TOAB13 pin output

I T b T

<1> <2> <3> <4> <5> <6> <7>
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Figure 7-19. Software Processing Flow in External Trigger Pulse Output Mode (2/2)

START

Register initial setting
TAB1CTLO register
(TAB1CKSO to TAB1CKS2
bits),
TAB1CTLA1 register,
TAB1IOCO register,
TAB1I0C2 register,
TAB1CCRO to TAB1CCR3
registers

TAB1CE bit =1

setting change flow
|
Setting of TAB1CCRO, TAB1CCR2,
and TAB1CCRa3 registers

Setting of TAB1CCR1 register

|

Setting of TAB1CCRO register

Setting of TAB1CCR1 register

Remark m=0to 3

<1> Count operation start flow

The initial setting of these
registers is performed
before setting the
TAB1CE bitto 1.

The TAB1CKSO to
TAB1CKS2 bits can be
set at the same time
when counting is

enabled (TAB1CE bit = 1).
Trigger wait status

<2> TAB1CCRO to TAB1CCRS register

Writing the TAB1CCR1
register must be performed
after writing the TAB1CCRO,
TAB1CCR2, and TAB1CCR3
registers.

When the counter is cleared
after setting, the value

of the TAB1CCRm register is
transferred to the CCRm buffer
registers.

<3> TAB1CCRO register setting change flow

Writing the same value to
the TAB1CCR1 register is
necessary only when the
set cycle is changed.

When the counter is

cleared after setting,

the value of the TAB1CCRm
register is transferred to

the CCRm buffer register.

<4> TAB1CCR1 to TAB1CCRS register

setting change flow

|

Setting of TAB1CCR2,
TAB1CCRS3 registers

Setting of TAB1CCR1 register

Writing the TAB1CCR1

register must be performed

only when the set duty factor is
changed after writing the
TAB1CCR2 and TAB1CCRS3
registers.

When the counter is cleared

after setting, the value of the
TAB1CCRm register is transferred
to the CCRm buffer register.

<5> TAB1CCR2, TAB1CCRB3 register

setting change flow

|

Setting of TAB1CCR2,
TAB1CCRS3 registers

Setting of TAB1CCR1 register

Writing the same value to the
TAB1CCR1 register is necessary
only when the set duty factor of
the TOAB12 and TOAB13 pin
outputs is changed.

When the counter is cleared
after setting, the value of the
TAB1CCRm register is
transferred to the CCRm buffer
register.

<6> TAB1CCR1 register setting change flow

|

Setting of TAB1CCR1 register

The TAB1CCR1 register only needs
to be written, only when the set duty
factor of the TOAB11 pin output is
changed.

When the counter is cleared after
setting, the value of the TAB1CCRm
register is transferred to the CCRm
buffer register.

<7> Count operation stop flow

TAB1CE bit=0

Counting is stopped.
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(2) External trigger pulse output mode operation timing

(a) Note on changing pulse width during operation
To change the PWM waveform while the counter is operating, write the TAB1CCR1 register last.

Rewrite the TAB1CCRKk register after writing the TAB1CCR1 register after the INTTAB1CCO signal is detected.

FFFFH
Dot Do1
_hi Doo Doo Doo D31 Ds1
16-bit counter DsoZl’ Daso Dao AT D21 1 D21 /1
D20 1 D20 /1 D20 D11 D11
0000H D10 1 D10 D10
TAB1CE bit
External trigger input
(TRGABH1 pin input)
TAB1CCRO register x Doo Dot
CCRO buffer register Doo Dot

INTTAB1CCO signal _| _| _| —| —|_

TOAB10 pin output
(only when software
trigger is used) —

TAB1CCR1 register x D1o D11

CCRH1 buffer register D1o D11

INTTAB1CC1 signal

TOAB11 pin output

TAB1CCR2 register x Dzo D

CCR2 buffer register D20 D21

INTTAB1CC2 signal —| —| —| —| —|

TOAB12 pin output

TAB1CCRS3 register x Do X Da1

Dso D31

CCR3 buffer register
INTTAB1CC3 signal —l —l —l —l —l

TOAB13 pin output
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To transfer data from the TAB1CCRm register to the CCRm buffer register, the TAB1CCR1 register must be
written.

To change both the cycle and active level width of the PWM waveform at this time, first set the cycle to the
TAB1CCRO register, set the active level width to the TAB1CCR2 and TAB1CCRS3 registers, and then set the
active level to the TAB1CCR1 register.

To change only the cycle of the PWM waveform, first set the cycle to the TAB1CCRO register, and then write
the same value to the TAB1CCR1 register.

To change only the active level width (duty factor) of the PWM waveform, first set the active level to the
TAB1CCR2 and TAB1CCRBS registers and then set the active level to the TAB1CCR1 register.

To change only the active level width (duty factor) of the PWM waveform output by the TOAB11 pin, only the
TAB1CCR1 register has to be set.

To change only the active level width (duty factor) of the PWM waveform output by the TOAB12 and TOAB13
pins, first set the active level width to the TAB1CCR2 and TAB1CCRS3 registers, and then write the same value
to the TAB1CCR1 register.

After data is written to the TAB1CCR1 register, the value written to the TAB1CCRm 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.

To write the TAB1CCRO to TAB1CCRS3 registers again after writing the TAB1CCR1 register once, do so after
the INTTAB1CCO signal is generated. Otherwise, the value of the CCRm buffer register may become
undefined because the timing of transferring data from the TAB1CCRm register to the CCRm buffer register
conflicts with writing the TAB1CCRm register.

Remark m=0t03
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(b) 0%/100% output of PWM waveform
To output a 0% waveform, set the TAB1CCRKk register to 0000H. If the set value of the TAB1CCRO register is
FFFFH, the INTTAB1CCk signal is generated periodically.

Count clock | | | | | | | | | | | | | | | | | |
16-bit counter  FFFF X 0000 ::XDO_1X Do OOOOX 0001 x ::XDO—1X Do 0000 x
{ ( { (
)] 1)
TAB1CE bit
{ {
)] 1)
TAB1CCRO register Do Do Do
{ {
y X
TAB1CCRKk register 0000H ) 0000H ) 0000H
)] 1)
INTTAB1CCO signal N N
)] 1)
INTTAB1CCk signal

TOAB1k pin output L

Remark k=1t03

To output a 100% waveform, set a value of “set value of TAB1CCRO register + 1” to the TAB1CCRK register. If
the set value of the TAB1CCRO register is FFFFH, 100% output cannot be produced.

Count clock | | | | | | | | | | | | | | | | | |
16-bit counter  FFFF X 0000 ;:XDO - 1X Do 0000 X 0001 x :XDO— 1X Do 0000 x
)] 1)
TAB1CE bit
4 45
TAB1CCRO register Do Do Do
{ {
y X
TAB1CCRKk register Do + 1 B Do + 1 ) Do + 1
)] 1)
INTTAB1CCO signal N | N |
)] 1)
INTTAB1CCk signal N N
s 22
)) 1)
TOAB/1Kk pin output
Remark k=1t03
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(c) Conflict between trigger detection and match with CCRk buffer register
If the trigger is detected immediately after the INTTAB1CCk signal is generated, the 16-bit counter is
immediately cleared to 0000H, the output signal of the TOAB1k pin is asserted, and the counter continues
counting. Consequently, the inactive period of the PWM waveform is shortened.

16-bit counter ~ FFFF X 0000 x Dk—1|X Dk [X 0000 x
External trigger input
(TRGABH1 pin input)

CCRKk buffer register D«

INTTAB1CCk signal |

TOAB1k pin output

Shortened

Remark k=1to3

If the trigger is detected immediately before the INTTAB1CCk signal is generated, the INTTAB1CCk signal is
not generated, and the 16-bit counter is cleared to 0000H and continues counting. The output signal of the
TOAB1k pin remains active. Consequently, the active period of the PWM waveform is extended.

16-bit counter ~ FFFF | 0000 x Dk — 2X X 0000 X 0001 x x Dk —1

External trigger input
(TRGABH1 pin input)

CCRKk buffer register D«

INTTAB1CCk signal |

TOAB1k pin output

Extended

Remark k=1to3

RO1UHO0232EJ0200 Rev.2.00 335
Mar 25, 2014 RENESANAS



VB850ES/JES-E, V850ES/JG3-E CHAPTER 7 16-BIT TIMER/EVENT COUNTER AB (TAB)

(d) Conflict between trigger detection and match with CCRO buffer register
If the trigger is detected immediately after the INTTAB1CCO signal is generated, the 16-bit counter is cleared to
0000H and continues counting up. Therefore, the active period of the TOAB1k pin is extended by time from
generation of the INTTAB1CCO signal to trigger detection.

16-bit counter ~ FFFF .OOOO x Do — 1X Do | 0000 OOOOX:

External trigger input
(TRGABOO pin input)

CCRO buffer register B Do
)Y
INTTAB1CCO signal B _l
TOAB/1k pin output
Extended

Remark k=1to3

If the trigger is detected immediately before the INTTAB1CCO signal is generated, the INTTAB1CCO signal is
not generated. The 16-bit counter is cleared to 0000H, the TOAB1k pin is asserted, and the counter continues
counting. Consequently, the inactive period of the PWM waveform is shortened.

|
16-bit counter ~ FFFF .0000 x Do — 1X Do 0000 X 0001 X:

External trigger input
(TRABH1 pin input)

CCRO buffer register Do

INTTAB1CCO signal

TOAB1k pin output

|

Shortened

Remark k=1to3
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(e) Generation timing of compare match interrupt request signal (INTTAB1CCKk)
The timing of generation of the INTTAB1CCk signal in the external trigger pulse output mode differs from the
timing of other INTTAB1CCk signals; the INTTAB1CCk signal is generated when the count value of the 16-bit
counter matches the value of the CCRKk buffer register.

Count clock
16-bit counter Dk—-2 X Dk -1 Dk X Dk + 1 X Dk + 2
CCRKk buffer register D«

TOAB/1k pin output

INTTAB1CCk signal

Remark k=1to3

Usually, the INTTAB1CCk signal is generated in synchronization with the next count-up after the count value of
the 16-bit counter matches the value of the CCRk buffer register.

In the external trigger pulse output mode, however, it is generated one clock earlier. This is because the timing
is changed to match the timing of changing the output signal of the TOAB1k pin.
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7.5.4 One-shot pulse output mode (TAB1MD2 to TAB1MDO bits = 011)

In the one-shot pulse output mode, TAB1 waits for a trigger when the TAB1CTLO.TAB1CE bit is set to 1. When the valid
edge of the external trigger input is detected, TAB1 starts counting, and outputs a one-shot pulse from the TOAB11 to
TOAB13 pins.

Instead of the external trigger, a software trigger can also be generated to output the pulse. When the software trigger
is used, the TOAB10 pin outputs the active level while the 16-bit counter is counting, and the inactive level when the
counter is stopped (waiting for a trigger).

Figure 7-20. Configuration in One-Shot Pulse Output Mode

TAB1CCR1
register
{ T Transfer
z
Qutput
CCRH1 buffer controller —~©) TOAB11 pin
register R (RS-FF)
{} Match signal .
> 9 INTTAB1CC1 signal
TAB1CCR2
register
i ‘ Transfer
} Output
CCR2 buffer controller —=© TOAB12 pin
register (RS-FF)
L waten signal INTTAB1CC2 signal
TAB1CCR3
register
] Edge iL Transfer |
TRGAB1 pin ©— detector Suon
CCRS butfer S controller [—~© TOAB13 pin
register R (RS-FF)
Software trigger {} ]
generation Match signal INTTAB1CC3 signal
] W Clear | L
Qutput
Count clock ) Count start . S .
. 16-bit counter controller [—~© TOAB10 pin
selection control {} R (RS-FF)
Match signal
ﬁ alch slgna INTTAB1CCO signal
TAB1CE bit CCRO buffer register
il
Transfer
TAB1CCRO register
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Figure 7-21. Basic Timing in One-Shot Pulse Output Mode

FFFFH Do Do Do
. Ds / Ds / Ds /
16-bit counter Da/ Da/ Dz/
D1 Z D1 Z D1 Z
0000H
TAB1CE bit
External trigger input
(TRGAB1 pin input)
TAB1CCRO register x Do
INTTAB1CCO signal -| -| -I_
TOAB10 pin output -
(only when software
trigger is used) ————— —
TAB1CCR1 register x D1
INTTAB1CC1 signal -| -| -|
TOAB11 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)
TAB1CCR2 register X Do
INTTAB1CC2 signal -| -| -|
TOAB12 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
TAB1CCRS register x Ds
INTTAB1CC3 signal -| -| -|
TOAB13 pin output
Delay Active Delay Active Delay Active
(Ds) level width (D3) level width (Ds) level width
(Do—Ds + 1) (Do—Ds + 1) (Do—Ds + 1)
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When the TAB1CE bit is set to 1, TAB1 waits for a trigger. When the trigger is generated, the 16-bit counter is cleared
from FFFFH to 0000H, starts counting, and outputs a one-shot pulse from the TOAB1k pin. After the one-shot pulse is
output, the 16-bit counter is set to FFFFH, stops counting, and waits for a trigger. If a trigger is generated again while the
one-shot pulse is being output, it is ignored.

The output delay period and active level width of the one-shot pulse can be calculated as follows.

Output delay period = (Set value of TAB1CCRKk register) x Count clock cycle
Active level width = (Set value of TAB1CCRO register — Set value of TAB1CCRKk register + 1) x Count clock cycle

The compare match interrupt request signal INTTAB1CCO is generated when the 16-bit counter counts up after its
count value matches the value of the CCRO buffer register. The compare match interrupt request signal (INTTAB1CCKk) is
generated when the count value of the 16-bit counter matches the value of the CCRk buffer register.

The valid edge of the external trigger input or setting the software trigger (TAB1CTL1.TAB1EST bit) to 1 is used as the
trigger.

Remark k=1to3

Figure 7-22. Register Setting for Operation in One-Shot Pulse Output Mode (1/3)

(a) TAB1 control register 0 (TAB1CTLO)

TAB1CE TAB1CKS2 TAB1CKS1 TAB1CKSO

TAB1CTLO| 0/1 \ 0 \ 0 \ 0 \ 0 \ 0 \ 0/ \ 0/1|

Select count clockNete

0: Stop counting
1: Enable counting

(b) TAB1 control register 1 (TAB1CTL1)

TAB1EST TAB1EEE TAB1MD2 TAB1MD1 TAB1MDO

TAB1CTL1|0‘O/1‘O/1‘0‘0‘0‘1‘1|

0,1, 1:
One-shot pulse output mode

0: Operate on count clock
selected by TAB1CKSO to
TAB1CKS2 bits

1: Count by external event
count input signal

Generate software trigger
when 1 is written

Note The setting is invalid when the TAB1CTL1.TAB1EEE bit = 1.
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Figure 7-22. Register Setting for Operation in One-Shot Pulse Output Mode (2/3)

(c) TAB1 I/O control register 0 (TAB110C0)

TAB10L3 TAB1OE3 TAB10OL2 TAB1OE2 TAB1OL1 TAB1OE1 TAB10LO TAB1OEO
TAB1IOCO| o \ o \ o \ 0/1 \ 0/1 \ 0/1 \0/1"0te

0/1 Note

0: Disable TOAB10 pin output
1: Enable TOAB10 pin output

Setting of output level while
operation of TOAB10 pin is disabled

0: Low level

1: High level

0: Disable TOAB11 pin output
1: Enable TOAB11 pin output

Specification of active level
of TOAB11 pin output

0: Active-high

1: Active-low

0: Disable TOAB12 pin output
1: Enable TOAB12 pin output

Specification of active level
of TOAB12 pin output

0: Active-high

1: Active-low

0: Disable TOAB13 pin output
1: Enable TOAB13 pin output

Specification of active level
of TOAB13 pin output

0: Active-high

1: Active-low

e When TAB1OLKk bit =0 e When TAB1OLK bit = 1

16-bit counter yd | yd | 16-bit counter e | e |

TOAB1k pin output 1 | I TOAB1kK pin output LT |

(d) TAB1 I/O control register 2 (TAB110C2)

TAB1EES1 TAB1EESO TAB1ETS1 TAB1ETSO
TAB110C2 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 01 ‘ 0/ ‘ 0/ |

Select valid edge of

external trigger input

Select valid edge of
external event count input

(e) TAB1 counter read buffer register (TAB1CNT)
The value of the 16-bit counter can be read by reading the TAB1CNT register.

Note Clear this bit to 0 when the TOAB10 pin is not used in the one-shot pulse output mode.
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Figure 7-22. Register Setting for Operation in One-Shot Pulse Output Mode (3/3)

(f) TAB1 capture/compare registers 0 to 3 (TAB1CCRO to TAB1CCR3)
If Do is set to the TAB1CCRO register and Dk to the TAB1CCRKk register, the active level width and output
delay period of the one-shot pulse are as follows.

Active level width = (Do — Dk + 1) x Count clock cycle
Output delay period = (Dk) x Count clock cycle

Caution One-shot pulses are not output even in the one-shot pulse output mode, if the set
value of the TAB1CCRk register is greater than that value of the TAB1CCRO register.

Remarks 1. TAB1 I/O control register 1 (TAB1I0C1) and TAB1 option register 0 (TAB1OPTO) are not
used in the one-shot pulse output mode.
2. k=1t03
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(1) Operation flow in one-shot pulse output mode

Figure 7-23. Software Processing Flow in One-Shot Pulse Output Mode (1/2)

FFFFH o

Dao/ Do

16-bit counter Dao [ D31/

Da1
D1OZ D+ 1Z
0000H

TAB1CE bit

External trigger input |'|
(TRGABT pin input)

TAB1CCRO register :X Doo Do

INTTAB1CCO signal

TOAB10 pin output
(only when software
trigger is used)

TAB1CCR1 register :X Dio D11

INTTAB1CC1 signal

TOAB11 pin output

TAB1CCR2 register :X D20 Da1

INTTAB1CC2 signal

TOAB12 pin output

TAB1CCR3 register :X Dso Dar

INTTAB1CC3 signal

TOAB13 pin output

<1> <2> <3>
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Figure 7-23. Software Processing Flow in One-Shot Pulse Output Mode (2/2)

<1> Count operation start flow

o )

Register initial setting
TAB1CTLO register
(TAB1CKSO to TAB1CKS2 bits),
TAB1CTLA1 register,
TAB1I0CO register,
TAB1I0C2 register,
TAB1CCRO to TAB1CCR3 registers

TAB1CE bit =1

Remark m=0to 3

<2> TAB1CCRO to TAB1CCRS3 register setting change flow

The initial setting of these
registers is performed
before setting the
TAB1CE bit to 1.

Setting of TAB1CCRO to
TAB1CCRS3 registers

<3> Count operation stop flow

The TAB1CKSO to
TAB1CKS2 bits can be
set at the same time
when counting has been
started (TAB1CE bit = 1).
Trigger wait status

TAB1CE bit=0

=

As rewriting the
TAB1CCRm register
immediately sends the
data to the CCRm
buffer register, rewriting
immediately after

the generation of the
INTTAB1CCRO signal
is recommended.

Count operation is
stopped
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(2) Operation timing in one-shot pulse output mode

(a) Notes on rewriting TAB1CCRm register
To change the set value of the TAB1CCRm register to a smaller value, stop counting once, and then change
the set value.
If the value of the TAB1CCRO register is rewritten to a smaller value during counting, the 16-bit counter may
overflow.

FFFFH

B Dot Dot

16-bit counter Dxo Dko ~ B
/ D1 D1

0000H

TAB1CE bit

External trigger input |'|
(TRGABT1 pin input)

TABICCRO register X Doo X Doy

INTTAB1CCO signal

TOAB10 pin output
(only when software
trigger is used) ——— I

TAB1CCRKk register

Ld

Dxo X Dkt

INTTAB1CCk signal

TOAB/1k pin output

!

Delay Delay Delay
(Dxo) (10000H + D«1) (D)
Active level width Active level width Active level width
(Doo — Dko + 1) (Dot — Dkt + 1) (Dot — Dkt + 1)

When the TAB1CCRO register is rewritten from Doo to Do1 and the TAB1CCRKk register from Dko to Dkt where
Doo > Dot and Dko > D1, if the TAB1CCRKk register is rewritten when the count value of the 16-bit counter is
greater than Dk1 and less than Dko and if the TAB1CCRO register is rewritten when the count value is greater
than Dot and less than Doo, each set value is reflected as soon as the register has been rewritten and
compared with the count value. The counter counts up to FFFFH and then counts up again from OOOOH.
When the count value matches Dki, the counter generates the INTTAB1CCk signal and asserts the TOAB1k
pin. When the count value matches Do, the counter generates the INTTAB1CCO signal, deasserts the
TOAB1k pin, and stops counting.

Therefore, the counter may output a pulse with a delay period or active period different from that of the one-
shot pulse that is originally expected.

Remark k=1t03
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(b) Generation timing of compare match interrupt request signal (INTTAB1CCKk)
The generation timing of the INTTAB1CCk signal in the one-shot pulse output mode is different from other
INTTAB1CCk signals; the INTTAB1CCk signal is generated when the count value of the 16-bit counter matches
the value of the TAB1CCRKk register.

Count clock
16-bit counter Dk-2 X Dk -1 Dk X Dk +1 X Dk +2
TAB1CCRK register Dk

TOAB/1k pin output

INTTAB1CCk signal

Usually, the INTTAB1CCk signal is generated when the 16-bit counter counts up next time after its count value
matches the value of the TAB1CCRKk register.

In the one-shot pulse output mode, however, it is generated one clock earlier. This is because the timing is
changed to match the change timing of the TOAB1k pin.

Remark k=1t03
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7.5.5 PWM output mode (TAB1MD2 to TAB1MDO bits = 100)
In the PWM output mode, a PWM waveform is output from the TOAB11 to TOAB13 pins when the TAB1CTLO.TAB1CE

bit is set to 1.

In addition, a pulse with one cycle of the PWM waveform as half its cycle is output from the TOAB10 pin.

Figure 7-24. Configuration in PWM Output Mode

—(© TOAB11 pin

INTTAB1CC1 signal

—~©) TOAB12 pin

il Transfer |

TAB1CCR1
register
{ ‘ Transfer
Z
- Output
CCR1.buffer controller
register R (Rs-FF)
& Match signal (
PN ‘
TAB1CCR2
register
i ‘ Transfer
} _— Output
CCRZ_bUffel’ controller
register R (RS-FF)
{} Match signal (
TAB1CCR3
register

INTTAB1CC2 signal

—(© TOAB13 pin

INTTAB1CC3 signal

O TOAB10 pin

. .| Output
CCRS_buffer controller
register R (RS-FF)
& Match signal (
Clear |
Count
. Output
cIoc!< >—- 16-bit counter | controller
selection
{} Match signal
TAB1CE bit CCRO buffer register
{ ‘ Transfer

TAB1CCRO register

INTTAB1CCO signal
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Figure 7-25. Basic Timing in PWM Output Mode

FFFFH

Do Do Do Do
Ds_~1 Ds _A1 Ds _A Ds_~1
16-bit counter D2 / D2 / D2 / DzZ
D1~ D1 Z D1 D1 /
0000H
TAB1CE bit
TAB1CCRO register x Do
INTTAB1CCO signal -| -| -| L

TOAB10 pin output

TAB1CCR1 register x D+

INTTAB1CC1 signal -| -| -| -|

TOAB11 pin output

Active Active Active Active
level width level width level width level width
(D1) (D1) (D1) (D1)
TAB1CCR2 register x D2
INTTAB1CC2 signal -| -| -| -|
TOAB12 pin output
Active Active Active Active
level width level width level width level width
(D2) (D2) (D2) (D2)
TAB1CCRB3 register x Ds
INTTAB1CCS3 signal -| -| -| -|
TOAB13 pin output
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 TAB1CE bit is set to 1, the 16-bit counter is cleared from FFFFH to 0000H, starts counting, and outputs a
PWM waveform from the TOAB1k pin.
The active level width, cycle, and duty factor of the PWM waveform can be calculated as follows.

Active level width = (Set value of TAB1CCRKk register) x Count clock cycle
Cycle = (Set value of TAB1CCRO register + 1) x Count clock cycle
Duty factor = (Set value of TAB1CCRKk register)/(Set value of TAB1CCRO register + 1)

The PWM waveform can be changed by rewriting the TAB1CCRm register while the counter is operating. The newly
written value is reflected when the count value of the 16-bit counter matches the value of the CCRO buffer register and the
16-bit counter is cleared to 0000H.

The compare match interrupt request signal (INTTAB1CCO) is generated when the 16-bit counter counts up next time
after its count value matches the value of the CCRO buffer register, and the 16-bit counter is cleared to 0000H. The
compare match interrupt request signal (INTTAB1CCKk) is generated when the count value of the 16-bit counter matches
the value of the CCRk buffer register.

Remark k=1103,
m=0to 3

Figure 7-26. Setting of Registers in PWM Output Mode (1/3)

(a) TAB1 control register 0 (TAB1CTLO)

TAB1CE TAB1CKS2 TAB1CKS1 TAB1CKSO0

TAB1CTLO| 01 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 0/1 ‘ 01 |

Select count clock

0: Stop counting
1: Enable counting

(b) TAB1 control register 1 (TAB1CTL1)

TAB1SYE TAB1ESTTAB1EEE TAB1MD2TAB1MD1 TAB1MDO

TAB1CTL1 | 0 ‘ 0 ‘ 0/1 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 0 |

1,0,0:
PWM output mode

0: Operate on count clock
selected by TAB1CKSO0 to
TAB1CKS2 bits

1: Count by external event
count input signal
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Figure 7-26. Setting of Registers in PWM Output Mode (2/3)

(c) TAB1 I/O control register 0 (TAB110C0)

TAB10L3 TAB1OE3 TAB10L2 TAB1OE2 TAB1OL1 TAB1OE1 TAB10OLO TAB1OEO
TAB1IOCO| 0/ \ 0/ \ 0/ \ 0/ \ 0/1 \ 0/1 \0/1"“e

0/1 Note

0: Disable TOAB10 pin output
1: Enable TOAB10 pin output

Setting of output level while
operation of TOAB10 pin is disabled

0: Low level

1: High level

0: Disable TOAB11 pin output
1: Enable TOAB11 pin output

Specification of active level of
TOAB11 pin output

0: Active-high

1: Active-low

0: Disable TOAB12 pin output
1: Enable TOAB12 pin output

Specification of active level
of TOAB12 pin output

0: Active-high

1: Active-low

0: Disable TOAB13 pin output
1: Enable TOAB13 pin output

Specification of active level
of TOAB13 pin output

0: Active-high

1: Active-low

e When TAB10OLk bit = 0 e When TAB10Lk bit = 1

16-bit counter /I/I/I/I/ 16-bit counter /I/I/I/I/

TOAB1k pinoutput _ 1L 1L I — TOAB1kpinoutout —_ 11 I 1L __

(d) TAB1 I/O control register 2 (TAB110C2)

TAB1EES1 TAB1EESO TAB1ETS1 TAB1ETSO
TAB1IOCZ|0‘O‘0‘0‘0/1‘0/1‘0‘0|

Select valid edge
of external event
count input.

(e) TAB1 counter read buffer register (TAB1CNT)
The value of the 16-bit counter can be read by reading the TAB1CNT register.

Note Clear this bit to 0 when the TOAB10 pin is not used in the PWM output mode.
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Figure 7-26. Register Setting in PWM Output Mode (3/3)

(f) TAB1 capture/compare registers 0 to 3 (TAB1CCRO to TAB1CCR3)

If Do is set to the TAB1CCRO register and D« to the TAB1CCRKk register, the cycle and active level of the
PWM waveform are as follows.

Cycle = (Do + 1) x Count clock cycle
Active level width = Dk x Count clock cycle

Remarks 1. TAB1 I/O control register 1 (TAB1IOC1) and TAB1 option register 0 (TAB1OPTO) are not
used in the PWM output mode.

2. Updating TAB1 capture/compare register 2 (TAB1CCR2) and TAB1 capture/compare register
3 (TAB1CCRBQ) is enabled by writing TAB1 capture/compare register 1 (TAB1CCR1).
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(1) Operation flow in PWM output mode

Figure 7-27. Software Processing Flow in PWM Output Mode (1/2)

FFFFH
Dot
16-bit counter Dooh D / D Dog Dog D Dog D Doy
DﬁLZ’ ng D21§Z Dsc/ D21§Z D21§Z
Dio %Z D11~ D11 m%wz D; D11

0000H
TAB1CE bit

TAB1CCRO register X | Doo Dot X Doo

CCRO buffer register Doo Dor Doo

INTTAB1CCO signal -| -| -| -| -| -|

TOAB10 pin output

TAB1CCR1 register x D1o D11 X D11 D10 D1o D11

CCR1 buffer register D1o D11 D11 D1o D1o D11

INTTAB1CC1 signal -| -| -| -| -| -|

TOAB11 pin output

TAB1CCR2 register x D20 Da1 D20 D21

CCR2 buffer register D20 D21 D20 D21

INTTAB1CC2 signal -| -| -| -| -| -|

TOAB12 pin output

TAB1CCRS3 register x Dao Dat Dso Da1

CCRS buffer register Daso Ds1 Dao Ds1

INTTAB1CCS signal H H ” H ” ”

TOAB13 pin output

I ? b ?

<1> <2> <3> <4> <5> <6> <7>
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Figure 7-27. Software Processing Flow in PWM Output Mode (2/2)

START

Register initial setting
TAB1CTLO register
(TAB1CKSO to TAB1CKS2
bits),
TAB1CTLA1 register,
TAB1IOCO register,
TAB1I0C2 register,
TAB1CCRO to TAB1CCR3
registers

TAB1CE bit = 1

setting change flow
|
Setting of TAB1CCRO, TAB1CCR2,
and TAB1CCR3 registers

Setting of TAB1CCR1 register

|

Setting of TAB1CCRO register

Setting of TAB1CCR1 register

Remark k=1103,
m=0to 3

<1> Count operation start flow

The initial setting of these
registers is performed
before setting the
TAB1CE bit to 1.

The TAB1CKSO to
TAB1CKS2 bits can be
set at the same time
when counting is

enabled (TAB1CE bit = 1).

<2> TAB1CCRO to TAB1CCRS register

Writing the TAB1CCRH1
register must be performed
after writing the TAB1CCRO,
TAB1CCR2, and TAB1CCR3
registers.

When the counter is cleared
after setting, the value

of the TAB1CCRm register is
transferred to the CCRm buffer
registers.

<3> TAB1CCRO register setting change flow

Writing the same value
to TAB1CCR1 is
necessary only when the
set cycle is changed.

When the counter is
cleared after setting, the
value of the TAB1CCRm
register is transferred to
the CCRm buffer register.

<4> TAB1CCR1 to TAB1CCRS register

setting change flow

|

Setting of TAB1CCR2,
TAB1CCRS3 registers

Setting of TAB1CCR1 register

Writing the TAB1CCR1 register
must be performed only when

the set duty factor is changed
after writing the TAB1CCR2 and
TAB1CCRS registers.

When the counter is cleared after
setting, the value of the
TAB1CCRm register is transferred
to the CCRm buffer register.

<5> TAB1CCR2, TAB1CCRa3 register

setting change flow

|

Setting of TAB1CCR2,
TAB1CCRS registers

Setting of TAB1CCR1 register

Writing the same value to the
TAB1CCR1 register is necessary
only when the set duty factor of
TOAB12 and TOAB13 pin
outputs is changed.

When the counter is

cleared after setting,

the value of the TAB1CCRm
register is transferred to

the CCRm buffer register.

<6> TAB1CCRI1 register setting change flow

|

Setting of TAB1CCR1 register

The TAB1CCR1 register only needs
to be written, only when the set duty
factor is changed.

When the counter is cleared after
setting, the value of the TAB1CCRm
register is transferred to the CCRm
buffer register.

<7> Count operation stop flow

TAB1CE bit=0

STOP

Counting is stopped.
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(2) PWM output mode operation timing

(a) Changing pulse width during operation
To change the PWM waveform while the counter is operating, write the TAB1CCR1 register last.
Rewrite the TAB1CCRKk register after writing the TAB1CCR1 register after the INTTAB1CC1 signal is detected.

FFFFH
Dot Do1
hi Doo Doo Doo D31 D31
16-bit counter Dao Dao Dao A D21 /1 D21 A1
b D20 /1 b D20 b D20 D11 D11
0000H 10 /T 10 ] 10 /]
TAB1CE bit
TAB1CCRO register x Doo Dot
CCRO buffer register Doo Dot

INTTAB1CCO signal _| —| _| —| —|_

TOAB10 pin output

D1o D11

L]

TAB1CCR1 register

CCR1 buffer register D1o D11

INTTAB1CC1 signal —| —| —| _| —|

TOAB11 pin output

TAB1CCR2 register x D20 D21

CCR2 buffer register D20 Da1

INTTAB1CC2 signal —| —| —| —| —|

TOAB12 pin output

TAB1CCRS register X Dso X Da1

CCRB3 buffer register D3o Dat

INTTAB1CCS signal —| —| —| —| —|

TOAB13 pin output
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To transfer data from the TAB1CCRm register to the CCRm buffer register, the TAB1CCR1 register must be
written.

To change both the cycle and active level of the PWM waveform at this time, first set the cycle to the
TAB1CCRO register, set the active level width to the TAB1CCR2 and TAB1CCRS3 registers, and then set the
active level width to the TAB1CCR1 register.

To change only the cycle of the PWM waveform, first set the cycle to the TAB1CCRO register, and then write
the same value to the TAB1CCR1 register.

To change only the active level width (duty factor) of the PWM wave, first set the active level to the TAB1CCR2
and TAB1CCRS registers, and then set the active level to the TAB1CCR1 register.

To change only the active level width (duty factor) of the PWM waveform output by the TOAB11 pin, only the
TAB1CCR1 register has to be set.

To change only the active level width (duty factor) of the PWM waveform output by the TOAB12 and TOAB13
pins, first set the active level width to the TAB1CCR2 and TAB1CCRS3 registers, and then write the same value
to the TAB1CCR1 register.

After the TAB1CCR1 register is written, the value written to the TAB1CCRm register is transferred to the CCRm
buffer register in synchronization with the timing of clearing the 16-bit counter, and is used as the value to be
compared with the value of the 16-bit counter.

To write the TAB1CCRO to TAB1CCRS3 registers again after writing the TAB1CCR1 register once, do so after
the INTTAB1CCO signal is generated. Otherwise, the value of the CCRm buffer register may become
undefined because the timing of transferring data from the TAB1CCRm register to the CCRm buffer register
conflicts with writing the TAB1CCRm register.

Remark m=0t03
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(b) 0%/100% output of PWM waveform
To output a 0% waveform, set the TAB1CCRKk register to 0000H. If the set value of the TAB1CCRO register is
FFFFH, the INTTAB1CCk signal is generated periodically.

Count clock | | | | | | | | | | | | | | | | | |
16-bit counter  FFFF X 0000 ::XDO_1X Do OOOOX 0001 x ::XDO—1X Do 0000 x
{ ( { (
)] 1)
TAB1CE bit
{ {
)] 1)
TAB1CCRO register Do Do Do
{ {
y X
TAB1CCRKk register 0000H ) 0000H ) 0000H
)] 1)
INTTAB1CCO signal N N
)] 1)
INTTAB1CCk signal

TOAB1k pin output L

Remark k=1t03

To output a 100% waveform, set a value of “set value of TAB1CCRO register + 1” to the TAB1CCRK register. If
the set value of the TAB1CCRO register is FFFFH, 100% output cannot be produced.

Count clock | | | | | | | | | | | | | | | | | |
16-bit counter  FFFF X 0000 ;:XDO - 1X Do 0000 X 0001 x :XDO— 1X Do 0000 x
)] 1)
TAB1CE bit
4 45
TAB1CCRO register Do Do Do
{ {
y X
TAB1CCRKk register Do + 1 B Do + 1 ) Do + 1
)] 1)
INTTAB1CCO signal N | N |
)] 1)
INTTAB1CCk signal N N
s 22
)) 1)
TOAB/1Kk pin output
Remark k=1t03
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(c) Generation timing of compare match interrupt request signal (INTTAB1CCKk)
The timing of generation of the INTTAB1CCk signal in the PWM output mode differs from the timing of other
INTTAB1CCk signals; the INTTAB1CCk signal is generated when the count value of the 16-bit counter matches
the value of the TAB1CCRKk register.

Count clock
16-bit counter Dk-2 X Dk -1 Dk X Dk + 1 X Dk + 2
CCRk buffer register D«

TOAB/1k pin output

INTTAB1CCk signal

Remark k=1to3

Usually, the INTTAB1CCk signal is generated in synchronization with the next counting up after the count value
of the 16-bit counter matches the value of the TAB1CCRKk register.

In the PWM output mode, however, it is generated one clock earlier. This is because the timing is changed to
match the change timing of the output signal of the TOAB1k pin.
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7.5.6 Free-running timer mode (TAB1MD2 to TAB1MDO bits = 101)

In the free-running timer mode, TAB1 starts counting when the TAB1CTLO.TAB1CE bit is set to 1. At this time, the
TAB1CCRm register can be used as a compare register or a capture register, according to the setting of the
TAB10OPTO0.TAB1CCSO0 and TAB1OPTO0.TAB1CCS1 bits.

Remark m=0to 3

Figure 7-28. Configuration in Free-Running Timer Mode
TAB1CCR3 Outout _
register com,ﬁ”e, —(© TOAB13 pin output
(compare)
TAB1CCR2 Output
register controller [ ——© TOAB12 pin output
(compare)
TAB1CCR1 Output _
register contrgller —(© TOAB11 pin output
(compare)
TAB1CCRO
~ Output .
register —<— = contr?)ller —(© TOAB10 pin output
(compare)
PN
— TAB1CCSO0,
Internal count clock —=| Count TAB1CCS1 bits
clock o (capture/compare
EVTAB1 pin Edae | selection selection)
(external event dete?:tor
count input _bi i
put) TAB1CE 16-bit counter 0 INTTAB1OV signal
bit 0
Edge INTTAB1CCS signal
detector 1
L~
TAB1CCRO ol
register ] INTTAB1CC2 signal
t
TIAB11 pin ©O— Edge (capture) >
_ (capture detector 0
trigger input) INTTAB1CCH1 signal
TAB1CCR1 1
register —
. (capture) 0
TIAB12 pin O—={ Egge INTTAB1CCO signal
(capture detector 1
trigger input)
TAB1CCR2
register
TIAB13 pin O—=| ggq0 (capture)
(capture detector
trigger input)
TAB1CCR3
register
(capture)
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When the TAB1CE bit is set to 1, TAB1 starts counting, and the output signals of the TOAB10 to TOAB13 pins are
inverted. When the count value of the 16-bit counter subsequently matches the set value of the TAB1CCRm register, a
compare match interrupt request signal (INTTAB1CCm) is generated, and the output signal of the TOAB1m pin is inverted.

The 16-bit counter continues counting in synchronization with the count clock. When it counts up to FFFFH, it
generates an overflow interrupt request signal (INTTAB10V) at the next clock, is cleared to 0000H, and continues counting.
At this time, the overflow flag (TAB1OPT0.TAB1OVF bit) is also set to 1. Clear the overflow flag to 0 by executing the CLR
instruction by software.

The TAB1CCRm register can be rewritten while the counter is operating. If it is rewritten, the new value is reflected at
that time, and compared with the count value.

Remark m=0to 3

Figure 7-29. Basic Timing in Free-Running Timer Mode (Compare Function)

FFFFH Doo Doo

Do Z Dso Z Dot Dot
D2o

bi /
16-bit counter Do/ / Dot /] Dzt /]
D11 D11 1

0000H
TAB1CE bit

TAB1CCRO register Doo Dot

=1

INTTAB1CCO signal

TOAB10 pin output

=1

TAB1CCRI1 register D11

INTTAB1CC1 signal

TOAB11 pin output

TAB1CCR2 register D20 Do1

L

INTTAB1CC2 signal I_l

TOAB12 pin output

=1

TAB1CCRS3 register Dao X Dot

INTTAB1CCS signal

TOAB13 pin outputN°te

INTTAB10V signal

TAB1OVF bit

Clearedto 0 by Clearedto 0 by Cleared to 0 by
CLR instruction CLR instruction CLR instruction
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When the TAB1CE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TAB1m pin is
detected, the count value of the 16-bit counter is stored in the TAB1CCRm register, and a capture interrupt request signal
(INTTAB1CCm) is generated.

The 16-bit counter continues counting in synchronization with the count clock. When it counts up to FFFFH, it
generates an overflow interrupt request signal (INTTAB10V) at the next clock, is cleared to 0000H, and continues counting.
At this time, the overflow flag (TAB1OVF bit) is also set to 1. Clear the overflow flag to 0 by executing the CLR instruction
by software.

Remark m=0to 3

Figure 7-30. Basic Timing in Free-Running Timer Mode (Capture Function)

FFFFH D1o Da1 Ds2 D

Dao D21 Z D22 Das

Doo D11 Z
16-bit counter D20 Doz Dis
/ Dot D1zz Dos
0000H / / / /

TAB1CE bit

N
@

A\

TIAB10 pin input |_

TAB1CCRO register 0000 Doo Dot Doz Dos

INTTAB1CCO signal —l —l _l —l

TIAB11 pin input |_

TAB1CCR1 register 0000 D1o D11 D12 D13

INTTAB1CC1 signal —l _| _| _|

TIAB12 pin input

TAB1CCR2 register 0000 D2o D21 D22 D23

INTTAB1CC2 signal —l —l —l —l

TIAB13 pin input

TAB1CCRS register 0000 D30 Ds1 D32 D33

INTTAB1CCS3 signal _| -| _| -|
INTTAB10V signal _| -| _| |

TAB1OVF bit

T

Clearedto O by Clearedto 0 by Cleared to 0 by
CLR instruction CLR instruction CLR instruction
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Figure 7-31. Register Setting in Free-Running Timer Mode (1/3)

(a) TAB1 control register 0 (TAB1CTLO0)
TABICE TAB1CKS2 TAB1CKS1 TAB1CKSO
TAB1CTLO | o ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ o ‘ 0/1 ‘ o |

Select count clock

0: Stop counting
1: Enable counting

Note The setting is invalid when the TAB1CTL1.TAB1EEE bit = 1

(b) TAB1 control register 1 (TAB1CTL1)
TAB1EST TAB1EEE TAB1MD2 TAB1MD1 TAB1MDO
TAB1CTL1 | 0 ‘ 0 ‘ o ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 1 |

1,0, 1:
Free-running mode

0: Operate with count
clock selected by
TAB1CKSO to TAB1CKS2 bits
1: Count by external
event count input signal

(c) TAB1 I/O control register 0 (TAB110C0)
TAB10L3 TAB1OE3 TAB10L2 TAB10E2 TAB10L1 TAB1OE1 TAB10OLO TAB10OEO
TaBtioco [ o | o | on | on | o | on | on | o |

L 0: Disable TOAB10 pin output
1: Enable TOAB10 pin output

Setting of output level with
operation of TOAB10 pin disabled
0: Low level

1: High level

0: Disable TOAB11 pin output
1: Enable TOAB11 pin output

Setting of output level with
operation of TOAB11 pin
disabled

0: Low level

1: High level

0: Disable TOAB12 pin output
1: Enable TOAB12 pin output

Setting of output level with
operation of TOAB12 pin
disabled

0: Low level

1: High level

0: Disable TOAB13 pin output
1: Enable TOAB13 pin output

Setting of output level with
operation of TOAB13 pin
disabled

0: Low level

1: High level
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Figure 7-31. Register Setting in Free-Running Timer Mode (2/3)

(d) TAB1 I/O control register 1 (TAB110C1)

TABIIS7 TAB1IS6 TAB1IS5 TAB1IS4 TAB1IS3 TAB1IS2 TAB1IS1 TAB1ISO
TAB1IOC1| o \ 0/1 \ 0/ \ 0/1 \ 0/1 \ 0/1 \ 0/ \ 0/1 |

L L [ ]
Select valid edge

of TIAB10 pin input

Select valid edge
of TIAB11 pin input

Select valid edge
of TIAB12 pin input

Select valid edge
of TIAB13 pin input

(e) TAB1 I/O control register 2 (TAB110C2)

TAB1EES1 TAB1EESO TAB1ETS1 TAB1ETSO
TAB110C2 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0 ‘ 0 |

Select valid edge of
external event count input

(f) TAB1 option register 0 (TAB1OPTO0)

TAB1CCS3 TAB1CCS2 TAB1CCS1 TAB1CCS0 TAB10OVF
TAB10OPTO | 01 ‘ 01 ‘ 0/1 ‘ 0/1 ‘

o
o
o

o |

L Overflow flag

Specifies if TAB1CCRO
register functions as
capture or compare register

Specifies if TAB1CCR1
register functions as
capture or compare register

Specifies if TAB1CCR2
register functions as
capture or compare register

Specifies if TAB1CCR3
register functions as
capture or compare register

(g) TAB1 counter read buffer register (TAB1CNT)
The value of the 16-bit counter can be read by reading the TAB1CNT register.
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Figure 7-31. Register Setting in Free-Running Timer Mode (3/3)

(h) TAB1 capture/compare registers 0 to 3 (TAB1CCRO to TAB1CCR3)
These registers function as capture registers or compare registers according to the setting of the
TAB1OPTO0.TAB1CCSm bit.
When the registers function as capture registers, they store the count value of the 16-bit counter when
the valid edge input to the TIAB1m pin is detected.
When the registers function as compare registers and when Dm is set to the TAB1CCRm register, the
INTTAB1CCm signal is generated when the counter reaches (Dm + 1), and the output signal of the
TOAB1m pin is inverted.

Remark m=0t03
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(1) Operation flow in free-running timer mode
(a) When using capture/compare register as compare register

Figure 7-32. Software Processing Flow in Free-Running Timer Mode (Compare Function) (1/2)

FFFFH D2y D21
Dog Doo,
DsoZ DsoZ Dot Dot
16-bit counter sz sz Ds1/ Day/
D1o Dio
Du//j Du{;7 D11

0000H
TAB1CE bit

TAB1CCRO register x Doo * Dot

| Set value changed

INTTAB1CCO signal

TOAB10 pin output

TAB1CCR1 register x D1o D11

Set value changed

INTTAB1CC1 signal -| -| -| -| -I_

TOAB11 pin output

TAB1CCR2 register x D20 D2

Set value changed

INTTAB1CC2 signal -| -|

TOAB12 pin output

TAB1CCRS3 register x Dso Dat
Set value charlred

INTTAB1CCS signal -|

TOAB13 pin output

INTTAB10QV signal -| -| -| -|

TAB10OVF bit
<1> Clearedto O by Clearedto 0 by Cleared to 0 by <3>
CLR instruction CLR instruction CLR instruction
<2> <2> <2>
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Figure 7-32. Software Processing Flow in Free-Running Timer Mode (Compare Function) (2/2)

<1> Count operation start flow

(o )

Register initial setting The initial setting of these registers
TAB1CTLO register is performed before setting the
(TAB1CKSO to TAB1CKS2 bits), TAB1CE bit to 1.

TAB1CTLA1 register,
TAB1I0OCO register,
TAB1I0OC2 register,
TAB10OPTO register,
TAB1CCRO to TAB1CCR3
registers

The TAB1CKSO0 to TAB1CKS2 bits
TAB1CE bit = 1 can be set at the same time

when counting has been started
(TAB1CE bit = 1).

<2> Overflow flag clear flow

Read TAB1OPTO register
(check overflow flag).

TAB10OVF bit =1

Execute instruction to clear
TAB10OVF bit (CLR TAB1OVF).

<3> Count operation stop flow

The counter is initialized and
TAB1CE bit =0 counting is stopped by

clearing the TAB1CE bit to 0.
(s )
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(b) When using capture/compare register as capture register

Figure 7-33. Software Processing Flow in Free-Running Timer Mode (Capture Function) (1/2)

FFFFH

16-bit counter

0000H
TAB1CE bit

TIAB10 pin input

TAB1CCRO register

INTTAB1CCO signal

TIAB11 pin input

TAB1CCRI1 register

INTTAB1CC1 signal

TIAB12 pin input

TAB1CCR2 register

INTTAB1CC2 signal

TIAB13 pin input

TAB1CCRS register

INTTAB1CCS signal

INTTAB10V signal

TAB10OVF bit

DzoZ

Dso Z

Doo /| on /] B /f

D21 7 D22 7 Dss 7

Doz/ D13
Dot D1zz Dan

0000 Doo Dot Doz Dos 0000
0000 D1o D11 D12 D13 0000
0000 D2o D21 D22 D23 [ 0000

0000

Dao D31 D32 D33 0000

<1>

T T

Clearedto O by Clearedto 0 by Cleared to 0 by <3>
CLR instruction CLR instruction CLR instruction

T

<2> <2> <2>
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Figure 7-33. Software Processing Flow in Free-Running Timer Mode (Capture Function) (2/2)

<1> Count operation start flow

C smr )

Register initial setting The initial setting of these registers

TAB1CTLO register is performed before setting the
(TAB1CKSO0 to TAB1CKS2 bits), TAB1CE bit to 1.

TAB1CTLA1 register,
TAB1I0C1 register,
TAB10OPTO register

The TAB1CKSO0 to TAB1CKS?2 bits can
TAB1CE bit = 1 be set at the same time when counting
has been started (TAB1CE bit = 1).

<2> Overflow flag clear flow

Read TAB1OPTO register
(check overflow flag).

TAB1OVF bit = 1

Execute instruction to clear
TAB10OVF bit (CLR TAB10OVF).

<3> Count operation stop flow

The counter is initialized and
TAB1CE bit =0 counting is stopped by

clearing the TAB1CE bit to 0.
C s )
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(2) Operation timing in free-running timer mode

(a) Interval operation with compare register
When TABH1 is used as an interval timer with the TAB1CCRm register used as a compare register, software

processing is necessary for setting a comparison value to generate the next interrupt request signal each time
the INTTAB1CCm signal has been detected.

FFFFH

16-bit counter

0000H

TAB1CE bit

TAB1CCRO register

INTTAB1CCO signal

TOAB10 pin output

TAB1CCR1 register

INTTAB1CC1 signal

TOAB11 pin output

TAB1CCR2 register

INTTAB1CC2 signal

TOAB12 pin output

TAB1CCRS register

INTTAB1CCS3 signal

TOAB13 pin output

D D11 5 Doa

30_A 13

Do = Da1 Z

D22 1
D D20 Dos 1
Doo £Z D12 Z
/ D
Dz?ﬁ 23/

Doo Dot Doz X Dos Doa X Dos

Interval period  Int

erval period Interval period Interval p

eriod Interval period

(Doo + 1) (Dot —Doo) ~ (10000H + (Dos — Do2) (Dos — Dog)
Poz - Do1) ‘ ‘
D1o D11 X D12 X D1s X D14

Interval period
(D10 +1)

Interval period
(D11 - Do)

Interval period
(10000H + D12 - D11

Interval period
) (D1s-Dr)

D2o

D

D22 D23

I

Interval period

(D20 + 1)

Interval period

(10000H + D21 — D20) (D22 —

Interval period  Interval period

D21) (10000H + D23 — D22)

Dso

™ o

1 X Ds2

Interval period

(Dso +

Interval peri
1) (10000H + D+

od
— D3o)
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When performing an interval operation in the free-running timer mode, four intervals can be set with one
channel.

To perform the interval operation, the value of the corresponding TAB1CCRm register must be re-set in the
interrupt servicing that is executed when the INTTAB1CCm signal is detected.

The set value for re-setting the TAB1CCRm register can be calculated by the following expression, where “Dm”
is the interval period.

Compare register default value: Dm — 1

Value set to compare register second and subsequent times: Previous set value + Dm

(If the calculation result is greater than FFFFH, subtract 10000H from the result and set this value to the
register.)

Remark m=0to0 3
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(b) Pulse width measurement with capture register
When pulse width measurement is performed with the TAB1CCRm register used as a capture register,
software processing is necessary for reading the capture register each time the INTTAB1CCm signal has been
detected and for calculating an interval.

FFFFH D1o Dst1 / D13 D23
Dao Z Da1 Z Da2 Z Das Z
Doo Z D11
16-bit counter Dzo /1 Doz D22
Do1 D1zz DosZ
0000H
TAB1CE bit
TIAB10 pin input —l —l
TAB1CCRO register 0000 Doo Dot Doz Dos
INTTAB1CCO signal —l _| _| _|
Pulse interval Pulse interval  Pulse interval Pulse interval
(Doo + 1) (10000H + (10000H + (10000H +
Dot — Doo) Doz — Do1) Dos — Doz2)
TIAB11 pin input |_
TAB1CCR1 register 0000 D1o D11 D12 D13
INTTAB1CC1 signal —l _| —l —l
Pulse interval Pulse interval Pulse interval Pulse interval
(D10 + 1) (10000H +  (10000H +  (D1s—D12)
D11 —D1o) D12—D11)
TIAB12 pin input
TAB1CCR2 register 0000 D20 Da1 D22 Da2s
INTTAB1CC2 signal _| —l —l _|
Pulse interval Pulse interval Pulse interval Pulse interval
(D20 + 1) (10000H + (20000H + (D23 — D22)
D21 — D2o) D22 — D21)
TIAB13 pin input |
TAB1CCRB3 register 0000 Dao Dat Da2 Das
INTTAB1CC3 signal —l _| —l —l
Pulse interval Pulse interval Pulse interval Pulse interval
(Dso + 1) (10000H + (10000H + (10000H +
D31 — Do) D32 — Da1) D33 — Da2)
INTTAB1QV signal _| _| _| |
TAB1OVF bit

Clearedto 0 by Clearedto 0 by Cleared to 0 by

CLR instruction

CLR instruction CLR instruction
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When executing pulse width measurement in the free-running timer mode, four pulse widths can be measured
with one channel.

To measure a pulse width, the pulse width can be calculated by reading the value of the TAB1CCRm register in
synchronization with the INTTAB1CCm signal, and calculating the difference between the value read this time
and the previously read value.

Remark m=0t03
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(c) Processing of 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.

Example of incorrect processing when two or more capture registers are used

FFFFH

D11
16-bit counter Df /
Dot

0000H

TAB1CE bit

TIAB10 pin input -| -|

TAB1CCRO register Doo Dot

TIAB11 pin input -| -|

TAB1CCR1 register D1o D11

INTTAB10V signal -| -|

TAB10OVF bit

<1> <2> <3> <4>

The following problem may occur when two pulse widths are measured in the free-running timer mode.

<1> Read the TAB1CCRO register (setting of the default value of the TIAB10 pin input).
<2> Read the TAB1CCR1 register (setting of the default value of the TIAB11 pin input).
<3> Read the TAB1CCRO register.
Read the overflow flag. If the overflow flag is 1, clear it to 0.
Because the overflow flag is 1, the pulse width can be calculated by (10000H + Dot — Doo).
<4> Read the TAB1CCR1 register.
Read the overflow flag. Because the flag is cleared in <3>, 0 is read.
Because the overflow flag is 0, the pulse width can be calculated by (D11 — D10) (incorrect).

When two or more capture registers are used, and if the overflow flag is cleared to 0 by one capture register,
the other capture register may not obtain the correct pulse width.
Use software when using two or more capture registers. An example of how to use software is shown below.
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(1/2)

Example when two capture registers are used (using overflow interrupt)

FFFFH

D11
16-bit counter Df /
Dot

Doo
0000H

TAB1CE bit

—
—

INTTAB10V signal

TAB10OVF bit —| —|

TAB10OVFO flaghete

TIAB10 pin input

TAB1CCRO register Doo Dot

TAB10OVF1 flaghet

TIAB11 pin input

TAB1CCR1 register D1o D1

<1> <2> <3> <4> <5> <6>

Note The TAB1OVFO and TAB1OVF1 flags are set in the internal RAM by software.

<1> Read the TAB1CCRO register (setting of the default value of the TAB10 pin input).

<2> Read the TAB1CCRT1 register (setting of the default value of the TAB11 pin input).

<3> An overflow occurs. Set the TAB1OVF0 and TAB1OVF1 flags to 1 in the overflow interrupt servicing,
and clear the overflow flag to 0.

<4> Read the TAB1CCRO register.
Read the TAB1OVFO flag. If the TAB1OVFO flag is 1, clear it to 0.
Because the TAB1OVFO flag is 1, the pulse width can be calculated by (10000H + Dot — Doo).

<5> Read the TAB1CCR1 register.
Read the TAB1OVF1 flag. If the TAB1OVF1 flag is 1, clear it to O (the TAB1OVFO flag is cleared in
<4>, and the TAB1OVF1 flag remains 1).
Because the TAB1OVF1 flag is 1, the pulse width can be calculated by (10000H + D11 — D1o)
(correct).

<6> Same as <3>
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2/2)
Example when two capture registers are used (without using overflow interrupt)
FFFFH
D11
16-bit counter Df /
Doo Dot
0000H
TAB1CE bit
INTTAB10V signal -| -|
TAB10OVF bit
TAB10OVFO flagN°te
TIAB10 pin input
TAB1CCRO register Doo Dot
TAB10OVF1 flagNe®
TIAB11 pin input
TAB1CCR1 register D1o D1
<1> <2> <3> <4> <5> <6>
Note The TAB1OVFO and TAB1OVF1 flags are set in the internal RAM by software.
<1> Read the TAB1CCRO register (setting of the default value of the TAB10 pin input).
<2> Read the TAB1CCR1 register (setting of the default value of the TAB11 pin input).
<3> An overflow occurs. Nothing is done by software.
<4> Read the TAB1CCRO register.
Read the overflow flag. If the overflow flag is 1, set only the TAB1OVF1 flag to 1, and clear the
overflow flag to 0.
Because the overflow flag is 1, the pulse width can be calculated by (10000H + Dot — Doo).
<5> Read the TAB1CCR1 register.
Read the overflow flag. Because the overflow flag is cleared in <4>, O is read.
Read the TAB1OVF1 flag. If the TAB1OVF1 flag is 1, clear it to O.
Because the TAB1OVF1 flag is 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 from the first capture trigger to the next. First, an example of incorrect processing is

shown below.

The following problem may occur when a long pulse width is measured in the free-running timer mode.

<1>
<2>
<3>

<4>

Example of incorrect processing when capture trigger interval is long

FFFFH

16-bit counter

0000H

Dmo

Dm/

TAB1CE bit

TIAB1m pin input

TAB1CCRm register

Dmo

Dm1

INTTAB10V signal

TAB10OVF bit

Read the TAB1CCRm register (setting of the default value of the TAB1m pin input).

1 cycle of 16-bit counter

<1> <2>

An overflow occurs. Nothing is done by software.

Pulse width

An overflow occurs a second time. Nothing is done by software.

Read the TAB1CCRm register.

Read the overflow flag. If the overflow flag is 1, clear it to 0.
Because the overflow flag is 1, the pulse width can be calculated by (10000H + Dmi — Dmo)

(incorrect).

Actually, the pulse width must be (20000H + Dm1 — Dmo) because an overflow occurs twice.

Remark m=0to3

<3> <4>

If an overflow occurs twice or more when the capture trigger interval is long, the correct pulse width may not be

obtained.

If the capture trigger interval is long, slow the count clock to lengthen one cycle of the 16-bit counter, or use

software. An example of how to use software is shown next.
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Example when capture trigger interval is long

FFFFH o

16-bit counter

Dm/
0000H

TAB1CE bit

TIAB1m pin input

TAB1CCRm register Dmo D1
INTTAB10QV signal -| -|
TAB10OVF bit —l —l
Overflow counter®' OH X 1H XZH x OH

1 cycle of 16-bit counter

Pulse width

<1> <2> <3> <4>

Note The overflow counter is set arbitrarily by software in the internal RAM.

<1> Read the TAB1CCRm register (setting of the default value of the TAB1m pin input).

<2> An overflow occurs. Increment the overflow counter and clear the overflow flag to 0 in the overflow
interrupt servicing.

<3> An overflow occurs a second time. Increment (+1) the overflow counter and clear the overflow flag to
0 in the overflow interrupt servicing.

<4> Read the TAB1CCRm register.
Read the overflow counter.
When the overflow counter is “N”, the pulse width can be calculated by (N x 10000H + Dm1 — Dmo).
In this example, the pulse width is (20000H + Dm1 — Dmo) because an overflow occurs twice.
Clear the overflow counter (OH).

Remark m=0to 3
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(e) Clearing overflow flag
The overflow flag can be cleared to 0 by clearing the TAB1OVF bit to 0 with the CLR instruction and by writing
8-bit data (bit 0 is 0) to the TAB1OPTO register. To accurately detect an overflow, read the TAB1OVF bit when it
is 1, and then clear the overflow flag by using a bit manipulation instruction.

(i) Operation to write 0 (without conflict with setting) (iii) Operation to clear to 0 (without conflict with setting)
Overflow Overflow
setsignal L setsignal -

0 write signal | 0 write signal |
Overflow fla Register -
(TAB1OVF big \ access signal Read Write
Overflow flag —\—
(TAB1OVF bit)

(i) Operation to write 0 (conflict with setting) (iv) Operation to clear to 0 (conflict with setting)
Overflow Overflow
set signal set signal

0 write signal | 0 write signal |
Overflow flag Register -
(TAB1OVF bit) \ access signal Read | | Write

Overflow flag  H
(TAB1OVF bit)

To clear the overflow flag to 0, read the overflow flag to check if it is set to 1, and clear it with the CLR
instruction. If 0 is written to the overflow flag without checking if the flag is 1, the set overflow information may
be erased by writing 0 ((ii) in the above chart). Therefore, software may judge that no overflow has occurred
even when an overflow actually has occurred.

If execution of the CLR instruction conflicts with occurrence of an overflow when the overflow flag is cleared to
0 with the CLR instruction, the overflow flag remains set even after execution of the CLR instruction.
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7.5.7 Pulse width measurement mode (TAB1MD2 to TAB1MDO bits = 110)

In the pulse width measurement mode, TAB1 starts counting when the TAB1CTLO.TAB1CE bit is set to 1. Each time
the valid edge input to the TAB1m pin has been detected, the count value of the 16-bit counter is stored in the TAB1CCRm
register, and the 16-bit counter is cleared to 0000H.

The interval of the valid edge can be measured by reading the TAB1CCRm register after a capture interrupt request
signal (INTTAB1CCm) occurs.

Select one of the TAB10 to TAB13 pins as the capture trigger input pin. Specify “No edge detected” for the unused pins
by using the TAB1IOC1 register.

For TAB1, the external clock is input from the EVTAB1 pin, and the pulse width can be measured by using the TIAB10
to TIAB13 pins.

Remark m=0to0 3,
k=1to3

Figure 7-34. Configuration in Pulse Width Measurement Mode

Internal count clock —{ Count
clock
EVTAB1 pin | selection Clear - —
Edge
(external event detector
count input) 16-bit counter INTTAB10V signal
TAB1CE
bit
Edge
detector +— INTTAB1CCO signal
TAB1CCRO
register INTTAB1CC1 signal
t signa
TIAB11 pin O— Edge (capture)
(capture trigger input) detector
TAB1CCR1 INTTAB1CC2 signal
register
t
e TIAB12 pit” O Eage (capture INTTAB1CCS3 signal
(capture trigger input) detector
TAB1CCR2
register
TIAB13 pin O— Edge (capture)
(capture trigger input) detector
TAB1CCR3
register
(capture)
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Figure 7-35. Basic Timing in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TAB1CE bit

TIAB1m pin input k \

TAB1CCRm register 0000H Do D1 D2 Ds

INTTAB1CCm signal

INTTAB10V signal |_

Cleared to 0 by
TAB1OVF bit CLR instruction

Remark m=0to 3

When the TAB1CE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TAB1m pin is later
detected, the count value of the 16-bit counter is stored in the TAB1CCRm register, the 16-bit counter is cleared to 0000H,
and a capture interrupt request signal (INTTAB1CCm) is generated.

The pulse width is calculated as follows.

Pulse width = Captured value x Count clock cycle
If the valid edge is not input to the TAB1m pin even when the 16-bit counter has counted up to FFFFH, an overflow
interrupt request signal (INTTAB10V) is generated at the next count clock, and the counter is cleared to 0000H and
continues counting. At this time, the overflow flag (TAB1OPTO0.TAB1OVF bit) is also set to 1. Clear the overflow flag to 0
by executing the CLR instruction via software.
If the overflow flag is set to 1, the pulse width can be calculated as follows.

Pulse width = (10000H x TAB1OVF bit setting (1) count + Captured value) x Count clock cycle

Remark m=0t03
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Figure 7-36. Register Setting in Pulse Width Measurement Mode (1/2)

(a) TAB1 control register 0 (TAB1CTLO)

TAB1CE TAB1CKS2 TAB1CKS1 TAB1CKSO0
TAB1CTLO | 01 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 0/1 ‘ 0/1 |

——  Select count clock

0: Stop counting
1: Enable counting

Note The setting is invalid when the TAB1EEE bit = 1.

(b) TAB1 control register 1 (TAB1CTL1)

TAB1EST TAB1EEE TAB1MD2 TAB1MD1 TAB1MDO
TAB1CTLA | 0 ‘ 0 ‘ 01 ‘ 0 ‘ 0 ‘ 1 ‘ 1 ‘ 0 |

1,1,0:
Pulse width measurement mode

0: Operate on count clock
selected by TAB1CKSO to
TAB1CKS2 bits

1: Count by external event
count input signal

(c) TAB1 I/O control register 1 (TAB110C1)

TAB1IS7 TAB1IS6 TAB1IS5 TAB1IS4 TAB1IS3 TAB1IS2 TAB1IS1 TAB1ISO
TAB1IOC1| o \ 0/1 \ 0/ \ 0/1 \ 0/1 \ 0/1 \ 0/ \ 0/1 |

] ] L]

Select valid edge
of TIAB10 pin input

Select valid edge
of TIAB11 pin input

Select valid edge
of TIAB12 pin input

Select valid edge
of TIAB13 pin input

(d) TAB1 I/O control register 2 (TAB110C2)

TABIEES! TABIEESO TABIETS1 TABIETSO
TAB1IOC2|O‘0‘0‘0‘0/1‘0/1‘ o‘ol

Select valid edge of
external event count input
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Figure 7-36. Register Setting in Pulse Width Measurement Mode (2/2)

(e) TAB1 option register 0 (TAB1OPTO0)

TAB1CCS3 TAB1CCS2 TAB1CCS1 TAB1CCS0 TAB1OVF
TAB1OPTO|0‘0‘O‘0‘0‘0‘0‘0/1'

L

Overflow flag

(f) TAB1 counter read buffer register (TAB1CNT)
The value of the 16-bit counter can be read by reading the TAB1CNT register.

(g) TAB1 capture/compare registers 0 to 3 (TAB1CCRO to TAB1CCR3)
These registers store the count value of the 16-bit counter when the valid edge input to the TAB1m pin is
detected.

Remarks 1. TAB1 I/O control register 0 (TAB110CO0) is not used in the pulse width measurement mode.
2. m=0to 3
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(1) Operation flow in pulse width measurement mode

Figure 7-37. Software Processing Flow in Pulse Width Measurement Mode

FFFFH
16-bit counter
0000H
TABACE bit (
TIAB10 pin input \
N S
TAB1CCRO register 0000H Do D1 DzX 0000H
INTTAB1CCO signal —l —l —l
<1> <2>
<1> Count operation start flow
C START >
Register initial setting The initial setting of these registers
TAB1CTLO register is performed before setting the
(TAB1CKSO0 to TAB1CKS2 bits), TAB1CE bit to 1.
TAB1CTLA1 register,
TAB1IOC1 register,
TAB1I0C2 register,
TAB10OPTO register
Set TAB1CTLO register The TAB1CKSO0 to TAB1CKS2 bits can
(TAB1CE bit = 1) be set at the same time when counting
has been started (TAB1CE bit = 1).
<2> Count operation stop flow
The counter is initialized and counting
TAB1CE bit=0 is stopped by clearing the TAB1CE bit to 0.
(s )
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(2) Operation timing in pulse width measurement mode

(a) Clearing overflow flag
The overflow flag can be cleared to 0 by clearing the TAB1OVF bit to 0 with the CLR instruction and by writing
8-bit data (bit 0 is 0) to the TAB1OPTO register. To accurately detect an overflow, read the TAB1OVF bit when it
is 1, and then clear the overflow flag by using a bit manipulation instruction.

(i) Operation to write 0 (without conflict with setting) (iii) Operation to clear to 0 (without conflict with setting)
Overflow Overflow
set signal L set signal

0 write signal | 0 write signal |
Overflow fla Register -
(TAB1OVF big \ access signal Read Write
Overflow flag —\—
(TAB1OVF bit)

(i) Operation to write 0 (conflict with setting) (iv) Operation to clear to 0 (conflict with setting)
Overflow Overflow
set signal set signal

0 write signal | 0 write signal |
Overflow flag Register -
(TAB1OVF bit) \ access signal Read | | Write

Overflow flag 4
(TAB1OVF bit)

To clear the overflow flag to 0, read the overflow flag to check if it is set to 1, and clear it with the CLR
instruction. If 0 is written to the overflow flag without checking if the flag is 1, the set overflow information may
be erased by writing 0 ((ii) in the above chart). Therefore, software may judge that no overflow has occurred
even when an overflow actually has occurred.

If execution of the CLR instruction conflicts with occurrence of an overflow when the overflow flag is cleared to
0 with the CLR instruction, the overflow flag remains set even after execution of the CLR instruction.
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7.5.8 Triangular wave PWM mode (TAB1MD2 to TAB1MDO bits = 111)

In the triangular wave PWM mode, TAB1 capture/compare register k (TAB1CCRK) is used to set the duty factor, and
TAB1 capture/compare register 0 (TAB1CCRO) is used to set the cycle.

By using these four registers and operating the timer, triangular wave PWM with a variable cycle is output.

The value of the TAB1CCRm register can be rewritten when TAB1CE = 1.

To stop timer AB, clear TAB1CE to 0. The PWM waveform is output from the TOAB1k pin. The TOAB10 pin produces a
toggle output when the value of the 16-bit counter matches the value of the TAB1CCRO register and when the counter
underflows.

Caution In the PWM mode, the capture function of the TAB1CCRm register cannot be used because this
register can be used only as a compare register.

Remarkm=0t03, k=110 3
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Figure 7-38. Timing of Basic Operation in Triangular Wave PWM Mode

(TAB1OEO =1, TAB10OE1 =1, TAB1OE2 = 1, TAB1OE3 =1,
TAB10LO0 =0, TAB10OL1 =0, TAB10OL2 = 0, TAB10OL3 = 0)

TAB1CE = 1
FFFFH

16-bit
counter

D20 D20
Do.

TAB1CCRO OOOOHX
|

TAB1CCR1 OOOOHX
|

TAB1CCR2 OOOOHX
|

TAB1CCR3 OOOOHX

INTTAB1CCO
match interrupt

INTTAB1CCAH —l
match interrupt

match interrupt

INTTAB1CC2 —l

INTTAB1CC3
match interrupt

INTTAB1OV

TOAB10

TOAB11

TOAB12

TOAB13
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7.5.9 Timer output operations
The following table shows the operations and output levels of the TOAB10 to TOAB13 pins.

Table 7-8. Timer Output Control in Each Mode

Operation Mode

TOAB10 Pin

TOAB11 Pin

TOAB12 Pin

TOAB13 Pin

Interval timer mode

Square wave output

External event count mode

Square wave output

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

Triangular wave PWM output mode

Square wave output

Triangular PWM
output

Triangular PWM
output

Triangular PWM
output

Table 7-9. Truth Table of TOAB10 to TOAB13 Pins Under Control of Timer Output Control Bits

TAB110CO0.TAB1OLm Bit

TAB110C0.TAB1OEm Bit

TAB1CTLO.TAB1CE Bit

Level of TOAB1m 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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7.6 Timer-Tuned Operation Function/Simultaneous-Start Function

Timer AA and timer AB have a timer-tuned operation function/simultaneous-start function.
The timers that can be synchronized are listed in Table 7-8.

Table 7-8. Timer-Tuned Operation Mode

Master Timer Slave Timer
TAA1 TAAO
TAA3 TAA2
TAB1 TAB4

For details of the timer-tuned operation function, see 6.6 Timer-Tuned Operation Function, and for details of the

simultaneous-start function, see 6.7 Simultaneous-Start Function.
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7.7 Cautions

(1) Capture operation

When the capture operation is used and a slow clock is selected as the count clock, FFFFH, not 0000H, may be
captured in the TAB1CCRO, TAB1CCR1, TAB1CCR2, and TAB1CCRS registers if the capture trigger is input

immediately after the TAB1CE bit is set to 1.

(a) Free-running timer mode

FFFFH

1)

16-bit counter =

0000H }
Count clock
Sampling clock (fxx) Jm””"ﬂ Hmﬂ””"ﬂ mmm," "ﬂ”ﬂﬂm
TAB1CCRO register 0000H I>< FFFFH X 0001H

TAB1CE bit |
TIAB10 pin input | |

(b) Pulse width measurement mode

FFFFH

A A
Capture Capture
trigger input trigger input

16-bit counter =

0000H
Count clock
Sampling clock (fxx) Jm””"ﬂ Hmﬂ"”"ﬂ "ﬂ”ﬂ"ﬂ[ Hmﬂ””"ﬂ
TAB1CCRO register 0000H X FFFFH X 0002H

TAB1CE bit J :
TIAB10 pin input I_

i_

A A
Capture Capture
trigger input trigger input
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CHAPTER 8 16-BIT TIMER/EVENT COUNTER T (TMT)

Timer T (TMT) is a 16-bit timer/event counter.
An encoder count function and other functions are added to timer AA (TAA). However, TMT does not have a function to
operate with an external event count input when it operates in the interval timer mode.

8.1 Overview
An overview of TMTO is given below.

e Clock selection: 8 types
o Capture trigger input pins (TITOO, TITO1):

e Encoder input pins (TENC00", TENCO1):

¢ Encoder clear input pin (TECRO):

o External trigger input pin:

o External event count input pin:

e Timer counter:

o Capture/compare registers:

o Capture/compare match interrupt request signals:

N DN = = =2 = NN

e Timer output pins:

Note The TENCOO pin is also used for the capture trigger input, external event count input, and external encoder input
signals.

8.2 Functions

The functions of TMTO are shown below.

¢ Interval timer

¢ External event counter

o External trigger pulse output
¢ One-shot pulse output

o PWM output

e Free-running timer

¢ Pulse width measurement

¢ Triangular-wave PWM output
e Encoder count
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8.3 Configuration
TMTO includes the following hardware.

Table 8-1. Configuration of TMTO

ltem Configuration

Registers 16-bit counter x 1

TMTO capture/compare registers 0, 1 (TTOCCRO, TTOCCR1)
TMTO counter read buffer register (TTOCNT)

TMTO counter write register (TTOTCW)

CCRO0, CCR1 buffer registers

TMTO control registers 0, 1 (TTOCTLO, TTOCTL1)

TMTO control registers 2 (TTOCTL2)

TMTO I/O control registers 0 to 3 (TTOIOCO to TTOIOC3)
TMTO option register 0 (TTOOPTO)

TMTO option register 1 (TTOOPT1)

TMT noise elimination control register (TTNFC)

Timer input e TITOO, TITO1 (capture trigger input pins)
e TENCO00"™" (encoder 0 input pin)

e TENCO1 (encoder 1 input pin)

o TENCRO (encoder clear input pin)

Timer output TOTO00, TOTO1

Note The TENCOO pin is also used for the capture trigger input, external event count input, and external
encoder input signals.
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Figure 8-1. Block Diagram of TMTO

fxx ]
fxx/2  —=
fxx/4 —=
fxx/8 —
fxx/16 —=
fxx/32 —1
fxx/64 —
fxx/128—

Selector

TITo1 ©

TENCOQNete Edge detection/
Noise eliminator, ?

TENCO1 Edge detection/
Noise eliminator, ?

Edge detection/
1700 O~ domel—

Edge detection/
Noise eliminator

fxx —
fxx/4 —
fxx/8 —
fxx/16 —
fxx/32 —=
fxx/64 —=

Selector

Edge detection/ 1
TECRO

Counter
control

Remark

Sampling
clock

fxx: Peripheral clock

Internal bus
~
[ Ttroont [ [ TTOTOW
—»l 16-bit counter | INTTTOOV
U Clear
51O TOT00
‘ ‘ 55O TOTO1
S5
CCRO Oo
buffer
register CCR1
buffer —INTTTOCCO
ﬁ fegiter Z=INTTTOCCH
[ Troccro ] h
N
TTOCCRH1

INTTTOEC

Internal bus

Note The TENCOO pin is also used for the capture trigger input, external event count input, and external
encoder input signals.
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M

)

3

)

®)

(6)

@

16-bit counter

This 16-bit counter can count internal clocks or external events.

The count value of this counter can be read by using the TTOCNT register.

When the TTOCTLO.TTOCE bit = 0, the value of the 16-bit counter is FFFFH. If the TTOCNT register is read at this
time, 0000H is read.

Reset sets the TTOCE bit to 0.

CCRO buffer register

This is a 16-bit compare register that compares the count value of the 16-bit counter.

When the TTOCCRO register is used as a compare register, the value written to the TTOCCRO register is
transferred to the CCRO buffer register. When the count value of the 16-bit counter matches the value of the CCRO
buffer register, a compare match interrupt request signal (INTTTCCOO) is generated.

The CCRO buffer register cannot be read or written directly.

The CCRO buffer register is set to 0000H after reset, and the TTOCCRO register is set to 0000H.

CCR1 buffer register

This is a 16-bit compare register that compares the count value of the 16-bit counter.

When the TTOCCR1 register is used as a compare register, the value written to the TTOCCR1 register is
transferred to the CCR1 buffer register. When the count value of the 16-bit counter matches the value of the CCR1
buffer register, a compare match interrupt request signal (INTTTCCO1) is generated.

The CCR1 buffer register cannot be read or written directly.

The CCR1 buffer register is set to 0000H after reset, and the TTOCCR1 register is set to 0000H.

Edge detector

This circuit detects the valid edges input to the TIT0O, TITO1, TENC00, TENCO01, and TECRO pins. No edge, rising
edge, falling edge, or both the rising and falling edges can be selected as the valid edge by using the TTOIOCH,
TTOIOC2, and TTOIOCS registers.

Output controller
This circuit controls the output of the TOT00 and TOTO1 pins via the TTOIOCO register.

Selector
This selector selects the count clock for the 16-bit counter. Eight types of internal clocks or an external event can
be selected as the count clock.

Counter control
The count operation is controlled by the timer mode selected by the TTOCTL1 register.

RO1UH0232EJ0200 Rev.2.00 392
Mar 25, 2014 RENESAS



V850ES/JES-E, VB50ES/JG3-E

CHAPTER 8 16-BIT TIMER/EVENT COUNTER T (TMT)

8.3.1 Pin configuration

The timer inputs and outputs that configure TMTO are shared with the following ports. The port functions must be set

when using each pin (see Table 4-14 Using Port Pin as Alternate-Function Pin).

Table 8-2. Pin Configuration

JE3E | JG3E Port Timer Input Pin Timer Output | Other Alternate Function
- 40 P96 TITOO TECRO TOTO00 KR6
(capture trigger input 0) (encoder clear input)
- 41 pa7 TITO1 TENCO00™™* TOTO1 KR7
(capture trigger input 1) (encoder input)
- 42 P98 - TENCO1 - INTP17
(encoder input)

Note The TENCOO pin is also used for the capture trigger input, external event count input, and external encoder input
signals. Set each signal for use by using the TTOIOC2 and TTOIOCS3 registers after setting the corresponding port.

Remark JE3E: V850ES/JE3-E
JG3E: V850ES/JG3-E
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8.3.2  Register configuration
The register and bit configurations of the V850ES/JE3-E and V850ES/JG3-E differ depending on the product.
Register configurations of each product are shown below.

(1) V850ES/JE3-E

Channel Register Name Bit Position
7 6 5 4 3 2 1 0

TMTO TTOCTLO TTOCE 0 0 0 0 TTOCKS2 | TTOCKS1 | TTOCKSO
TTOCTLA 0 0 0 0 0 TTOMD2 | TTOMD1 | TTOMDO
TTOCCRO
TTOCCR1
TTOCNT

(2) VB50ES/JG3-E
Channel Register Name Bit Position
7 6 5 4 3 2 1 0

TMTO TTOCTLO TTOCE 0 0 0 0 TTOCKS2 | TTOCKS1 | TTOCKSO
TTOCTLA 0 TTOEST | TTOEEE 0 0 TTOMD2 | TTOMD1 | TTOMDO
TTOCTL2 TTOECC 0 0 TTOLDE | TTOECM1 | TTOECMO | TTOUDS1 | TTOUDSO
TTOIOCO 0 0 0 0 TTOOL1 TTOOEH1 TTOOLO | TTOOEO
TTOIOCA 0 0 0 0 TTOIS3 TTOIS2 TTOIS TTOISO
TTOIOC2 0 0 0 0 TTOEES1 | TTOEESO | TTOETS1 | TTOETSO
TTOIOC3 TTOSCE | TTOZCL | TTOBCL | TTOACL | TTOECS1 | TTOECSO | TTOEIS1 | TTOEISO
TTOOPTO 0 0 TTOCCS1 | TTOCCSO 0 0 0 TTOOVF
TTOOPT1 0 0 0 0 0 TTOEUF | TTOEOF | TTOESF
TTOCCRO
TTOCCR1
TTOCNT
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8.4 Registers

(1) TMTO control register 0 (TTOCTLO)
The TTOCTLO register is an 8-bit register that controls the operation of TMTO.
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 TTOCTLO register by software.

After reset: 00H R/W Address: FFFF600H

<7> 6 5 4 3 2 1 0
TrocTLo [ TTocE| o | o | o | o |rTocksz|tTockst|TToCKSO|
TTOCE TMTO operation control
0 TMTO operation disabled (TMTO reset asynchronouslyN°t)
1 TMTO operation enabled. TMTO operation start
TTOCKS2| TTOCKS1| TTOCKSO 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 TTOOPTO.TTOOVF bit and 16-bit counter are reset simultaneously.
Moreover, timer outputs (TOTOO and TOTO01) are reset at the same time as the
16-bit counter.

Cautions 1. Set the TTOCKS2 to TTOCKSO bits when the TTOCE bit = 0.
When the value of the TTOCE bit is changed from 0 to 1, the TTOCKS2
to TTOCKSO bits can be set simultaneously.
2. Be sure to set bits 3 to 6 to “0”.

Remark fxx: Peripheral clock
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(2) TMTO control register 1 (TTOCTL1)
The TTOCTL1 register is an 8-bit register that controls the TMTO operation.

This register can be read or

written in 8-bit or 1-bit units.

Reset sets this register to 00H.

(172)

After reset: 00H
7

R/W Address: FFFFF601H
6 5 4 3 2 1 0

TroCcTLY [ 0

| TToEST [ TToEEE| 0 [ TTOMDS3|TTOMD2 | TTOMD1 | TTOMDO |

TTOEST

Software trigger control

Generates 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 TTOEST bit as the trigger.

e In external trigger pulse output mode: A PWM waveform is output with

writing 1 to the TTOEST bit as the trigger.

The read

value of the TTOEST bit is always O.

TTOEEE

Count clock selection

0

Disables operation with external event count input (TENCOO pin).
(Performs counting with the count clock selected by the
TTOCTLO.TTOCKSO to TTOCTLO.TTOCKS2 bits.)

Enables operation with external event count input (TENCOO pin).
(Performs counting at every valid edge of the external event count input
signal (TENCOO pin).)

The TTOEEE bit selects whether counting is performed with the internal count clock
or the valid edge of the external event count input.

TTOMD3

TTOMD2 | TTOMD1 | TTOMDO Timer mode selection

0 0 0 Interval timer mode

0 1 External event count mode

External trigger pulse output mode

One-shot pulse output mode

PWM output mode

1 Free-running timer mode

Pulse width measurement mode

oO|lojlo|lojo|o|o

1 1 1 Triangular-wave PWM output mode

0 0 0 Encoder compare mode

Other than above Setting prohibited
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2/2)

Cautions 1.

The TTOEST 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.

The TTOEEE bit is valid only in the interval timer mode, external trigger pulse output mode,
one-shot pulse output mode, PWM output mode, free-running timer mode, pulse width
measurement mode, or triangular-wave PWM output mode. In any other mode, writing 1 to
this bit is ignored.

External event count input (TENC00) or encoder inputs (TENC00, TENCO1) is selected in
the external event count mode or encoder compare mode regardless of the value of the
TTOEEE bit.

Set the TTOEEE and TTOMD3 to TTOMDO bits when the TTOCTLO.TTOCE bit = 0. (The same
value can be written when the TTOCE bit = 1.) The operation is not guaranteed when
rewriting is performed with the TTOCE bit = 1. If rewriting was mistakenly performed, clear
the TTOCE bit to 0 and then set the bits again.

Be sure to set bits 4 and 7 to “0”.
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(8) TMTO control register 2 (TTOCTL2)
The TTOCTL2 register is an 8-bit register that controls the encoder count function operation.
The TTOCTL2 register is valid only in the encoder compare mode.
This register can be read or written in 8-bit or 1-bit units.

Reset sets this register to 00H.

Caution For details of each bit of the TTOCTL2 register, see 8.6.9 (5) Controlling bits of TTOCTL2 register.

(1/2)
After reset: 00H R/W  Address: FFFFF602H
7 6 5 4 3 2 1 0
TrocTL2 [TT0ECC| 0 | 0 | TTOLDE | TTOECM1|TTOECMO [TTOUDST|TTOUDSO|
TTOECC Encoder counter control
0 Normal operation
1 Holds count value of 16-bit counter when TTOCTLO.TTOCE bit = 0.
TTOLDE Transfer setting to 16-bit counter
0 Disables transfer of set value of TTOCCRO to 16-bit counter in case of underflow.
1 Enables transfer of set value of TTOCCRO to 16-bit counter in case of underflow.
TTOECMA1 Control of encoder clear operation 1
0 The 16-bit counter is not cleared to 0000H when its count value matches
value of CCR1 register.
1 The 16-bit counter is cleared to 0000H when the count after a match between
the 16-bit counter count value and CCR1 register value is a down-count
TTOECMO Control of encoder clear operation 0
0 The 16-bit counter is not cleared to 0000H when its count value matches
value of CCRO register.
1 The 16-bit counter is cleared to 0000H when the count after a match between
the 16-bit counter count value and CCRO register value is an up-count
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(2/2)
TTOUDS1| TTOUDSO Up/down count selection
0 0 When valid edge of TENCOO input is detected
Counts down when TENCO1 = high level.
Counts up when TENCO1 = low level.
0 1 Counts up when valid edge of TENCOO input is detected.
Counts down when valid edge of TENCO1 input is detected.
1 0 Counts down when rising edge of TENCOO input is detected.
Counts up when falling edge of TENCOO input is detected.
However, count operation is performed only when
TENCO1 = low level.
1 1 Both rising and falling edges of TENCO00 and TENCO1 are
detected. Count operation is automatically identified by
combination of edge detection and level detection.
Cautions 1. The TTOECC bit is valid only in the encoder compare mode. In any other
mode, writing “1” to this bit is ignored.
If the TTOCTLO.TTOCE bit is cleared to 0 while the TTOECC bit = 1, the
values of the timer/counter and capture registers (TTOCCRO and
TTOCCR1), and the TTOOPT1, TTOEUF, TTOEOF, and TTOESF flags are
retained.
If the TTOCE bit is set from 0 to 1 when the TTOECC bit = 1, the value of the
TTOTCW register is not transferred to the 16-bit counter.
2. The TTOLDE bit is valid only when the TTOECM1 and TTOECMO bits = 00,
01. Writing “1” to this bit is ignored when the TTOECM1 and TTOECMO bits
=10,11.
3. The edge detection of the TENC00 and TENCO1 inputs specified by the
TTOIOC3.TTOEIS1 and TTOIOC3.TTOEISO bits is invalid and fixed to both
the rising and falling edges when the TTOUDS1 and TTOUDSO bits = 10, 11.
4. Set the TTOLDE, TTOECM1, TTOECMO, TTOUDS1, and TTOUDSO bits when
the TTOCTLO.TTOCE bit = 0 (the same value can be written to these bits
when the TTOCE bit = 1). If the value of these bits is changed when the
TTOCE bit = 1, the operation cannot be guaranteed. If it is changed by
mistake, clear the TTOCE bit and then set the correct value.
5. Be sure to set bits 5 and 6 to “0”.
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(4) TMTO I/O control register 0 (TTOIOCO)
The TTOIOCO register is an 8-bit register that controls the timer output (TOT00, TOTO1 pins).

This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

RO1UH0232EJ0200 Rev.2.00 400
Mar 25, 2014 RENESANAS



V850ES/JES-E, VB50ES/JG3-E

CHAPTER 8 16-BIT TIMER/EVENT COUNTER T (TMT)

After res

TTOIOCO |

et: 0OH R/W  Address: FFFFF603H
7 6 5 4 3 <2> 1 <0>
o | o | o | o [7rooLt]|TT00E1 | TTOOLO | TTOOEO |
TTOOL1 TOTO1 pin output level settingNot®
0 TOTO1 pin starts output at high level.
1 TOTO1 pin starts output at low level.
TTOOE1 TOTO1 pin output setting

0 Timer output prohibited
e Low level is output from the TOTO1 pin when the TTOOL1 bit = 0.
o High level is output from the TOTO1 pin when the TTOOL1 bit = 1.

1 Timer output enabled (A pulse is output from the TOTO1 pin.)

TTOOLO

TOTOO pin output level settingNot®

0 TOTOO pin starts output at high level.

1 TOTOO pin starts output at low level.

TTOOEO

TOTOO pin output setting

0 Timer output prohibited
e Low level is output from the TOTOO pin when the TTOOLO bit = 0.
¢ High level is output from the TOTOO pin when the TTOOLO bit = 1.

1 Timer output enabled (A pulse is output from the TOTOO pin.)

Note The output level of the timer output pins (TOTO0 and TOTO01) specified by the
TTOOLn bit is shown below (n =0, 1).

e When TTOOLnN bit=10 e When TTOOLn bit = 1

16-bit counter | /I

16-bit counter I J

TTOCEbit _ ] TTOCEbit _ [
TOTON pin output _|_|_ TOTON pin output _|_,_
Cautions 1. If the setting of the TTOIOCO register is changed when TOT00 and

TOTO1 outputs are set for the port mode, the output of the pins
change. Set the port in the input mode and make the port go into a
high-impedance state, noting changes in the pin status.

Rewrite the TTOOL1, TTOOE1, TTOOLO, and TTOOEO bits when the
TTOCTLO.TTOCE bit = 0. (The same value can be written when the
TTOCE bit = 1.) If rewriting was mistakenly performed, clear the
TTOCE bit to 0 and then set the bits again.

Even if the TTOOLO or TTOOL1 bit is manipulated when the TTOCE,
TTOOEO, and TTOOE1 bits are 0, the output level of the TOT00 and
TOTO1 pins changes.
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(5) TMTO I/O control register 1 (TTOIOC1)
The TTOIOCH1 register is an 8-bit register that controls the valid edge for the capture trigger input signals (TITOO,
TITO1 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: FFFFF604H
7 6 5 4 3 2 1 0
TToloct | o | o | o | o |[Tross| Trois2 | Troist | TToisO |

TTOIS3 | TTOIS2 Capture trigger input signal (TITO1 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

TTOIS1 | TTOISO Capture trigger input signal (TITOO 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 TTOIS3 to TTOISO bits when the TTOCTLO.TTOCE bit = 0.
(The same value can be written when the TTOCE bit = 1.) If rewriting
was mistakenly performed, clear the TTOCE bit to 0 and then set the
bits again.

2. The TTOIS3 and TTOIS2 bits are valid only in the free-running timer

mode (only when the TTOOPTO.TTOCCS1 bit = 1) and the pulse width
measurement mode. In all other modes, a capture operation is not
performed.
The TTOIS1 and TTOISO bits are valid only in the free-running timer
mode (only when the TTOOPTO. TTOCCSO bit = 1) and the pulse width
measurement mode. In all other modes, a capture operation is not
performed.
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(6) TMTO I/O control register 2 (TT0IOC2)
The TTOIOC2 register is an 8-bit register that controls the valid edge for the external event count input signal

(TENCOO pin) and external trigger input signal.
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
7

Address: FFFFF605H
6 5 4 3 2 1 0

Troloc2 | 0 |

o | o | o |TroEEsi|TToEESO TTOETS1|TTOETSO|

TTOEES1| TTOEESO|External event count input signal (TENCOO 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

TTOETS1| TTOETSO| External trigger input signal (TENCOO 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 TTOEES1, TTOEESO, TTOETS1, and TTOETSO bits when the

TTOCTLO.TTOCE bit = 0. (The same value can be written when the
TTOCE bit = 1.) If rewriting was mistakenly performed, clear the
TTOCE bit to 0 and then set the bits again.

. The TTOEES1 and TTOEESO bits are valid only when the

TTOCTL1.TTOEEE bit = 1 or when the external event count mode (the
TTOCTL1.TTOMD3 to TTOCTL1.TTOMDO bits = 0001) has been set.

. The TTOETS1 and TTOETSO bits are valid only in the external trigger

pulse mode or one-shot pulse output mode.
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(7) TMTO I/O control register 3 (TTOIOC3)
The TTOIOCS register is an 8-bit register that controls the encoder clear function operation.
The TTOIOCS register is valid only in the encoder compare mode.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

(1/2)

After reset: OOH R/W  Address: FFFFF606H
7 6 5 4 3 2 1 0
TTOIOC3 | TTOSCE | TTOZCL | TTOBCL | TTOACL | TTOECS1[TTOECSO| TTOEIST | TTOEISO |

TTOSCE Encoder clear selection

0 Clears 16-bit counter on detection of edge of encoder clear signal (TECRO pin).

1 Clears 16-bit counter on detection of clear level condition of the TENCO00,
TENCO1, and TECRO pins.

o Clears the 16-bit counter to 0000H when the valid edge of TECRO pin specified by
the TTOECS1 and TTOECSO bits is detected when the TTOSCE bit = 0.

e Clears the 16-bit counter to 0000H when the clear level conditions of the TT0ZCL,
TTOBCL, and TTOACL bits match the input levels of the TECRO, TENCO01, and
TENCOO pins when TTOSCE bit = 1.

e Setting of the TTOZCL, TTOBCL, and TTOACL bits is valid and that of the

TTOECS1 and TTOECSO bits is invalid when the TTOSCE bit = 1.

An encoder clear interrupt request signal (INTTTIOEC) is not generated.

Setting of the TTOZCL, TTOBCL, and TTOACL bits is invalid and setting of

the TTOECS1 and TTOECSO bits is valid when the TTOSCE bit = 0.

The INTTTIOEC signal is generated when the valid edge specified by the TTOECS1

and TTOECSO bits is detected.

e Be sure to set the TTOCTL2.TTOUDS1 and TTOCTL2.TTOUDSO bits to 10 or 11
when the TTOSCE bit = 1.

Operation is not guaranteed if the TTOUDS1 and TTOUDSO bits = 00 or 01 and
the TTOSCE bit = 1.

TTO0ZCL Clear level selection of encoder clear signal (TECRO pin)

0 Clears low level of the TECRO pin.

1 Clears high level of the TECRO pin.

Setting of the TTOZCL bit is valid only when the TTOSCE bit = 1.

TTOBCL Clear level selection of encoder input signal (TENCO1 pin)

0 Clears low level of the TENCO1 pin.

1 Clears high level of the TENCO1 pin.

Setting of the TTOBCL bit is valid only when the TTOSCE bit = 1.

TTOACL Clear level selection of encoder input signal (TENCOO pin)

0 Clears low level of the TENCOO pin.

1 Clears high level of the TENCOO pin.

Setting of the TTOACL bit is valid only when the TTOSCE bit = 1.

ROTUHO0232EJ0200 Rev.2.00
Mar 25, 2014 RENESAS

404



VB850ES/JES-E, V850ES/JG3-E CHAPTER 8 16-BIT TIMER/EVENT COUNTER T (TMT)

(2/2)

TTOECS1| TTOECSO Valid edge setting of encoder clear signal (TECRO pin)

0 0 Detects no edge (clearing encoder is invalid).
0 1 Detects rising edge.
1 0 Detects falling edge.
1 1 Detects both edges.
TTOEIS1 | TTOEISO | Valid edge setting of encoder input signals (TENC00, TENCO1 pins)
0 0 Detects no edge (inputting encoder is invalid).
0 1 Detects rising edge.
1 0 Detects falling edge.
1 1 Detects both edges.

Cautions 1. Rewrite the TTOSCE, TT0ZCL, TTOBCL, TTOACL, TTOECS1, TTOECSO,
TTOEIS1, and TTOEISO bits when the TTOCTLO.TTOCE bit = 0. (The same
value can be written to these bits when the TTOCE bit = 1.) If rewriting was
mistakenly performed, clear the TTOCE bit to 0 and then set these bits
again.

2. The TTOECS1 and TTOECSO bits are valid only when the TTOSCE bit = 0
and the encoder compare mode is set.
3. The TTOEIS1 and TTOEISO bits are valid only when the TTOCTL2.TTOUDS1
and TTOCTL2.TTOUDSO bits = 00 or 01.
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(8) TMTO option register 0 (TTOOPTO)
The TTOOPTO register is an 8-bit register that sets the capture/compare operation and detects overflows.
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: FFFFF607H

7 6 5 4 3 2 1 <0>
TToOPTO [ o | o |[troccsttroccso)] o | o | o |TroovF|
TTOCCSH TTOCCR1 register capture/compare selection
0 Selected as compare register
1 Selected as capture register (cleared by the TTOCTLO.TTOCE bit = 0)

The TTOCCSH1 bit setting is valid only in the free-running timer mode.

TTOCCSO TTOCCRO register capture/compare selection
0 Selected as compare register
1 Selected as capture register (cleared by the TTOCTLO.TTOCE bit = 0)

The TTOCCSO bit setting is valid only in the free-running timer mode.

TTOOVF TMTO overflow detection flag
Set (1) Overflow occurred
Reset (0) 0 written to TTOOVF bit or TTOCTLO.TTOCE bit =0

e The TTOOVF bit is set to 1 when the 16-bit counter value overflows from FFFFH
to 0000H in the free-running timer mode or the pulse width measurement mode.

o An overflow interrupt request signal (INTTTOOV) is generated when the TTOOVF
bit is setto 1. The INTTTOOV signal is not generated in modes other than the
free-running timer mode and the pulse width measurement mode.

e The TTOOVF bit is not cleared to 0 even when the TTOOVF bit or the TTOOPTO
register are read when the TTOOVF bit = 1.

» Before clearing the TTOOVF bit to O after generation of the INTTTOQOV signal, be
sure to confirm (by reading) that the TTOOVF bit is set to 1.

e The TTOOVF bit can be both read and written, but the TTOOVF bit cannot be set
to 1 by software. Writing 1 has no effect on the operation of TMTO.

Cautions 1. Rewrite the TTOCCS1 and TTOCCSO bits when the TTOCE bit = 0. (The
same value can be written when the TTOCE bit = 1.) If rewriting was
mistakenly performed, clear the TTOCE bit to 0 and then set these bits
again.

2. Be sure to set bits 1 to 3, 6, and 7 to “0”.
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(9) TMTO option register 1 (TTOOPT1)
The TTOOPT1 register is an 8-bit register that detects overflows, underflows, and count-up/down operations of the

encoder count function.

The TTOOPT1 register is valid only in the encoder compare mode.
This register can be read or written in 8-bit or 1-bit units.

Reset sets this register to 00H.

This register can be rewritten even when the TTOCTLO.TTOCE bit = 1.

(1/2)
After reset: 0OH  R/W  Address: FFFFF608H
7 6 5 4 3 <2> <1> <0>
TTooPTt | o | o | o | o | o [TToEUF|TTOEOF | TTOESF |
TTOEUF TMTO underflow detection flag
Set (1) | Underflow occurs.
Reset (0)| Cleared by writing to TTOEUF bit or when TTOCTLO.TTOCE bit = 0
e The TTOEUF bit is set to 1 when the 16-bit counter underflows from 0000H to
FFFFH in the encoder compare mode.
e When the TTOCTL2.TTOLDE bit = 1, the TTOEUF bit is set to 1 when the value of
the 16-bit counter is changed from 0000H to the set value of the TTOCCRO register,
¢ An overflow interrupt request signal (INTTTOVO) is generated as soon as the
TTOEUF bit is setto 1.
e The TTOEUF bit is not cleared to 0 even if the TTOEUF bit or TTOOPT1 register
is read when the TTOEUF bit = 1.
e The status of the TTOEUF bit is retained even if the TTOCTLO.TTOCE bit is cleared
to 0 when the TTOCTL2.TTOECC bit = 1.
o Before clearing the TTOEUF bit to 0 after the INTTTOVO signal is generated, be
sure to confirm (read) that the TTOEUF bit is set to 1.
e The TTOEUF bit can be read or written, but it cannot be set to 1 by software.
Setting this bit to 1 does not affect the operation of TMTO.
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2/2)

TTOEOF Overflow detection flag for TMTO encoder function

Set (1) | Overflow occurs.

Reset (0)| Cleared by writing 0 to the TTOEOF bit or when the TTOCTLO.TTOCE
bit=0

e The TTOEOF bit is set to 1 when the 16-bit counter overflows from FFFFH to
0000H in the encoder compare mode.

e As soon as the TTOEOF bit has been set to 1, an overflow interrupt request signal
(INTTTOVO) is generated. At this time, the TTOOPTO.TTOOVF bit is not set to 1.

e The TTOEOF bit is not cleared to 0 even if the TTOEOF bit or TTOOPT1 register
is read when the TTOEOF bit = 1.

o The status of the TTOEOF bit is retained even if the TTOCTLO.TTOCE bit is cleared
to 0 when the TTOCTL2.TTOECC bit = 1.

o Before clearing the TTOEOF bit to O after the INTTTOVO signal is generated, be
sure to confirm (read) that the TTOEOF bit is set to 1.

e The TTOEOF bit can be read or written, but it cannot be set to 1 by software.
Writing 1 to this bit does not affect the operation of TMTO.

TTOESF TMTO count-up/-down operation status detection flag

0 TMTO is counting up.

1 TMTO is counting down.

e This bit is cleared to 0 if the TTOCTLO.TTOCE bit = 0 when the
TTOCTL2.TTOECC bit = 0.
o The status of the TTOESF bit is retained even if the TTOCE bit = 0 when the

TTOECC bit = 1.

Caution Be sure to set bits 3 to 7 to “0”.
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(10) TMTO capture/compare register 0 (TTOCCRO)
The TTOCCRO register is a 16-bit register that can be used as a capture register or compare register depending
on the mode.
This register can be used as a capture register or a compare register only in the free-running timer mode,
depending on the setting of the TTOOPTO.TTOCCSO bit. In the pulse width measurement mode, the TTOCCRO
register can be used only as a capture register. In any other mode, this register can be used only as a compare
register.
The TTOCCRO 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.

After reset: 0000H R/W Address: FFFFF60AH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mocero | | | [ [ | [ [ [ [ [ [ [ ]
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(@

(b)

Function as compare register

The TTOCCRO register can be rewritten even when the TTOCTLO.TTOCE bit = 1.

The set value of the TTOCCRO 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 (INTTTOCCO)
is generated. If TOTOO pin output is enabled at this time, the output of the TOTOO0 pin is inverted.

When the TTOCCRO register is used as a cycle register in the interval timer mode, or when the TTOCCRO
register is used as a cycle register in the external event count mode, external trigger pulse output mode, one-
shot pulse output mode, PWM output mode, triangular-wave PWM output mode, or encoder compare mode,
the value of the 16-bit counter is cleared (0000H) if its count value matches the value of the CCRO buffer
register.

The compare register is not cleared by setting the TTOCTLO.TTOCE bit to 0.

Function as capture register

In the free-running timer mode (when the TTOCCRO register is used as a capture register), the count value of
the 16-bit counter is stored in the TTOCCRO register if the valid edge of the capture trigger input pin (TITOO pin)
is detected. In the pulse width measurement mode, the count value of the 16-bit counter is stored in the
TTOCCRO register and the 16-bit counter is cleared (0000H) if the valid edge of the capture trigger input pin
(TITOO pin) is detected.

Even if the capture operation and reading the TTOCCRO register conflict, the correct value of the TTOCCRO
register can be read.

The capture register is cleared by setting the TTOCTLO.TTOCE bit to 0.

The following table shows the functions of the capture/compare register in each mode, and how to write data to the

compare register.

Table 8-3. Function of Capture/Compare Register in Each Mode and How to Write Compare Register

Operation Mode TTOCCRO 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 None

Triangular-wave WPM output Compare register Batch write"*°
Encoder compare Compare register Anytime write

Note Writing to the TTOCCR1 register is the trigger.

Remark For anytime write and batch write, see 8.6 (2) Anytime write and batch write.
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(11) TMTO capture/compare register 1 (TTOCCR1)
The TTOCCRT1 register is a 16-bit register that can be used as a capture register or compare register depending
on the mode.
This register can be used as a capture register or a compare register only in the free-running timer mode,
depending on the setting of the TTOOPTO.TTOCCS1 bit. In the pulse width measurement mode, the TTOCCRA1
register can be used only as a capture register. In any other mode, this register can be used only as a compare
register.
The TTOCCRT1 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.

After reset: 0000H R/W Address: FFFFFF60CH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mocert | | | [ [ | [ 1 [ [ ]
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(b)

Function as compare register

The TTOCCR1 register can be rewritten even when the TTOCTLO.TTOCE bit = 1.

The set value of the TTOCCR1 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
(INTTTOCCO1) is generated. If TOTO1 pin output is enabled at this time, the output of the TOTO1 pin is inverted.
The compare register is not cleared by setting the TTOCTLO.TTOCE bit to 0.

Function as capture register

In the free-running timer mode (when the TTOCCR1 register is used as a capture register), the count value of
the 16-bit counter is stored in the TTOCCR1 register if the valid edge of the capture trigger input pin (TITO1 pin)
is detected. In the pulse width measurement mode, the count value of the 16-bit counter is stored in the
TTOCCRT1 register and the 16-bit counter is cleared (0000H) if the valid edge of the capture trigger input pin
(TITO1 pin) is detected.

Even if the capture operation and reading the TTOCCR1 register conflict, the correct value of the TTOCCR1
register can be read.

The capture register is cleared by setting the TTOCTLO.TTOCE bit to 0.

The following table shows the functions of the capture/compare register in each mode, and how to write data to the

compare register.

Table 8-4. Function of Capture/Compare Register in Each Mode and How to Write Compare Register

Operation Mode TTOCCR1 Register How to Write Compare Register

Interval timer Compare register Anytime write

External event counter Compare register Anytime write

Note

External trigger pulse output Compare register Batch write

One-shot pulse output Compare register Anytime write

Note

PWM output Compare register Batch write
Free-running timer Capture/compare register Anytime write
Pulse width measurement Capture register None
Triangular-wave PWM output Compare register Batch write"*

Encoder compare Compare register Anytime write

Note Writing to the TTOCCR1 register is the trigger.

Remark For anytime write and batch write, see 8.6 (2) Anytime write and batch write.
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(12) TMTO counter write register (TTOTCW)
The TTOTCW register is used to set the initial value of the 16-bit counter.
The TTOTCW register is valid only in the encoder compare mode.
This register can be read or written in 16-bit units.
Rewrite the TTOTCW register when the TTOCTLO.TTOCE bit = 0.
The value of the TTOTCW register is transferred to the 16-bit counter when the TTOCE bit is set (1).
Reset sets this register to 0000H.

After reset: 0000H R/W Address: FFFFF610H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
morew | | | [ [ [ [ [ [T

(13) TMTO counter read buffer register (TTOCNT)
The TTOCNT register is a read buffer register that can read the count value of the 16-bit counter.
If this register is read when the TTOCTLO.TTOCE 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 TTOCNT register is set to 0000H when the TTOCTL2.TTOECC and TTOCE bits = 0. If the
TTOCNT register is read at this time, the value of the 16-bit counter (FFFFH) is not read, but 0000H is read. The
TTOCNT register is not set to 0000H but the previous value is read when the TTOECC bit = 1 and TTOCE bit = 0.
The TTOECC and TTOCE bits are set to 0 after reset, and the value of the TTOCNT register is set to 0000H.

After reset: 0000H R Address: FFFFFF60EH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
moent | | [ [ L [ [ L]
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(14) Noise elimination control register (TTNFC)
Digital noise elimination can be selected for the TIT0O, TITO1, TENC00, TENCO1, and TECRO pins. The noise
elimination settings are performed using the TTNFC register.
When digital noise elimination is selected, the sampling clock for digital sampling can be selected from among fxx,
fxx/4, fxx/8, fxx/16, fxx/32, and fxx/64. Sampling is performed 3 times.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

Caution Time equal to the sampling clock x 3 clocks is required until the digital noise eliminator is
initialized after the sampling clock has been changed. If the valid edge of the TIT00, TITO1,
TENCO00, TENCO1, and TECRO pins is input after the sampling clock has been changed and
before the time of the sampling clock x 3 clocks passes, therefore, an interrupt request signal
may be generated. Therefore, when using the external trigger function, the external event
function, the capture trigger function, and the encoder function of TMT, enable TMT operation
after the sampling clock x 3 clocks have elapsed.

After reset: 00H R/W Address: FFFFF726H
<7> 6 5 4 3 2 1 0
TINFC [TINFEN| o | o | o | o |TTNFC2|TTNFC1 | TTNFCO |
TTNFEN Settings of digital noise elimination
0 Digital noise elimination not executed
1 Digital noise elimination executed
TTNFC2 | TTNFC1 | TTNFCO Digital sampling clock
0 0 0 fxx
0 0 1 fxx/4
0 1 0 fxx/8
0 1 1 fxx/16
1 0 0 fxx/32
1 0 1 fxx/64
Other than above Setting prohibited
Remarks 1. Since sampling is performed three times, the noise width for reliably
eliminating noise is 2 sampling clocks.
2. In the case of noise with a width smaller than 2 sampling clocks, an
interrupt request signal is generated if noise synchronized with the
sampling clock is input.
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A timing example of noise elimination performed by the timer T input pin digital filter is shown Figure 8-2.

Figure 8-2. Example of Digital Noise Elimination Timing

Noise elimination clock ‘|’|’|‘|‘|I|||||‘|I|‘|‘|’|I|I|‘|‘|

I R R S T N S R SR R SR

ey IS
[ —

Input signal | i h . | | h | i Sampling 1 | | | i i
\J L , H , i i  Stimes | i i ] , ,

| E | A Sampling E

| , | , 3times |

2 clocks 3 clocks E :0 clocks E

'

|
'1 clock ) 1 clock' 2 clocks !
'

Internal signal i i i i i i i

Remark If there are two or fewer noise elimination clocks while the TIT0O, TITO1, TENC00, TENCO1, and
TECRO input signals are high level (or low level), the input signal is eliminated as noise. If it is
sampled three times or more, the edge is detected as a valid input.
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8.5 Timer Output Operations
The following table shows the operations and output levels of the TOT00 and TOTO1 pins.

Table 8-5. Timer Output Control in Each Mode

Operation Mode TOTO1 Pin TOTO00 Pin
Interval timer mode Square wave output
External event count mode None
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 None
Triangular-wave PWM output mode Triangular-wave PWM output
Encoder compare mode None

Table 8-6. Truth Table of TOT00 and TOT01 Pins Under Control of Timer Output Control Bits

TTOIOCO.TTOOLN Bit TTOIOCO.TTOOEN Bit TTOCTLO.TTOCE Bit Level of TOTON Pin
0 0 x Low-level output
1 0 Low-level output
1 Low level immediately before counting, high level
after counting is started
1 0 x High-level output
1 0 High-level output
1 High level immediately before counting, low level

after counting is started

Remark n=0,1
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8.6 Operation

The modes realized by the V850ES/JE3-E and V850ES/JG3-E, differ depending on the products. The following table
shows the executable operation modes of each product

Table 8-7. Executable Mode for Each Product

Operation Mode V850ES/JE3-E V850ES/JGS3-E
Interval timer mode Partly enable™* Enable
External event count mode Disable Enable
External trigger pulse output mode Disable Enable
One-shot pulse output mode Disable Enable
PWM output mode Disable Enable
Free-running timer mode Disable Enable
Pulse width measurement mode Disable Enable
Triangular-wave PWM output mode Disable Enable
Encoder compare mode Disable Enable

Note Since TITO, TOTO, TIT1 and TOT1 do not exist, the same using method as TITO, TOTO, TIT1 and TOT1

cannot be applied.

TMT can perform the following operations.

Table 8-8. TMTO Specifications in Each Mode

Operation TTOCTL1.TTOEST Bit TENCOO Pin Capture/Compare | Compare Register
(Software Trigger Bit) | (External Trigger Input) | Register Setting Write Method

Interval timer mode Invalid Invalid Compare only Anytime write
External event count mode Invalid Invalid Compare only Anytime write
External trigger pulse output mode Valid Valid Compare only Batch write

One-shot pulse output mode Valid Valid Compare only Anytime write
PWM output mode Invalid Invalid Compare only Batch write

Free-running timer mode Invalid Invalid Switchable Anytime write
Pulse width measurement mode Invalid Invalid Capture only Not applicable
Triangular-wave PWM output mode Invalid Invalid Compare only Batch write

Encoder compare mode Invalid Invalid Compare only Anytime write
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(1) Basic counter operation
This section explains the basic operation of the 16-bit counter. For details, refer to the description of the operation
in each mode.

(a) Count start operation

e Encoder compare mode
A count operation is controlled by TENC00 and TENCO1 phases.
The 16-bit counter initial setting is performed by transferring the set value of the TTOTCW register to the 16-
bit counter and the count operation is started. (When the TTOCTL2.TTOECC bit = 0, the TTOTCW register set
value is transferred to the 16-bit counter at the timing when the TTOCTLO.TTOCE bit changes from 0 to 1.)

e Triangular-wave PWM mode
The 16-bit counter starts counting from the initial value FFFFH.
It counts up FFFFH, 0000H, 0001H, 0002H, 0003H, and so on.
Following the count-up operation, the counter counts down upon a match between the 16-bit count value and
the CCRO buffer register.

o Mode other than above
The 16-bit counter starts counting from the initial value FFFFH.
It counts up FFFFH, 0000H, 0001H, 0002H, 0003H, and so on.

(b) Clear operation
The 16-bit counter is cleared to 0000H when its value matches the value of the compare register, when its
value is captured, when the edge of the encoder clear signal is detected, and when the clear level condition of
the TENCO00, TENCO1, and TECRO pins is detected. The count operation from FFFFH to 0000H that takes
place immediately after the counter has started counting or when the counter overflows is not a clear operation.
Therefore, the INTTTOCCO and INTTTOCCH1 interrupt signals are not generated.

(c) Overflow operation
The 16-bit counter overflows when it counts up from FFFFH to 0000H in the free-running mode, pulse width
measurement mode, and encoder compare mode. If the counter overflows in the free-running mode and pulse
width measurement mode, the TTOOPTO.TTOOVF bit is set to 1 and an interrupt request signal (INTTTOOV) is
generated.
If the counter overflows in the encoder compare mode, the TTOOPT1.TTOEOF bit is set to 1 and an interrupt
request signal (INTTTOQV) is generated.
Note that the INTTTOOV signal is not generated under the following conditions.

e Immediately after a count operation has been started
o If the counter value matches the compare value FFFFH and is cleared
e When FFFFH is captured and cleared to 0000H in the pulse width measurement mode

Caution After the overflow interrupt request signal (INTTTOOV) has been generated, be sure to check
that the overflow flag (TTOOVF, TTOEOF bits) is set to 1.
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(d) Count value hold operation
The value of the 16-bit counter is held by the TTOCTL2.TTOECC bit in the encoder compare mode. The value
of the 16-bit counter is reset to FFFFH when the TTOECC bit = 0 and TTOCTLO.TTOCE bit = 0. When the
TTOCE bit is next set to 1, the set value of the TTOTCW register is transferred to the 16-bit counter and a count
operation is performed.
If the TTOECC bit = 1 and TTOCE bit = 0, the value of the 16-bit counter is held. When the TTOCE bit is next
set to 1, the counter resumes the count operation from the held value.

(e) Counter read operation during count operation
The value of the 16-bit counter of TMTO can be read by using the TTOCNT register during the count operation.
When the TTOCTLO.TTOCE bit = 1, the value of the 16-bit counter can be read by reading the TTOCNT register.
If the TTOCNT register is read when the TTOCTL2.TTOECC bit = 0 and TTOCE bit = 0, however, it is 0000H.
The held value of the TTOCNT register is read if the register is read when the TTOECC bit = 1 and TTOCE bit =
0.

(f) Underflow operation
A 16-bit counter underflow occurs at the timing when the 16-bit counter value changes from 0000H to FFFFH
in the encoder compare mode. When an underflow occurs, the TTOOPT1.TTOEUF bit is set to 1 and an
interrupt request signal (INTTTOQOV) is generated.

(g) Interrupt operation
TMTO generates the following four types of interrupt request signals.

INTTTOCCO interrupt: ~ This signal functions as a match interrupt request signal of the CCRO buffer register
and as a capture interrupt request signal to the TTOCCRO register.

INTTTOCCH1 interrupt: ~ This signal functions as a match interrupt request signal of the CCR1 buffer register
and as a capture interrupt request signal to the TTOCCR1 register.

¢ INTTTOQV interrupt: This signal functions as an overflow interrupt request signal.

¢ INTTTOEC interrupt: This signal functions as a valid edge detection interrupt request signal of the
encoder clear input (TECRO pin).
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(2) Anytime write and batch write
The TTOCCRO and TTOCCR1 registers in TMTO can be rewritten during timer operation (TTOCTLO.TTOCE bit = 1),
but the write method (anytime write, batch write) of the CCRO and CCR1 buffer registers differs depending on the
mode.

(a) Anytime write
In this mode, data is transferred at any time from the TTOCCRO and TTOCCR1 registers to the CCRO and

CCRH1 buffer registers during timer operation (n =0, 1).

Figure 8-3. Flowchart of Basic Operation for Anytime Write

( START )

Initial settings

¢ Set values to TTOCCRn register
o Timer operation enable

(TTOCE bit=1)

— Transfer values of TTOCCRn
register to CCRn buffer
register

|

TTnCCRn register rewrite
— Transfer to CCRn buffer register

Timer operation

e Match between 16-bit counter
and CCR1 buffer registerN°'®

o Match between 16-bit counter

IINTTTOCCH1 signal output

and CCRO buffer register ———= IINTTTOCCO signal output
e 16-bit counter clear & start

l

Note The 16-bit counter is not cleared upon a match between the 16-bit counter value

and the CCR1 buffer register value. It is cleared upon a match between the 16-bit
counter value and the CCRO buffer register value.

Remarks 1. The above flowchart illustrates an example of the operation in the interval
timer mode.
2. n=0,1
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Figure 8-4. Timing of Anytime Write

TTOCE bit = 1
FFFFH Do Do
Doz
16-bit counter D11 D11/ D12/ D12 -
0000H
TTOCCRO register Do X Doz
I [ [ T J [ ]
CCRO buffer register  0000H X Dor X Do
TTOCCR1 register Dis X Do
| | [T [ ]
CCR1 buffer register  0000H X Dis X Dz
INTTTOCCO signal

INTTTOCCH1 signal

Remarks 1. Do1, Do2: Set values of TTOCCRO register
D11, D12: Set values of TTOCCR1 register
2. The above timing chart illustrates an example of the operation in the interval timer
mode.
3. n=0,1

RO1UH0232EJ0200 Rev.2.00 421
Mar 25, 2014 RENESAS



VB850ES/JES-E, V850ES/JG3-E CHAPTER 8 16-BIT TIMER/EVENT COUNTER T (TMT)

(b) Batch write

In this mode, data is transferred all at once from the TTOCCRO and TTOCCR1 registers to the CCR0 and CCR1
buffer registers during timer operation. This data is transferred upon a match between the value of the CCRO
buffer register and the value of the 16-bit counter. Transfer is enabled by writing to the TTOCCR1 register.
Whether to enable or disable the next transfer timing is controlled by writing or not writing to the TTOCCR1
register.

In order for the set value when the TTOCCRO and TTOCCR1 registers are rewritten to become the 16-bit
counter comparison value (in other words, in order for this value to be transferred to the CCR0O and CCR1
buffer registers), it is necessary to rewrite the TTOCCRO register and then write to the TTOCCR1 register before
the 16-bit counter value and the CCRO buffer register value match. Therefore, the values of the TTOCCRO and
TTOCCR1 registers are transferred to the CCRO and CCR1 buffer registers upon a match between the count
value of the 16-bit counter and the value of the CCRO buffer register. Thus even when wishing only to rewrite
the value of the TTOCCRO register, also write the same value (same as preset value of the TTOCCR1 register)
to the TTOCCR1 register.
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Figure 8-5. Flowchart of Basic Operation for Batch Write

( START )

Initial settings

|
o Set values to TTOCCRn register
o Timer operation enable (TTOCE
bit = 1)
— Transfer values of TTOCCRn
register to CCRn buffer
register

TTOCCRO register rewrite

TTOCCR1 register rewrite

|

Timer operation

e Match between 16-bit counter —— INTTTOCCH signal output
and CCR1 buffer registerN°®

¢ Match between 16-bit counter
and CCRO buffer register

e 16-bit counter clear & start

e Transfer of values of TTOCCRn
register to CCRn buffer register

Batch write enable

INTTTOCCO signal output

Note The 16-bit counter is not cleared upon a match between the 16-bit counter value and the CCR1
buffer register value. It is cleared upon a match between the 16-bit counter value and the CCRO
buffer register value.

Caution Writing to the TTOCCR1 register includes enabling of batch write. Thus, rewrite the
TTOCCRT1 register after rewriting the TTOCCRO register.

Remark The above flowchart illustrates an example of the operation in the PWM output mode.
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Figure 8-6. Timing of Batch Write

FFFFH

16-bit counter

0000H

TTOCCRO register

CCRO buffer register

TTOCCR1 register

CCR1 buffer register

INTTTOCCO signal

INTTTOCCA1 signal

TOTOO pin output

TOTO1 pin output

TTOCE bit =1

D12/

D11, D12:

Dot X Doz X Dos

| ] | | ) [ L ) | |
0000H X! Dor X Note2” X Note 122

‘ ‘ ‘ \ | {_Same value write |

D11 XNo(e 2 D12 X Note 3 D12

] | (] 1] 1] |

0000H D11 J D12 J 12
Note 1 Note 1

Remarks 1. Do1, Doz, Dos: Set values of TTOCCRO register
Set values of TTOCCR1 register
2. The above timing chart illustrates the operation in the PWM output mode as an example.

Notes 1. Because the TTOCCR1 register was not rewritten, Dos is not transferred.

2. Because the TTOCCRI1 register has been written (D12), data is transferred to the CCR1

buffer register upon a match between the value of the 16-bit counter and the value of the
TTOCCRO register (Dot).

3. Because the TTOCCRI1 register has been written (D12), data is transferred to the CCR1

buffer register upon a match between the value of the 16-bit counter and the value of the
TTOCCRO register (Doz2).
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8.6.1 Interval timer mode (TTOMD3 to TTOMDO bits = 0000)

In the interval timer mode, an interrupt request signal (INTTTOCCO) is generated at the interval set by the TTOCCRO
register if the TTOCTLO.TTOCE bit is set to 1. A square wave whose half cycle is equal to the interval can be output from
the TOTOO pin.

The TTOCCR1 register is not used in the interval timer mode. However, the set value of the TTOCCR1 register is
transferred to the CCR1 buffer register, and when the count value of the 16-bit counter matches the value of the CCR1
buffer register, a compare match interrupt request signal (INTTTOCC1) is generated. In addition, a square wave, which is
inverted when the INTTTOCC1 signal is generated, can be output from the TOTO1 pin.

The value of the TTOCCRO and TTOCCR1 registers can be rewritten even while the timer is operating.

Figure 8-7. Configuration of Interval Timer

Clear
Count clock . Output .
selection } 16-bit counter controller ©TOT00 pin
Match signal
% alch signa INTTTOCCO signal
TTOCE bit CCRO buffer register
TTOCCRO register
Figure 8-8. Basic Timing of Operation in Interval Timer Mode
FFFFH
. Do Do — Do — Do A
16-bit counter
0000H
TTOCE bit
TTOCCRO register:X Do
TOTOO pin output
INTTTOCCO signal —l —l —l —l
Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1)
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When the TTOCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0000H in synchronization with
the count clock, and the counter starts counting. At this time, the output of the TOTOO pin is inverted. Additionally, the set
value of the TTOCCRO register is transferred to the CCRO buffer register.

When the count value of the 16-bit counter matches the value of the CCRO buffer register, the 16-bit counter is cleared
to 0000H, the output of the TOTOO0 pin is inverted, and a compare match interrupt request signal (INTTTOCCO) is
generated.

The interval can be calculated by the following expression.

Interval = (Set value of TTOCCRO register + 1) x Count clock cycle

Figure 8-9. Register Setting for Interval Timer Mode Operation (1/2)

(a) TMTO control register 0 (TTOCTLO)

TTOCE TTOCKS2 TTOCKS1 TTOCKSO

TTOCTLO|O/1‘0‘O‘0‘0‘0/1‘0/1‘0/1'

Select count clock

0: Stops counting
1: Enables counting

(b) TMTO control register 1 (TTOCTL1)

TTOEST TTOEEE TTOMD3 TTOMD2 TTOMD1 TTOMDO
0 ‘ 0 0 0 |

\ 0,0,0,0:
Interval timer mode

TTOCTLA | 0 0 0

(c) TMTO I/O control register 0 (TT0IOCO)

TTOOL1 TTOOE1 TTOOLO TTOOEO

TTOIOCO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 0/1 ‘ 0/ ‘ 0/1 |

0: Disables TOTO0O pin output
1: Enables TOTOO pin output

Setting of TOTOO pin output
level before count operation
0: Low level
1: High level

0: Disables TOTO1 pin output
1: Enables TOTO1 pin output

Setting of TOTO1 pin output
level before count operation
0: Low level
1: High level
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Figure 8-9. Register Setting for Interval Timer Mode Operation (2/2)

(d) TMTO counter read buffer register (TTOCNT)
By reading the TTOCNT register, the count value of the 16-bit counter can be read.

(e) TMTO capture/compare register 0 (TTOCCRO)
If the TTOCCRO register is set to Do, the interval is as follows.

Interval = (Do + 1) x Count clock cycle

(f) TMTO capture/compare register 1 (TTOCCR1)
The TTOCCR1 register is not used in the interval timer mode. However, the set value of the TTOCCR1
register is transferred to the CCR1 buffer register. When the count value of the 16-bit counter matches
the value of the CCR1 buffer register, the TOTO1 pin output is inverted and a compare match interrupt
request signal (INTTTOCC1) is generated.
By setting this register to the same value as the value set in the TTOCCRO register, a square wave can
be output from the TOTO1 pin.
When the TTOCCR1 register is not used, it is recommended to set its value to FFFFH. Also mask the
register by the interrupt mask flag (TTOCCIC1.TTOCCMK1).

Remark TMTO control register 2 (TTOCTL2), TMTO 1/O control register 1 (TTOIOC1), TMTO I/O control
register 2 (TTOIOC2), TMTO I/O control register 3 (TTOIOC3), TMTO option register 0O
(TTOOPTO), TMTO option register 1 (TTOOPT1), and TMTO counter write register (TTOTCW)
are not used in the interval timer mode.
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(1) Interval timer mode operation flow

Figure 8-10. Software Processing Flow in Interval Timer Mode

FFFFH

16-bit counter Do Do Do ——r—
0000H
TTOCE bit
TTOCCRO register :X Do

TOTOO pin output

INTTTOCCO signal

<1>

<1> Count operation start flow

(o)

Register initial setting
TTOCTLO register
(TTOCKSO to TTOCKS?2 bits)
TTOCTLA1 register,
TTOIOCO register,
TTOCCRO register

TTOCE bit = 1

<2> Count operation stop flow

TTOCE bit=0

=

Initial setting of these registers is performed
before setting the TTOCE bit to 1.

The TTOCKSO to TTOCKS?2 bits can be
set at the same time as when counting
starts (TTOCE bit = 1).

The counter is initialized and counting is
stopped by clearing the TTOCE bit to 0.
The output level of the TOTOO pin is as
specified by the TTOIOCO register.

<2>
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(2) Interval timer mode operation timing

(a) Operation if TTOCCRO register is set to 0000H

If the TTOCCRO register is set to 0000H, the INTTTOCCO signal is generated at each count clock, and the
output of the TOTOO pin is inverted.
The value of the 16-bit counter is always 0000H.

Count clock

16-bit counter

TTOCE bit

TTOCCRO register

TOTOO pin output

INTTTOCCO signal

FFFFH 0000H 0000H 0000H 0000H
0000H
Interval time Interval time Interval time
Count clock cycle | Count clock cycle | Count clock cycle
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(b) Operation if TTOCCRO register is set to FFFFH
If the TTOCCRO register is set to FFFFH, the 16-bit counter counts up to FFFFH. The counter is cleared to
0000H in synchronization with the next count-up timing. The INTTTOCCO signal is generated and the output of
the TOTOO pin is inverted. At this time, an overflow interrupt request signal (INTTTOQV) is not generated, nor is
the overflow flag (TTOOPTO.TTOOVF bit) set to 1.

FFFFH

16-bit counter

0000H

TTOCE bit

TTOCCRO register

TOTOO pin output

INTTTOCCO signal

FFFFH
Interval time Interval time Interval time
10000H x 10000H x 10000H x

count clock cycle

count clock cycle

count clock cycle
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(c) Notes on rewriting TTOCCRO register
If the value of the TTOCCRO register is rewritten to a smaller value during counting, the 16-bit counter may
overflow. When an overflow may occur, stop counting and then change the set value.

FFFFH
D+ D+

16-bit counter
I ! D2 Do D2

0000H

TTOCE bit

TTOCCRO register D1 D2

TTOOLO bit L

TOTOO pin output

INTTTOCCO signal —| —| —|

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 TTOCCRO register is changed from D1 to D2 while the count value is greater than D2 but less
than D1, the count value is transferred to the CCRO buffer register as soon as the TTOCCRO register has been
rewritten. Consequently, the value of the 16-bit counter that is compared is D2.

Because the count value has already exceeded D2, however, the 16-bit counter counts up to FFFFH, overflows,
and then counts up again from 0000H. When the count value matches Dz, the INTTTOCCO signal is generated
and the output of the TOTOO pin is inverted.

Therefore, the INTTTOCCO signal may not be generated at the interval time “(D1 + 1) x Count clock cycle” or
“(D2 + 1) x Count clock cycle” as originally expected, but may be generated at an interval of “(10000H + D2 + 1)
x Count clock cycle”.
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(d) Operation of TTOCCR1 register

Figure 8-11. Configuration of TTOCCR1 Register

Count clock
selection

TTOCCR1 register

iy

—O TOTO1 pin

INTTTOCCH1 signal

. Output
CCR1 buffer register controller
{} Match signal
Clear
Output

16-bit counter

>
controller

—©) TOTO0 pin

{} Match signal
ﬁ

TTOCE bit

CCRO buffer register

Tt

TTOCCRO register

INTTTOCCO signal
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When the TTOCCR1 register is set to the same value as the TTOCCRO register, the INTTTOCCO signal is
generated at the same timing as the INTTTOCC1 signal and the TOTO1 pin output is inverted. In other words, a
square wave can be output from the TOTO01 pin.

The following shows the operation when the TTOCCR1 register is set to other than the value set in the
TTOCCRO register.

If the set value of the TTOCCR1 register is less than the set value of the TTOCCRO register, the INTTTOCCA1
signal is generated once per cycle. Atthe same time, the output of the TOTO1 pin is inverted.

The TOTO1 pin outputs a square wave after outputting a short-width pulse.

Figure 8-12. Timing Chart When Do1 > D11

FFFFH
Dot

Dot Dot — — [
16-bit counter Di1 D11 / D11 Z D11 Z

0000H

TTOCE bit

TTOCCRO register Do1

TOTOO pin output

INTTTOCCO signal _l —l —l —l

TTOCCRI1 register D11

TOTO1 pin output

INTTTOCCH signal —| _| —| —|
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If the set value of the TTOCCR1 register is greater than the set value of the TTOCCRO register, the count value
of the 16-bit counter does not match the value of the TTOCCR1 register. Consequently, the INTTTOCC1 signal
is not generated, nor is the output of the TOTO1 pin changed.

When the TTOCCRH1 register is not used, it is recommended to set its value to FFFFH.

Figure 8-13. Timing Chart When Do1 < D11

FFFFH

16-bit counter

0000H

TTOCE bit

TTOCCRO register Do+

TOTOO pin output

INTTTOCCO signal —l —l —l —l

TTOCCRA1 register D

TOTO1 pin output

INTTTOCCH signal L

RO1UH0232EJ0200 Rev.2.00 434
Mar 25, 2014 RENESANAS



VB850ES/JES-E, V850ES/JG3-E CHAPTER 8 16-BIT TIMER/EVENT COUNTER T (TMT)

8.6.2 External event count mode (TTOMD3 to TTOMDO bits = 0001)

In the external event count mode, the valid edge of the external event count input (TENCOO) is counted when the
TTOCTLO.TTOCE bit is set to 1, and an interrupt request signal (INTTTOCCO) is generated each time the number of edges
set by the TTOCCRO register have been counted. The TOT00 and TOTO1 pins cannot be used.

The TTOCCRH1 register is not used in the external event count mode.

Figure 8-14. Configuration in External Event Count Mode

Clear
TENCOO pin Edge
(external event O— detectorNote >— 16-bit counter
count input)
Match signal
L atch signa INTTTOCCO signal
TTOCE bit CCRO buffer register

i

TTOCCRO register

Note Set by the TTOIOC2.TTOEES1 and TTOIOC2.TTOEESO bits.
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Figure 8-15. Basic Timing in External Event Count Mode

FFFFH

\

Do Do “‘ Do
16-bit counter ! !
0000H f 3 16-bit counter
: : External event
TTOCE bit ! count input
JE— ! 1 (TENCOO pin input)
TTOCCRO register x Dot : TTOCCRO register
INTTTOCCO signal 1 | 1 : | INTTTOCCO signal
External | External 1External
event event event
count count count
(Do+1) (Do+1) (Do+1)

T
K \
\

Do — 1 X Do

0000 X 0001

L L

L L

Do

=

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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When the TTOCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0000H. The counter counts
each time the valid edge of external event count input is detected. Additionally, the set value of the TTOCCRO register is
transferred to the CCRO buffer register.

When the count value of the 16-bit counter matches the value of the CCRO buffer register, the 16-bit counter is cleared
to 0000H, and a compare match interrupt request signal (INTTTOCCO) is generated.

The INTTTOCCO signal is generated each time the valid edge of the external event count input has been detected
“value set to TTOCCRO register + 1” times.

Figure 8-16. Register Setting for Operation in External Event Count Mode (1/2)

(a) TMTO control register 0 (TTOCTLO)

TTOCE TTOCKS2 TTOCKS1 TTOCKSO
TTOCTLO|O/1‘O‘O‘O‘O‘O‘O‘O|

‘ 0: Stops counting
1: Enables counting

(b) TMTO control register 1 (TTOCTL1)

TTOEST TTOEEE TTOMD3 TTOMD2 TTOMDi TTOMDO
TTOCTL1|O‘O‘O‘O‘O‘O‘O‘1|

\ 0,0,0,1:
External event count mode

(c) TMTO I/O control register 2 (TT0IOC2)

TTOEES1 TTOEESO TTOETS1 TTOETSO
TTOIOC2 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 0/1 ‘ 0 ‘ 0 |

Select valid edge
of external event
count input (TENCOO pin)

(d) TMTO counter read buffer register (TTOCNT)
The count value of the 16-bit counter can be read by reading the TTOCNT register.

(e) TMTO capture/compare register 0 (TTOCCRO)
If the TTOCCRO register is set to Do, the count is cleared when the number of external events has reached
(Do + 1) and the compare match interrupt request signal (INTTTOCCO) is generated.
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Figure 8-16. Register Setting for Operation in External Event Count Mode (2/2)

(f) TMTO capture/compare register 1 (TTOCCR1)
The TTOCCR1 register is not used in the external event count mode. However, the set value of the
TTOCCRA1 register is transferred to the CCR1 buffer register. When the count value of the 16-bit counter
matches the value of the CCR1 buffer register, a compare match interrupt request signal (INTTTOCC1) is
generated.
When the TTOCCR1 register is not used, it is recommended to set its value to FFFFH. Also mask the
register by the interrupt mask flag (TTOCCIC1.TTOCCMK1).

Remark TMTO control register 2 (TTOCTL2), TMTO I/O control register 0 (TTOIOCQ), TMTO I/O control
register 1 (TTOIOC1), TMTO 1/O control register 3 (TTOIOC3), TMTO option register 0
(TTOOPTO), TMTO option register 1 (TTOOPT1), and TMTO counter write register (TTOTCW) are
not used in the external event count mode.
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(1) External event count mode operation flow

Figure 8-17. Software Processing Flow in External Event Count Mode

FFFFH

Do
16-bit counter

0000H

TTOCE bit

TTOCCRO register x Do
INTTTOCCO signal —l —l —l

<1> <2>

<1> Count operation start flow

Cor D

Register initial setting Initial setting of these registers
TTOCTLI1 register, is performed before setting the
TTOIOC2 register, TTOCE bit to 1.

TTOCCRO, TTOCCRH1 registers

TTOCE bit = 1

<2> Count operation stop flow

The counter is initialized and counting
TTOCE bit=0 is stopped by clearing the TTOCE bit to 0.

=
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(2) Operation timing in external event count mode

(a) Operation if TTOCCRO register is set to 0000H
When the TTOCCRO register is set to 0000H, the 16-bit counter is repeatedly cleared to 0000H and generates
the INTTTOCCO signal each time it has detected the valid edge of the external event count signal and its value
has matched that of the CCRO buffer register.
The value of the 16-bit counter is always 0000H.

FFFFH

16-bit counter

0000H

TTOCE bit

TTOCCRO register 0000H

INTTTOCCO signal |_| |_| |_| |_| |_| |_| |_| |_| |_| |_|_

INTTTOCCO signal is generated each time the 16-bit
counter counts the valid edge of the external event count input.

(b) Operation if TTOCCRO register is set to FFFFH
If the TTOCCRO register is set to FFFFH, the 16-bit counter counts up to FFFFH each time the valid edge of
the external event count signal has been detected. The 16-bit counter is cleared to 0000H in synchronization
with the next count-up timing, and the INTTTOCCO signal is generated. At this time, the TTOOPTO.TTOOVF bit

is not set.
FFFFH
16-bit counter
0000H
TTOCE bit
TTOCCRO register FFFFH
INTTTOCCO signal —l —l —l
External event | External event | External event
count: 10000H | count: 10000H | count: 10000H
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(c) Operation with TTOCCRO set to FFFFH and TTOCCR1 register to 0000H
When the TTOCCRO register is set to FFFFH, the 16-bit counter counts up to FFFFH each time it has detected
the valid edge of the external event count signal. The counter is then cleared to 0000H in synchronization with
the next count-up timing and the INTTTOCCO signal is generated. At this time, the TTOOPTO.TTOOVF bit is not
set.
If the TTOCCR1 register is set to 0000H, the INTTTOCC1 signal is generated when the 16-bit counter is cleared
to 0000H.

FFFFH

16-bit counter

0000H

TTOCE bit

TTOCCRO register FFFFH

INTTTOCCO signal —l _| —l

TTOCCR1 register 0000H

INTTTOCCH signal |_| |_| |_| |_|
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(d) Notes on rewriting TTOCCRO register
If the value of the TTOCCRO register is rewritten to a smaller value during counting, the 16-bit counter may
overflow. When an overflow may occur, stop counting once and then change the set value.

FFFFH

D D1

16-bit counter
! ! D2 Do Do

0000H

TTOCE bit

TTOCCRO register D1 D2

INTTTOCCO signal —l —l —l

External event External event count (NG): |External event
count (1): (10000H + D2 + 1) count (2):
(D1+1) (D2 +1)

If the value of the TTOCCRO register is changed from D1 to D2 while the count value is greater than D2 but less
than D1, the count value is transferred to the CCRO buffer register as soon as the TTOCCRO register has been
rewritten. Consequently, the value that is compared with the 16-bit counter is D2.

Because the count value has already exceeded D2, however, the 16-bit counter counts up to FFFFH, overflows,
and then counts up again from 0000H. When the count value matches Dz, the INTTTOCCO signal is generated.
Therefore, the INTTTOCCO signal may not be generated at the valid edge count of “(D1 + 1) times” or “(D2 + 1)
times” as originally expected, but may be generated at the valid edge count of “(10000H + D2 + 1) times”.
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(e) Operation of TTOCCR1 register

Figure 8-18. Configuration of TTOCCR1 Register

TTOCCR1 register

iy

CCRT1 buffer register

<L/L Match signal INTTTOCC1 signa
Clear

TENCO0 pin
(external event ©Q—

count input)

Edge
detectorot

16-bit counter

Match signal
{} alch signa INTTTOCCO signal

TTOCE bit CCRO buffer register

Tt

TTOCCRO register

Note Set by the TTOIOC2.TTOEES1 and TTOIOC2.TTOEESO bits.

If the set value of the TTOCCR1 register is smaller than the set value of the TTOCCRO register, the INTTTOCCA1
signal is generated once per cycle.

Figure 8-19. Timing Chart When Do1 > D11

FFFFH

Dot —— Dot — Dot —— Dot ——
16-bit counter D11 Z D11 Z Di1 Z D11 Z

0000H

TTOCE bit

TTOCCRO register Dot

INTTTOCCO signal —l —l —l —l

TTOCCR1 register D11

INTTTOCCH signal _| _| _| _|
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If the set value of the TTOCCR1 register is greater than the set value of the TTOCCRO register, the INTTTOCC1
signal is not generated because the count value of the 16-bit counter and the value of the TTOCCR1 register
do not match.

When the TTOCCRH1 register is not used, it is recommended to set its value to FFFFH.

Figure 8-20. Timing Chart When Do1 < D11

FFFFH

16-bit counter

0000H

TTOCE bit

TTOCCRO register Dot

INTTTOCCO signal —| —| —| —|

TTOCCR1 register D11
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8.6.3 External trigger pulse output mode (TTOMD3 to TTOMDO bits = 0010)
In the external trigger pulse output mode, 16-bit timer/event counter T waits for a trigger when the TTOCTLO.TTOCE bit
is set to 1. When the valid edge of an external trigger input (TENCOO) is detected, 16-bit timer/event counter T starts
counting, and outputs a PWM waveform from the TOTO1 pin.
Pulses can also be output by generating a software trigger instead of using the external trigger. When using a software
trigger, a square wave that has the set value of the TTOCCRO register + 1 as half its cycle can also be output from the

TOTOO pin.

Figure 8-21. Configuration in External Trigger Pulse Output Mode

TENCO0 pin**" ©
(external
trigger input/
external event
count input)

Edge TTOCCRH1 register
detector'™**
{}<— Transfer
| .| Output
Software trigger CCR1 buffer register Rcontroller —@© TOTO1 pin
generation ( (RS-FF)
Edge L0 watoh signa ‘ INTTTOCCH signal
detector™**’ | Count ‘ ‘ Clear |

clock
Internal count clock ——{ <ojaction —L Count oot
start 1 16-bit counter ] OUPUl L@ TOT00 pin

controller
control

Match signal
{ % aich signa INTTTOCCO signal

TTOCE bit CCRO buffer register

{} Transfer

TTOCCRO register

Notes 1. The external trigger input (TENCO0O) pin is also used for the external event count input function.

In the external trigger pulse output mode, therefore, the external event count input function

cannot be used.

. Edge detector for external trigger input.

Set by the TTOIOC2.TTOETS1 and TTOIOC2.TTOETSO bits.

. Edge detector for external event count input.

Set by the TTOIOC2.TTOEES1 and TTOIOC2.TTOEESO bits.
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Figure 8-22. Basic Timing in External Trigger Pulse Output Mode

FFFFH
Do Do Do Do

16-bit counter D1 Zi D1 Zi D1 Z D1 Zi

0000H

TTOCE bit

(TENCOO pin input)

TTOCCRO register x Do
INTTTOCCO signal —l —l —l —l

TOTOO pin output

TTOCCR1 register x D+
INTTTOCCH signal —| —| —| —|

TOTO1 pin output

External trigger input ‘| ‘|

Wait |Active level Active level Active level
for |width (D1) width (D1) width (D+)
trigger
Cycle (Do+1) ' Cycle (Do + 1) Cycle (Do + 1)

16-bit timer/event counter T waits for a trigger when the TTOCE bit is set to 1. When the trigger is generated, the 16-bit
counter is cleared from FFFFH to 0000H, starts counting at the same time, and outputs a PWM waveform from the TOTO1
pin. If the trigger is generated again while the counter is operating, the counter is cleared to 0000H and restarted. (The
output of the TOTOO pin is inverted. The TOTO1 pin outputs a high level 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 TTOCCR1 register) x Count clock cycle
Cycle = (Set value of TTOCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TTOCCR1 register)/(Set value of TTOCCRO register + 1)

The compare match request signal (INTTTOCCO) is generated the next time the 16-bit counter counts after its count
value matches the value of the CCRO buffer register, and the 16-bit counter is cleared to 0000H. The compare match
interrupt request signal (INTTTOCCH1) is generated when the count value of the 16-bit counter matches the value of the
CCRH1 buffer register.

The value set to the TTOCCRn register is transferred to the CCRn buffer register when the count value of the 16-bit
counter matches the value of the CCRn buffer register and the 16-bit counter is cleared to 0000H.

The valid edge of an external trigger input (TENCO0O0), or setting the software trigger (TTOCTL1.TTOEST bit) to 1 is used
as the trigger (n =0, 1).
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Figure 8-23. Setting of Registers in External Trigger Pulse Output Mode (1/2)

(a) TMTO control register 0 (TTOCTLO)

TTOCE TTOCKS2 TTOCKS1 TTOCKSO
TTOCTLO|0/1‘ 0\0\0\0\0/1\0/1\0/1|

Select count clock

0: Stops counting
1: Enables counting

(b) TMTO control register 1 (TTOCTL1)

TTOEST TTOEEE TTOMD3 TTOMD2 TTOMD1 TTOMDO
moctii[ o [ on | o | o | o | o | 1 | o |
‘ ‘ ‘ ‘ ‘ 0,0,1,0:
External trigger pulse
output mode

Generates software trigger
when 1 is written

(c) TMTO I/O control register 0 (TTOIOCO)

TTOOL1 TTOOE1 TTOOLO TTOOEO
TTOIOCOlO \ 0\0\0\0/1\0/1\0/1\0/1|

0: Disables TOTOO pin output
1: Enables TOTOO pin output

Setting of TOTOO pin output level
while waiting for external trigger
0: Low level

1: High level

0: Disables TOTO1 pin output
1: Enables TOTO1 pin output

Setting of TOTO1 pin output level
while waiting for external trigger

0: Low level
1: High level
e When TTOOL1 bit =0 e When TTOOLT1 bit = 1
16-bit counter —I/I/I/I/ 16-bit counter —I/I/I/I/
TOTO1 pinoutput _ 111 I — TOTO1 pinoutput —_ 11 I 1L

(d) TMTO I/O control register 2 (TT0IOC2)

TTOEES1 TTOEESO TTOETS1 TTOETSO

Toiocz| o | o | o | o | o | o | o1 | on |
Select valid edge of external
trigger input (TENCOO pin)Nete
Note Set the valid edge selection of the unused alternate external input signals to “No edge detection”.
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Figure 8-23. Setting of Registers in External Trigger Pulse Output Mode (2/2)

(e) TMTO counter read buffer register (TTOCNT)
The value of the 16-bit counter can be read by reading the TTOCNT register.

(f) TMTO capture/compare registers 0 and 1 (TTOCCRO and TTOCCR1)
If Do is set to the TTOCCRO register and D1 to the TTOCCR1 register, the cycle and active level of the PWM
waveform are as follows.

Cycle = (Do + 1) x Count clock cycle
Active level width = D1 x Count clock cycle

Remark TMTO control register 2 (TTOCTL2), TMTO I/O control register 1 (TTOIOC1), TMTO I/O control
register 3 (TTOIOC3), TMTO option register 0 (TTOOPTO), TMTO option register 1 (TTOOPT1),
and TMTO counter write register (TTOTCW) are not used in the external trigger pulse output
mode.
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(1) Operation flow in external trigger pulse output mode

Figure 8-24. Software Processing Flow in External Trigger Pulse Output Mode (1/2)
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Figure 8-24. Software Processing Flow in External Trigger Pulse Output Mode (2/2)

<1> Count operation start flow <3> TTOCCRO, TTOCCRH1 register
setting change flow

| Writing of the TTOCCR1 register
C START ) ! must be performed when only

‘ the set duty factor is changed.
When the counter is cleared after

Setting of TTOCCR1 register setting, the value of the
TTOCCRRn register is transferred

Register initial setting Initial setting of these ‘ to the CCRn buffer register.
TTOCTLO register registers is performed !
(TTOCKSO to TTOCKS2 bits) before setting the !
TTOCTLA1 register, TTOCE bit to 1.

TTOIOCO register,
TTOIOC2 register,
TTOCCRO register,

TTOCCR1 register <4> TTOCCRO, TTOCCR1 register

setting change flow

The TTOCKSO to \
TTOCKS?2 bits can be
set at the same time ‘

TTOCE bit = 1 as when counting is When the counter is
enabled (TTOCE bit = 1). Setting of TTOCCRO register cleared after setting,
Trigger wait status. the value of the TTOCCRn

register is transferred to
the CCRn bulffer register.

Setting of TTOCCR1 register

<2> TTOCCRO and TTOCCR1 register

setting change flow <5> Count operation stop flow

! Writing the same value

‘ (same as preset value of
the TTOCCRHI register) TTOCE bit = ing i

Setting of TTOCCRO register to the TTOCCR1 register OCE bit =0 Counting is stopped.
is necessary only when
the set cycle is changed.

When the counter is STOP
Setting of TTOCCRH register cleared after setting,
the values of the TTOCCRn
register are transferred to
the CCRn buffer register
in a batch.

Remark n=0,1
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(2) External trigger pulse output mode operation timing

(a) Note on changing pulse width during operation
To change the PWM waveform while the counter is operating, write the TTOCCR1 register last.
Rewrite the TTOCCRn register after writing the TTOCCR1 register after the INTTTOCCO signal is detected.

FFFFH
Dot —4— Dot ——
16-bit counter Doo -4~ Doo -4~ Doo 4~ D11 / D11 /
D1o /] D1o /| D1o /|
0000H / / /
TTOCE bit
External trigger input
(TENCOO pin input)

TTOCCRO register x Doo X Dot

CCRO buffer register Doo Dot

INTTTOCCO signal —l —l —l —l —l

TOTOO pin output

TTOCCR1 register x D1o X Di1

CCR1 buffer register D1o D11

INTTTOCCH signal _| —| —| —| —|

TOTO1 pin output
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In order to transfer data from the TTOCCRn register to the CCRn buffer register, the TTOCCR1 register must be
written.

To change both the cycle and active level width of the PWM waveform at this time, first set the cycle to the
TTOCCRO register and then set the active level width to the TTOCCR1 register.

To change only the cycle of the PWM waveform, first set the cycle to the TTOCCRO register, and then write the
same value (same as preset value of the TTOCCR1 register) to the TTOCCR1 register.

To change only the active level width (duty factor) of the PWM waveform, only the TTOCCR1 register has to be
set.

After data is written to the TTOCCR1 register, the value written to the TTOCCRn register is transferred to the
CCRn buffer register in synchronization with clearing of the 16-bit counter, and is used as the value compared
with the 16-bit counter.

To write the TTOCCRO or TTOCCR1 register again after writing the TTOCCR1 register once, do so after the
INTTTOCCO signal is generated. Otherwise, the value of the CCRn buffer register may become undefined
because the timing of transferring data from the TTOCCRn register to the CCRn buffer register conflicts with
writing the TTOCCRn register.

Remark n=0,1
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(b) 0%/100% output of PWM waveform

To output a 0% waveform, set the TTOCCR1 register to 0000H. The 16-bit counter is cleared to 0000H and the
INTTTOCCO and INTTTOCCH1 signals are generated after a match between the count value of the 16-bit

counter and the value of the CCRO buffer register.

Count clock |||||||||||||||||||
16-bit counter  FFFF X 0000 ::XDO—1X Do 0000X0001x ::XDo—1X Do OOOOX
(
)

TTOCE bit J

External trigger input H
(TENCOO pin input)

{(
)]

{
)
(( ((
Iql Iql
)] )]
{
)
{
)

TTOCCRO register Do Do Do
E )
) )]
TTOCCRHT register 0000H 0000H 0000H
{( {(
)] )]
Note [[Note
INTTTOCCO signal y "
)] )]
[ Note [[Note
INTTTOCCH1 signal

TOTO1 pin output L

Note The timing is actually delayed by one operating clock (fxx).
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To output a 100% waveform, set a value of (set value of TTOCCRO register + 1) to the TTOCCR1 register. If the

set value of the TTOCCRO register is FFFFH, 100% output cannot be produced.

Count clock | | | | | | | | | | | | | | | | | |
16-bit counter  FFFF |[X 0000 ;:X Do — 1X Do 0000 X 0001 X ;:X Do — 1X Do 0000 x
)]

)]
TTOCE bit J

External trigger input _|
(TENCOO pin input)

TTOCCRO register Do Do Do
! !
)] )]
TTOCCR1 register Do +1 ) Do + 1 ) Do + 1
)] )]
Note Note
INTTTOCCO signal "
)]

INTTTOCCH1 signal

TOTO1 pin output

Note The timing is actually delayed by one operating clock (fxx).
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(c) Conflict between trigger detection and match with CCR1 buffer register

If the trigger is detected immediately after the INTTTOCC1 signal is generated, the 16-bit counter is
immediately cleared to 0000H, the TOTO1 pin is asserted, and the counter continues counting. Consequently,
the inactive period of the PWM waveform is shortened.

16-bit counter FFFF 0000

External trigger input
(TENCOO pin input)

CCR1 buffer register

INTTTOCCH1 signal

TOTO1 pin output

>

0000 x

[

XD1—1

s

{(
)T
{ (
)T

D1

{(
)]

:

|t

Shortened

If the trigger is detected immediately before the INTTTOCC1 signal is generated, the INTTTOCC1 signal is not
generated, and the 16-bit counter is cleared to 0000H and continues counting. The output signal of the TOTO1
pin remains active. Consequently, the active period of the PWM waveform is extended.

External trigger input
(TENCOO pin input)

16-bit counter ~ FFFF |[X 0000 x D1 —2X

[

X OOOOX 0001 X::XE

CCR1 buffer register

D1

INTTTOCCH1 signal

TOTO1 pin output

Extended
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(d) Conflict between trigger detection and match with CCRO buffer register
If the trigger is detected immediately after the INTTTOCCO signal is generated, the 16-bit counter is cleared to

0000H and continues counting up again from that point.

extended by the time from generation of the INTTTOCCO signal to trigger detection.

Therefore, the active period of the TOTO1 pin is

External trigger input
(TENCOO pin input)

CCRO buffer register

INTTTOCCO signal

TOTO1 pin output

16-bit counter  FFFF .OOOO x Do — 1X Do |[X 0000 |X 0000 X:

.

Do

-

Extended

If the trigger is detected immediately before the INTTTOCCO signal is generated, the INTTTOCCO signal is not
generated. The 16-bit counter is cleared to 0000H, the TOTO1 pin is asserted, and the counter continues
counting. Consequently, the inactive period of the PWM waveform is shortened.

External trigger input
(TENCOO pin input)

CCRO buffer register

INTTTOCCO signal

TOTO1 pin output

|
16-bit counter ~ FFFF .0000 x Do — 1X Do [X 0000 X 0001 X:

g

Do

|t — |

Shortened
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(e) Generation timing of compare match interrupt request signal (INTTTOCC1)
The timing of generating the INTTTOCC1 signal in the external trigger pulse output mode differs from the timing
of generating INTTTOCCH1 signals in other modes; the INTTTOCC1 signal is generated when the count value of

the 16-bit counter matches the value of the TTOCCR1 register.

Count clock

16-bit counter

D1-2 X Di1-1

D1

D1+ 1 X D1+2

TTOCCRHT register

D1

TOTO1 pin output

INTTTOCCA1 signal

Note

'| Note

Note The timing is actually delayed by one operating clock (fxx).

Usually, the INTTTOCC1 signal is generated in synchronization with the next count-up, after the count value of

the 16-bit counter matches the value of the TTOCCR1 register.

In the external trigger pulse output mode, however, it is generated one clock earlier. This is because the timing
is changed to match the timing when the output signal of the TOTO01 pin changes.
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8.6.4 One-shot pulse output mode (TTOMD3 to TTOMDO bits = 0011)
In the one-shot pulse output mode, 16-bit timer/event counter T waits for a trigger when the TTOCTLO.TTOCE bit is set

to 1. When the valid edge of an external trigger input is detected, 16-bit timer/event counter T starts counting, and outputs

a one-shot pulse from the TOTO1 pin.

Instead of the external trigger input , a software trigger can also be generated to output the pulse. When the software

trigger is used, the TOTOO pin outputs the active level while the 16-bit counter is counting, and the inactive level when the
counter is stopped (waiting for a trigger).

Figure 8-25. Configuration in One-Shot Pulse Output Mode

Edge

TENCO0 pin**" ©
(external
trigger input/
external event
count input)

detector"™*?

Edge

detector™™*®

Software trigger

generation

1

Internal count clock —

Count

TTOCCRI register

L

clock
selection 1}

Count
start
control

Transfer

=1

| .| Output
CCR1 buffer register goontroller —© TOTO1 pin
(RS-FF)
{} Match signal .
INTTTOCC1 signal
‘ ‘ Clear |
Output
16-bit counter +—= “controller —©) TOTO00 pin
(RS-FF)

TTOCE bit

{} Match signal
ﬁ

CCRO buffer register

i

TTOCCRO register

Transfer |

INTTTOCCO signal

Notes 1. Because the TENCOO pin functions as both an external trigger input and a external event count

input, the external event count input function cannot be used when using an external trigger

input.

. Edge detector for external trigger input.

Set by the TTOIOC2.TTOETS1 and TTOIOC2.TTOETSO bits.

. Edge detector for external event count input.

Set by the TTOIOC2.TTOEES1 and TTOIOC2.TTOEESO bits.
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Figure 8-26. Basic Timing in One-Shot Pulse Output Mode

FFFFH
Do — Do — Do —
16-bit counter D Z D Z D Z
0000H
TTOCE bit

External trigger input _| _| _|
(TENCOO pin input)
TTOCCRO register x Do

INTTTOCCO signal

TOTOO pin output

TTOCCR1 register x D1
INTTTOCCA1 signal —| —| —|

TOTO1 pin output

Delay | Active Delay | Active Delay | Active
(D) level width (D1) level width  (D1) level width
(Do—D1 + 1) (Do— D1+ 1) (Do—D1 + 1)

When the TTOCE bit is set to 1, 16-bit timer/event counter T waits for a trigger. When the trigger is generated, the 16-bit
counter is cleared from FFFFH to 0000H, starts counting, and outputs a one-shot pulse from the TOTO1 pin. After the one-
shot pulse is output, the 16-bit counter is cleared to 0000H, stops counting, and waits for a trigger. When the trigger is
generated again, the 16-bit counter starts counting from 0000H. 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 TTOCCR1 register) x Count clock cycle
Active level width = (Set value of TTOCCRO register — Set value of TTOCCR1 register + 1) x Count clock cycle

The compare match interrupt request signal (INTTTOCCO) is generated the next time the 16-bit counter counts after its
count value matches the value of the CCRO buffer register. The compare match interrupt request signal (INTTTOCC1) is
generated when the count value of the 16-bit counter matches the value of the CCR1 buffer register.

The valid edge of an external trigger input (TENCOO pin) or setting the software trigger (TTOCTL1.TTOEST bit) to 1 is
used as the trigger.
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Figure 8-27. Setting of Registers in One-Shot Pulse Output Mode (1/2)

(a) TMTO control register 0 (TTOCTLO)

TTOCE TTOCKS2 TTOCKS1 TTOCKSO
TTOCTLO|0/1‘O‘0‘ 0\0\0/1\0/1\0/1|

——— Select count clock°*®

0: Stops counting
1: Enables counting

Note The setting is invalid when the TTOCTL1.TTOEEE bit = 1.

(b) TMTO control register 1 (TTOCTL1)

TTOEST TTOEEE TTOMD3 TTOMD2 TTOMD1 TTOMDO
TTOCTL1|0‘O/1‘O‘O‘O‘O‘1‘1|

\ 0,0,1,1:
One-shot pulse output mode

Generates software trigger
when 1 is written

(c) TMTO I/O control register 0 (TTOIOCO)

TTOOL1 TTOOE1 TTOOLO TTOOEO
moioco [ o | o | o | o | or | o | on | on |

0: Disables TOTOO pin output
1: Enables TOTOO pin output

Setting of TOTOO pin output level
while waiting for external trigger

0: Low level

1: High level

0: Disables TOTO1 pin output
1: Enables TOTO1 pin output

Setting of TOTO1 pin output level
while waiting for external trigger

0: Low level
1: High level
e When TTOOL1 bit =0 e When TTOOL1 bit =1
16-bit counter v | v | 16-bit counter d | d |
TOTO1 pin output 1 1 TOTO1 pin output LT |
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Figure 8-27. Setting of Registers in One-Shot Pulse Output Mode (2/2)

(d) TMTO I/O control register 2 (TT0IOC2)

TTOEES1 TTOEESO TTOETS1 TTOETSO
TTOIOC2 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/ ‘ 0/ |

Select valid edge of external

trigger input (TENCOO pin)Nete

Note Set the valid edge selection of the unused alternate external input signals to “No edge
detection”.

(e) TMTO counter read buffer register (TTOCNT)
The value of the 16-bit counter can be read by reading the TTOCNT register.

(f) TMTO capture/compare registers 0 and 1 (TTOCCRO and TTOCCR1)
If Do is set to the TTOCCRO register and D1 to the TTOCCR1 register, the active level width and output
delay period of the one-shot pulse are as follows.
Active level width = (Do — D1 + 1) x Count clock cycle
Output delay period = D1 x Count clock cycle

Remark TMTO control register 2 (TTOCTLZ2), TMTO /O control register 1 (TTOIOC1), TMTO I/O control
register 3 (TTOIOC3), TMTO option register 0 (TTOOPTO0), TMTO option register 1 (TTOOPT1),
and TMTO counter write register (TTOTCW) are not used in the one-shot pulse output mode.
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(1) Operation flow in one-shot pulse output mode

Figure 8-28. Software Processing Flow in One-Shot Pulse Output Mode

FFFFH

16-bit counter

0000H

Doo —
Dio Z

Dot —
Dri /

TTOCE bit

External trigger input
(TENCOO pin input)

TTOCCRO register

X

INTTTOCCO signal

X

TTOCCR1 register

INTTTOCCH1 signal

TOTO1 pin output

<1>

<1> Count operation start flow

(s )

Register initial setting
TTOCTLO register
(TTOCKSO to TTOCKS?2 bits)
TTOCTLA1 register,
TTOIOCO register,
TTOIOC2 register,
TTOCCRO register,
TTOCCR1 register

TTOCE bit =1

Setting of TTOCCRO, TTOCCR1
registers

Remark n=0,1

<2>

Initial setting of these
registers is performed
before setting the
TTOCE bit to 1.

The TTOCKSO to
TTOCKS?2 bits can be
set at the same time

as when counting starts

(TTOCE bit = 1).
Trigger wait status

<2> TTOCCRO, TTOCCR1 register setting change flow

As rewriting the
TTOCCRn register
immediately forwards
to the CCRn buffer
register, rewriting
immediately after

the generation of the
INTTTOCCO signal

is recommended.

<3> Count operation stop flow

<3>

TTOCE bit=0

C

STOP

Count operation is stopped
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(2) Operation timing in one-shot pulse output mode
(a) Note on rewriting TTOCCRn register
If the value of the TTOCCRn register is rewritten to a smaller value during counting, the 16-bit counter may

overflow. When an overflow may occur, stop counting and then change the set value.

Remark n=0,1

FFFFH

Doo —— —
16-bit counter D1o Z D1o Z D1o Z Dot ——
D11 Z

0000H

TTOCE bit
External trigger input _| _| _|
(TENCOO pin input)
TTOCCRO register x Doo X Dot
INTTTOCCO signal —l —l _|

TOTOO pin output

TTOCCRA register x Do X D

INTTTOCCH1 signal —| —|

—

TOTO1 pin output

Delay Delay Delay

(D10) (D10) (10000H + D11) e
Active level width Active level width Active level width
(Doo — D10 + 1) (Doo — D10 + 1) (Dot — D11 + 1)

When the TTOCCRO register is rewritten from Doo to Dot and the TTOCCR1 register from D1o to D11 where Doo >
Dot and D1o > D11, if the TTOCCR1 register is rewritten when the count value of the 16-bit counter is greater
than D11 and less than D1o and if the TTOCCRO register is rewritten when the count value is greater than Dot
and less than Doo, each set value is reflected as soon as the register has been rewritten and compared with the
count value. The counter counts up to FFFFH and then counts up again from 0000H. When the count value
matches D11, the counter generates the INTTTOCC1 signal and asserts the TOTO1 pin. When the count value
matches Do1, the counter generates the INTTTOCCO signal, deasserts the TOTO1 pin, and stops counting.
Therefore, the counter may output a pulse with a delay period or active period different from that of the one-
shot pulse that is originally expected.
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(b) Generation timing of compare match interrupt request signal (INTTTOCC1)
The generation timing of the INTTTOCC1 signal in the one-shot pulse output mode is different from
INTTTOCC1 signals in other modes; the INTTTOCC1 signal is generated when the count value of the 16-bit
counter matches the value of the TTOCCR1 register.

Count clock

16-bit counter

Di1-2 X

Di—-1

D1

X D1+ 1 X Di1+2

TTOCCRT register

D1

TOTO1 pin output

INTTTOCCH1 signal

Note

_|Note

Note The timing is actually delayed by one operating clock (fxx).

Usually, the INTTTOCCH1 signal is generated the next time the 16-bit counter counts up after its count value
matches the value of the TTOCCR1 register.
In the one-shot pulse output mode, however, it is generated one clock earlier. This is because the timing is
changed to match the timing the output signal of the TOTO01 pin changes.
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8.6.5 PWM output mode (TTOMD3 to TTOMDO bits = 0100)
In the PWM output mode, a PWM waveform is output from the TOTO1 pin when the TTOCTLO.TTOCE bit is set to 1.

In addition, a square wave with the set value of the TTOCCRO register + 1 as half its cycle is output from the TOT0O pin.

Figure 8-29. Configuration in PWM Output Mode

TTOCCRT1 register

Transfer

| .|o Output
CCR1 buffer register controller |[~@©) TOTO1 pin
(RS-FF)
{} Match signal .
y INTTTOCC1 signal

Internal count clock ——=  Count Clear |
clock

TENCO00 pin O— Edge | 1 selection o
(external event detectorNote D— 16-bit counter =1 utput —=O TOTO0 pin

count input) | controller
Match signal
% gfch sgna INTTTOCCO signal
TTOCE bit CCRO buffer register
{ } Transfer

TTOCCRO register

Note  Set by the TTOIOC2.TTOEES1 and TTOIOC2.TTOEESO bits.
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Figure 8-30. Basic Timing in PWM Output Mode

FFFFH
Dot —4— Dot ——
16-bit counter Doo -~ Doo -~ Doo 4~ D11 / D11 /
D1o /| D1o /] D1o /]
0000H
TTOCE bit
TTOCCRO register x Doo X Dot
CCRO buffer register X Doo Dot

INTTTOCCO signal —l —l —l —l —l

TOTOO0 pin output

TTOCCR1 register x Dio X D11

CCR1 buffer register X D1o D1

INTTTOCCH signal _| —| —| —| —|

TOTO1 pin output

Active period Cycle Inactive period
(D10) (Doo+ 1)  (Doo-D1o+ 1)

When the TTOCE bit is set to 1, the 16-bit counter is cleared from FFFFH to 0000H, starts counting, and outputs a
PWM waveform from the TOTO1 pin.
The active level width, cycle, and duty factor of the PWM waveform can be calculated as follows.

Active level width = (Set value of TTOCCR1 register) x Count clock cycle
Cycle = (Set value of TTOCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TTOCCR1 register)/(Set value of TTOCCRO register + 1)

The PWM waveform can be changed by rewriting the TTOCCRn register while the counter is operating. The newly
written value is reflected when the count value of the 16-bit counter matches the value of the CCRO buffer register and the
16-bit counter is cleared to 0000H.

The compare match interrupt request signal (INTTTOCCO) is generated the next time the 16-bit counter counts after its
count value matches the value of the CCRO buffer register, and the 16-bit counter is cleared to 0000H. The compare
match interrupt request signal (INTTTOCC1) is generated when the count value of the 16-bit counter matches the value of
the CCR1 buffer register.

The value set to the TTOCCRn register is transferred to the CCRn buffer register when the count value of the 16-bit
counter matches the value of the CCRn buffer register and the 16-bit counter is cleared to 0000H.

Remark n=0,1
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Figure 8-31. Setting of Registers in PWM Output Mode (1/2)

(@) TMTO control register 0 (TTOCTLO)

TTOCE TTOCKS2 TTOCKS1 TTOCKSO

TTOCTLO|0/1‘O‘0‘0‘0‘0/1‘0/1‘0/1|

Select count clocke®

0: Stops counting
1: Enables counting

Note The setting is invalid when the TTOCTL1.TTOEEE bit = 1.

(b) TMTO control register 1 (TTOCTL1)

TTOEST TTOEEE TTOMD3 TTOMD2 TTOMD1 TTOMDO

TI'OCTL1|O‘O‘O/1‘O‘O‘1‘O‘O|

| | | |
\ 0,1,0,0:
PWM output mode

0: Operates on count clock
selected by TTOCKSO to
TTOCKS2 bits

1: Counts with external event
count input signal

(c) TMTO I/O control register 0 (TT0IOCO0)

TTOOL1 TTOOE1 TTOOLO TTOOEO
0\0/1\0/1\0/1\0/1|

TTOIOCO | 0

0: Disables TOTOO pin output
1: Enables TOTOO pin output

Setting of TOTOO pin output
level before count operation
0: Low level
1: High level

0: Disables TOTO01 pin output
1: Enables TOTO1 pin output

Setting of TOTO1 pin output
level before count operation
0: Low level
1: High level

e When TTOOL1 bit=0 e When TTOOL1 bit = 1

16-bit counter —I/I/I/I/ 16-bit counter —I/I/I/I/

TOTO1 pinoutput _ 1 1L 1L I — TOTO1 pinoutput —__ 11 T 1L
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Figure 8-31. Register Setting in PWM Output Mode (2/2)

(d) TMTO I/O control register 2 (TT0IOC2)

TTOEES1 TTOEESO TTOETS1 TTOETSO
TTOIOC2 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 01 ‘ 0 ‘ 0 |

Select valid edge
of external event
count input (TENCOO pin).

(e) TMTO counter read buffer register (TTOCNT)
The value of the 16-bit counter can be read by reading the TTOCNT register.

(f) TMTO capture/compare registers 0 and 1 (TTOCCRO and TTOCCR1)
If Do is set to the TTOCCRO register and D1 to the TTOCCR1 register, the cycle and active level of the
PWM waveform are as follows.

Cycle = (Do + 1) x Count clock cycle
Active level width = D1 x Count clock cycle

Remark TMTO control register 2 (TTOCTL2), TMTO /O control register 1 (TTOIOC1), TMTO I/O control
register 3 (TTOCTL3), TMTO option register 0 (TTOOPTO0), TMTO option register 1
(TTOOPT1), and TMTO counter write register (TTOTCW) are not used in the PWM output
mode.
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(1) Operation flow in PWM output mode

Figure 8-32. Software Processing Flow in PWM Output Mode (1/2)

FFFFH

16-bit counter Doo Doo D11 D11 Doo

D1o Do Do Do
0000H

TTOCE bit

TTOCCRO register Doo Dot Doo

al

CCRO buffer register Doo X Dot X Doo

INTTTOCCO signal _| —| _| —| _| _|

TOTOO pin output

Do

o
o
54
o
o

TTOCCR1 register

CCR1 buffer register D1o X D1o X D11 X D1o

INTTTOCCH1 signal —| —| —| —| —| —|
TOTO1 pin output J |

<1> <2> <3> <4> <5>
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Figure 8-32. Software Processing Flow in PWM Output Mode (2/2)

<1> Count operation start flow

C smr )

<3> TTOCCRO, TTOCCRT1 register
setting change flow (duty only)

Setting of TTOCCR1 register

Register initial setting
TTOCTLO register
(TTOCKSO to TTOCKS2 bits)
TTOCTLA1 register,
TTOIOCO register,
TTOIOC2 register,
TTOCCRO register,
TTOCCR1 register

registers is performed
before setting the
TTOCE bit to 1.

Initial setting of these ‘

The TTOCKSO to |
TTOCKS2 bits can be
set at the same time ‘

TTOCE bit =1

<4> TTOCCRO, TTOCCRH1 register
setting change flow (cycle and duty)

as when counting is
enabled (TTOCE bit = 1).

Setting of TTOCCRO register

Setting of TTOCCR1 register

<2> TTOCCRO, TTOCCRH1 register
setting change flow (cycle only)

Writing the same value

<5> Count operation stop flow

‘ (same as preset value of
the TTOCCR1 register)
to the TTOCCR1 register

TTOCE bit=0

Setting of TTOCCRO register

is necessary only when
the set cycle is changed.

When the counter is C STOP

Settlng of TTOCCR1 regiSter cleared after Setting’

the value of the TTOCCRn
register is transferred to the
CCRn buffer register.

Remark n=0,1

Only writing of the TTOCCR1
register must be performed
when the set duty factor is
changed. When the counter is
cleared after setting, the

value of compare register n

is transferred to the CCRn
buffer register.

When the counter is
cleared after setting,

the values of compare
register n are transferred
to the CCRn buffer register
in a batch.

Counting is stopped.
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(2) PWM output mode operation timing

(a) Changing pulse width during operation
To change the PWM waveform while the counter is operating, write the TTOCCR1 register last.
Rewrite the TTOCCRn register after writing the TTOCCR1 register after the INTTTOCC1 signal is detected.

FFFFH
Dot —4— Dot
16-bit counter DmDOOZf DmDOOZ, DEOOZ? D11 / D11 /
0000H
TTOCE bit
TTOCCRO register :X Doo X Dot
CCRO buffer register X Doo Dot
TTOCCR1 register :X D1o X D11
CCR1 buffer register X D1o D11
TOTO1 pin output || || a
INTTTOCCO signal —| —| —| —| —|

To transfer data from the TTOCCRn register to the CCRn buffer register, the TTOCCR1 register must be written.
To change both the cycle and active level of the PWM waveform at this time, first set the cycle to the TTOCCRO
register and then set the active level width to the TTOCCR1 register.

To change only the cycle of the PWM waveform, first set the cycle to the TTOCCRO register, and then write the
same value (same as preset value of the TTOCCR1 register) to the TTOCCR1 register.

To change only the active level width (duty factor) of the PWM waveform, only the TTOCCR1 register has to be
set.

After data is written to the TTOCCR1 register, the value written to the TTOCCRn register is transferred to the
CCRn buffer register in synchronization with clearing of the 16-bit counter, and is used as the value compared
with the 16-bit counter.

To write the TTOCCRO or TTOCCR1 register again after writing the TTOCCR1 register once, do so after the
INTTTOCCO signal is generated. Otherwise, the value of the CCRn buffer register may become undefined
because the timing of transferring data from the TTOCCRn register to the CCRn buffer register conflicts with
writing the TTOCCRn register.

Remark n=0,1
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(b) 0%/100% output of PWM waveform
To output a 0% waveform, set the TTOCCR1 register to 0000H. The 16-bit counter is cleared to 0000H and the
INTTTOCCO and INTTTOCCH1 signals are generated after a match between the count value of the 16-bit
counter and the value of the CCRO buffer register.

Count clock ||||||||||||||||||||
16-bit counter ~ FFFF X 0000 ::XDoo—1X Doo OOOOXOOO1* ::XDoo—1X Doo XOOOOX
(
)

I
)
TTOCE bit
4 4
TTOCCRO register Doo Doo Doo
[ [ (
| f
TTOCCRHT register 0000H N 0000H B 0000H
)] )T
] Note ] Note
INTTTOCCO signal N M
)] )T
] Note ] Note
INTTTOCCH1 signal

TOTO1 pinoutput L

Note The timing is actually delayed by one operating clock (fxx).

To output a 100% waveform, set a value of (set value of TTOCCRO register + 1) to the TTOCCR1 register. If the
set value of the TTOCCRO register is FFFFH, 100% output cannot be produced.

Count clock | | | | | | | | | | | | | |
16-bit counter  FFFF |X 0000 ;:XDoo—1X Doo 0000 X0001 x :XD00—1X Doo 0000 x
)]

)

:

)
TTOCE bit
{ {(
) )]
TTOCCRO register Doo B Doo B Doo
) )
TTOCCR1 register Doo + 1 Doo + 1 Doo + 1
{( {(
)] )]
Note Note
INTTTOCCO signal

INTTTOCCH1 signal

TOTO1 pin output

Note The timing is actually delayed by one operating clock (fxx).

RO1UH0232EJ0200 Rev.2.00 472
Mar 25, 2014 RENESAS



V850ES/JES-E, VB50ES/JG3-E

CHAPTER 8 16-BIT TIMER/EVENT COUNTER T (TMT)

(c) Generation timing of compare match interrupt request signal (INTTTOCC1)
The timing of generation of the INTTTOCC1 signal in the PWM output mode differs from the timing of
INTTTOCC1 signals in other modes; the INTTTOCC1 signal is generated when the count value of the 16-bit
counter matches the value of the TTOCCR1 register.

Count clock

16-bit counter

Di1-2 X

Di—-1

D1

X D1+ 1 X Di1+2

TTOCCRT register

D1

TOTO1 pin output

INTTTOCCH1 signal

Note

‘| Note

Note The timing is actually delayed by one operating clock (fxx).

Usually, the INTTTOCC1 signal is generated in synchronization with the next count-up after the count value of

the 16-bit counter matches the value of the TTOCCR1 register.

In the PWM output mode, however, it is generated one clock earlier. This is because the timing is changed to

match the timing at which the output signal of the TOTO1 pin changes.
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8.6.6 Free-running timer mode (TTOMD3 to TTOMDO bits = 0101)
In the free-running timer mode, 16-bit timer/event counter T starts counting when the TTOCTLO.TTOCE bit is setto 1. At
this time, the TTOCCRO and TTOCCR1 registers can be used as compare registers or capture registers, depending on the

setting of the TTOOP

TO.TTOCCSO0 and TTOOPTO.TTOCCSH1 bits.

Figure 8-33. Configuration in Free-Running Timer Mode

TTOCCRH1 register cc?nli:zﬁ(tar L ~© TOTO1 pin™®* output
(compare)
Z Z e cc?nLg'zlljhtar —(O) TOTO0 pinNete* output
TTOCCRO register
(capture)
{} TTOCCSO, TTOCCSH bits
(capture/compare selection)
Internal count clock —{ Count ﬁ
e | sei%ﬁ:;n [ | )—~ 16-bit counter INTTTOOV signal
TENCO0 pin ©@—{ =i (
(external event detector*** ~J
count input ) 0
i TTOCE bit L~ INTTTOCCH signal
1
TITOO pinNete ' ©—»| Edge g
(capture detectort? )
trigger Input) TTOCCRO register 1 INTTTOCCO signal
(capture)
TITO1 pinNete ' ©—{  Edge
(capture detector?
trigger input)

TTOCCR1 register

Notes 1.

(compare)

Because the capture trigger input pins (TITOO, TITO1) also function as the timer output pins
(TOTO00, TOTO1), the timer output functions cannot be used when using an capture trigger
input.

Set by the TTOIOC2.TTOEES1 and TTOIOC2.TTOEESO bits.

Set by the TTOIOC1.TTOIS1 and TTOIOC1.TTOISO bits.

Set by the TTOIOC1.TT0IS3 and TTOIOC1.TTOIS2 bits.
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e Compare operation

When the TTOCE bit is set to 1, 16-bit timer/event counter T starts counting, and the output signal of the TOTOn pin is
inverted. When the count value of the 16-bit counter later matches the set value of the TTOCCRn register, a compare

match interrupt request signal (INTTTOCCn) is generated, and the output signal of the TOTOn pin is inverted.

The 16-bit counter continues counting in synchronization with the count clock. When it counts up to FFFFH, it

generates an overflow interrupt request signal (INTTTOOV) at the next clock, is cleared to 0000H, and continues
counting. At this time, the overflow flag (TTOOPTO.TTOOVF bit) is also set to 1. Confirm that the overflow flag is set
to 1 and then clear it to 0 by executing the CLR instruction via software.

The TTOCCRN register can be rewritten while the counter is operating. If it is rewritten, the new value is reflected at

that time by anytime write, and compared with the count value.

Figure 8-34. Basic Timing in Free-Running Timer Mode (Compare Function)

FFFFH

16-bit counter

0000H

TTOCE bit

TTOCCRO register

INTTTOCCO signal

TOTOO pin output

TTOCCR1 register

INTTTOCCH signal

TOTO1 pin output

INTTTOQV signal

TTOOVF bit

Doo Doo
RN
Do Dro D11/ D11/ D11/

al

C

| ] | L

i

Clearedto Oby Clearedto 0by ClearedtoOby Cleared to 0 by
CLR instruction CLR instruction CLR instruction CLR instruction
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e Capture operation

When the TTOCE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TITOn pin is
detected, the count value of the 16-bit counter is stored in the TTOCCRnN register, and a capture interrupt request
signal (INTTTOCCn) is generated.

The 16-bit counter continues counting in synchronization with the count clock. When it counts up to FFFFH, it
generates an overflow interrupt request signal (INTTTOOV) at the next clock, is cleared to 0000H, and continues
counting. At this time, the overflow flag (TTOOPTO.TTOOVF bit) is also set to 1. Confirm that the overflow flag is set
to 1 and then clear it to 0 by executing the CLR instruction via software.

Figure 8-35. Basic Timing in Free-Running Timer Mode (Capture Function)

FFFFH
D1o
Doo Z D”Z D12 Di1s /
16-bit counter Dot Z
Doz D
03

0000H

TTOCE bit

TITOO pin input

TTOCCRO register Doo Dot Doz Dos
INTTTOCCO signal i | i i

TITO1 pin input —l —l —l —|_
TTOCCRI register D1o D11 D12 D1

INTTTOCCH signal —| —| —| —|
INTTTOQV signal —| —| —|

TTOOVF bit

Clearedto O by Clearedto 0 by Cleared to 0 by
CLR instruction CLR instruction CLR instruction
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Figure 8-36. Register Setting in Free-Running Timer Mode (1/2)

(a) TMTO control register 0 (TTOCTLO)

TTOCE TTOCKS2 TTOCKS1 TTOCKSO
TTOCTLO|0/1‘O‘O \ 0\0\0/1\0/1\0/1|

- Select count clockN°t®

0: Stops counting
1: Enables counting

Note The setting is invalid when the TTOCTL1.TTOEEE bit = 1

(b) TMTO control register 1 (TTOCTL1)

TTOEST TTOEEE TTOMD3 TTOMD2 TTOMD1 TTOMDO
TTOCTL1|0‘O‘O/1‘O‘O‘1‘O‘1|

\ 0,1,0,1:
Free-running timer mode

0: Operates with count
clock selected by
TTOCKSO to TTOCKS2 bits
1: Counts on external
event count input signal

(c) TMTO I/O control register 0 (TTOIOCO)

TTOOL1 TTOOE1 TTOOLO TTOOEO
TTOIOCOl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 01 ‘ 0 ‘ 01 |

0: Disables TOT0O pin output
1: Enables TOTOO pin output

Setting of TOTOO pin output
level before count operation

0: Low level

1: High level

0: Disables TOTO01 pin output
1: Enables TOTO1 pin output

Setting of TOTO1 pin output
level before count operation
0: Low level
1: High level

(d) TMTO I/O control register 1 (TTOIOC1)

TTOIS3  TTOIS2 TTOIS1  TTOISO
TTOIOC1| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 01 ‘ 01 |

L]
Select valid edge

of TITOO pin input

Select valid edge
of TITO1 pin input
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Figure 8-36. Register Setting in Free-Running Timer Mode (2/2)

(e) TMTO I/O control register 2 (TT0IOC2)

TTOEES1 TTOEESO TTOETS1 TTOETSO
TTOIOCZlO‘0‘0‘0‘0/1‘0/1‘0‘O|

Select valid edge of
external event count
input (TENCOO pin)

(f) TMTO option register 0 (TTOOPTO)

TTOCCS1 TTOCCSO TTOOVF
ToopTo | 0o | o | on | on | o | o | o | ot |

L Overflow flag

Specifies if TTOCCRO
register functions as
capture or compare register
0: Compare register

1: Capture register

Specifies if TTOCCR1
register functions as
capture or compare register
0: Compare register

1: Capture register

(g) TMTO counter read buffer register (TTOCNT)
The value of the 16-bit counter can be read by reading the TTOCNT register.

(h) TMTO capture/compare registers 0 and 1 (TTOCCRO and TTOCCR1)
These registers function as capture registers or compare registers depending on the setting of the
TTOOPTO.TTOCCShn bit.
When the registers function as capture registers, they store the count value of the 16-bit counter when
the valid edge input to the TITOn pin is detected.
When the registers function as compare registers and when Da is set to the TTOCCRn register, the
INTTTOCCn signal is generated when the counter reaches (Da + 1), and the output signals of the
TOTO00 and TOTO1 pins are inverted.

Remark n=0,1
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(1) Operation flow in free-running timer mode

(a) When using capture/compare register as compare register

Figure 8-37. Software Processing Flow in Free-Running Timer Mode (Compare Function) (1/2)

FFFFH
Doo Doo

. Dot Dot

16-bit counter
Do Do D11 D11 D11Z

0000H
TTOCE bit

TTOCCRO register x Doo Dot

INTTTOCCO signal —| —| —| —|

TOTOO pin output

TTOCCRA1 register x D1o X D
INTTTOCCH1 signal —| —| —| —| —|

TOTO1 pin output

INTTTOQV signal _| —| _| —|

TTOOVF bit |
<1> Clearedto 0 by Clearedto 0 by Clearedto 0 by <3>
CLR instruction CLR instruction CLR instruction
<2> <2> <2>
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Figure 8-37. Software Processing Flow in Free-Running Timer Mode (Compare Function) (2/2)

<1> Count operation start flow

o )

Register initial setting Initial setting of these registers
TTOCTLO register is performed before setting the
(TTOCKSO to TTOCKS2 bits) TTOCE bitto 1.

TTOCTLA register,
TTOIOCO register,
TTOIOC2 register,
TTOOPTO register,
TTOCCRO register,
TTOCCR1 register

The TTOCKSO to TTOCKS2 bits
TTOCE bit = 1 can be set at the same time

as when counting starts
(TTOCE bit = 1).

<2> Qverflow flag clear flow

Read TTOOPTO register
(check overflow flag).

TTOOVF bit =1

Execute instruction to clear
TTOOVF bit (CLR TTOOVF).

<3> Count operation stop flow

Counter is initialized and
TTOCE bit=0 counting is stopped by

clearing TTOCE bit to 0.
C s )
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(b) When using capture/compare register as capture register

Figure 8-38. Software Processing Flow in Free-Running Timer Mode (Capture Function) (1/2)

FFFFH
Do
Doo /| D”Z D12
16-bit counter Dot Z
Doz

0000H

Doagf//

TTOCE bit

TITOO pin input

TTOCCRO register 0000 Doo Dot Doz DosX 0000

INTTTOCCO signal

TITO1 pin input —l —l —l

TTOCCRI register 0000 D1o D11 D12 0000

INTTTOCCH1 signal —| —| —|
INTTTOOV signal —| —| —|

TTOOVF bit
Clearedto 0 by Cleared to 0 by
<1> CLR instruction CLR instruction <3>
<2> <2>
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Figure 8-38. Software Processing Flow in Free-Running Timer Mode (Capture Function) (2/2)

<1> Count operation start flow

Cor D

Register initial setting Initial setting of these registers
TTOCTLO register is performed before setting the
(TTOCKSO to TTOCKS2 bits) TTOCE bitto 1.

TTOCTLA1 register,
TTOIOCH1 register,
TTOOPTO register

The TTOCKSO to TTOCKS2 bits can
TTOCE bit = 1 be set at the same time as when counting
starts (TTOCE bit = 1).

<2> Overflow flag clear flow

Read TTOOPTO register
(check overflow flag).

TTOOVF bit = 1

Execute instruction to clear
TTOOVF bit (CLR TTOOVF).

<3> Count operation stop flow

Counter is initialized and
TTOCE bit=0 counting is stopped by

clearing TTOCE bit to 0.
C STOP >
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(2) Operation timing in free-running timer mode

(a) Interval operation with compare register
When 16-bit timer/event counter T is used as an interval timer with the TTOCCRn register used as a compare
register, software processing is necessary for setting a comparison value to generate the next interrupt request
signal each time the INTTTOCCn signal has been detected.

FFFFH
D Doz
1
Doo °/ /
16-bit counter D11 Dan
Dot / D12

Do4
0000H D1
TTOCE bit
TTOCCRO register Doo Dot X Doz X Dos X Doa4 X Dos

INTTTOCCO signal —l —l —l —l —l

TOTOO pin output

Interval period Interval period Interval period Interval period Interval period

(Doo + 1) (10000H + (De2 — Dot) (10000H + (10000H +
Dot — Doo) Dos — Dez) Dos — Dos)
TTOCCRH1 register D1o X D11 X D12 X D13 X D14

INTTTOCCH signal _| _| _| _|

TOTO1 pin output

Interval period Interval period Interval period Interval period
(Do + 1) (10000H + (10000H + (10000H +
D11 - Do) D12-D11) D13 -Di2)

When performing an interval operation in the free-running timer mode, two intervals can be set with one
channel.

To perform the interval operation, the value of the corresponding TTOCCRn register must be re-set in the
interrupt servicing that is executed when the INTTTOCCn signal is detected.

The set value for re-setting the TTOCCRn register 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 this value to the
register.)
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(b) Pulse width measurement with capture register
When pulse width measurement is performed with the TTOCCRn register used as a capture register, software
processing is necessary for reading the capture register each time the INTTTOCCn signal has been detected
and for calculating an interval.

FFFFH

D Doz
Doo10 /] /

16-bit counter D11 Dan
Dot D12
D Do4

0000H
TTOCE bit

TITOO pin input —| —| —| —|

TTOCCRO register 0000H Doo Do+ Doz Dos Do
INTTTOCCO signal —| —| —| —|

Pulse interval Pulse interval Pulse interval Pulse interval Pulse interval

(Do) (10000H +  (Dez—Dot)  (10000H +  (10000H +
Dot - Doo) Dos — De2) Dos — Do3)
TITO1 pin input
TTOCCRI register 0000H D1o D11 D12 D13

INTTTOCCH1 signal

Pulse interval Pulse interval Pulse interval Pulse interval

(D10) (10000H + (10000H + (10000H +
D11 — Do) D12 — D11) D13 — D12)
INTTTOOV signal ‘l ‘l "l

TTOOVF bit

Clearedto Oby Clearedto 0 by Cleared to 0 by
CLR instruction CLR instruction CLR instruction

When executing pulse width measurement in the free-running timer mode, two pulse widths can be measured
with one channel.

To measure a pulse width, the pulse width can be calculated by reading the value of the TTOCCRn register in
synchronization with the INTTTOCCn signal, and calculating the difference between the read value and the
previously read value.

RO1UH0232EJ0200 Rev.2.00 484
Mar 25, 2014 RENESAS



VB850ES/JES-E, V850ES/JG3-E CHAPTER 8 16-BIT TIMER/EVENT COUNTER T (TMT)

(c) Processing of overflow when two capture registers are used
Care must be exercised in processing the overflow flag when two capture registers are used. First, an example
of incorrect processing is shown below.

Example of incorrect processing when two capture registers are used

FFFFH

D11
16-bit counter Df /
Do1

0000H

TTOCE bit

TITOO pin input -| -|

TTOCCRO register Doo Do1

TITO1 pin input -| -|

TTOCCR1 register D1o D11

INTTTOQV signal -| -|

TTOOVF bit

<1> <2> <3> <4>
The following problem may occur when two pulse widths are measured in the free-running timer mode.

<1> Read the TTOCCRO register (setting of the default value of the TITOO pin input).
<2> Read the TTOCCRI register (setting of the default value of the TITO1 pin input).
<3> Read the TTOCCRO register.
Read the overflow flag. If the overflow flag is 1, clear it to 0.
Because the overflow flag is 1, the pulse width can be calculated by (10000H + Dot — Doo).
<4> Read the TTOCCR1 register.
Read the overflow flag. Because the flag is cleared in <3>, 0 is read.
Because the overflow flag is 0, the pulse width can be calculated by (D11 — D1o) (incorrect).

When two capture registers are used, and if the overflow flag is cleared to 0 by one capture register, the other
capture register may not obtain the correct pulse width.
Use software when using two capture registers. An example of how to use software is shown below.
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(1/2)
Example when two capture registers are used (using overflow interrupt)
FFFFH
D11
16-bit counter Df /
Doo Dot
0000H
TTOCE bit
INTTTOQV signal -| -|
TTOOVF bit —l —l
TTOOVFO flagh°®®
TITOO pin input
TTOCCRO register Dao Do+
TTOOVF1 flaghet®
TITO1 pin input
TTOCCR1 register D10 D11
<1> <2> <3> <4> <5> <6>
Note The TTOOVFO and TTOOVF1 flags are set on the internal RAM by software.
<1> Read the TTOCCRO register (setting of the default value of the TITOO pin input).
<2> Read the TTOCCRT1 register (setting of the default value of the TITO1 pin input).
<3> An overflow occurs. Set the TTOOVFO and TTOOVF1 flags to 1 in the overflow interrupt servicing,
and clear the overflow flag to 0.
<4> Read the TTOCCRO register.
Read the TTOOVFO flag. If the TTOOVFO flag is 1, clear it to 0.
Because the TTOOVFO flag is 1, the pulse width can be calculated by (10000H + Do1 — Doo).
<5> Read the TTOCCR1 register.
Read the TTOOVF1 flag. If the TTOOVF1 flag is 1, clear it to 0 (the TTOOVFO flag is cleared in
<4>, and the TTOOVF1 flag remains 1).
Because the TTOOVF1 flag is 1, the pulse width can be calculated by (10000H + D11 — D1o)
(correct).
<6> Same as <3>
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(2/2)
Example when two capture registers are used (without using overflow interrupt)
FFFFH
D11
16-bit counter Df /
Doo Dot
0000H
TTOCE bit
INTTTOQV signal
TTOOVF bit
TTOOVFO flagh°t®
TITOO pin input
TTOCCRO register Dao Do+
TTOOVF1 flaghet®
TITO1 pin input
TTOCCR1 register D10 D11
<1> <2> <3> <4> <5> <6>
Note The TTOOVFO and TTOOVF1 flags are set on the internal RAM by software.
<1> Read the TTOCCRO register (setting of the default value of the TITOO pin input).
<2> Read the TTOCCR1 register (setting of the default value of the TITO1 pin input).
<3> An overflow occurs. Nothing is done by software.
<4> Read the TTOCCRO register.
Read the overflow flag. If the overflow flag is 1, set only the TTOOVF1 flag to 1, and clear the
overflow flag to 0.
Because the overflow flag is 1, the pulse width can be calculated by (10000H + Dot — Doo).
<5> Read the TTOCCRH1 register.
Read the overflow flag. Because the overflow flag is cleared in <4>, 0 is read.
Read the TTOOVF1 flag. If the TTOOVF1 flagis 1, clearitto 0.
Because the TTOOVF1 flag is 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 from the first capture trigger to the next. First, an example of incorrect processing is

shown below.

The

<1>
<2>
<3>

<4>

Example of incorrect processing when capture trigger interval is long

FFFFH o

16-bit counter

Da/
0000H

TTOCE bit

TITON pin input

TTOCCRN register Dao Dat

INTTTOQV signal _| _|

TTOOVF bit

1 cycle of 16-bit counter

Pulse width

<1> <2> <3> <4>

following problem may occur when long pulse width is measured in the free-running timer mode.

Read the TTOCCRn register (setting of the default value of the TITOn pin input).

An overflow occurs. Nothing is done by software.

An overflow occurs a second time. Nothing is done by software.

Read the TTOCCRn register.

Read the overflow flag. If the overflow flag is 1, clear it to 0.

Because the overflow flag is 1, the pulse width can be calculated by (10000H + Dat — Dao)
(incorrect).

Actually, the pulse width must be (20000H + Dat — Dao) because an overflow occurs twice.

Remark n=0,1

If an overflow occurs twice or more when the capture trigger interval is long, the correct pulse width may not be

obtained.

If the capture trigger interval is long, slow the count clock to lengthen one cycle of the 16-bit counter, or use

software. An example of how to use software is shown next.
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Example when capture trigger interval is long

FFFFH o

16-bit counter

0000H

TTOCE bit

TITOnN pin input

TTOCCRn register Dao Dat

INTTTOQV signal -|

TTOOVF bit —|

oS —

Overflow OH X 1H
countere®

2HxOH

1 cycle of 16-bit counter

Pulse width

<1> <2> <3> <4>

Note The overflow counter is set arbitrarily by software on the internal RAM.

<1> Read the TTOCCRn register (setting of the default value of the TITOn pin input).
<2> An overflow occurs. Increment the overflow counter and clear the overflow flag to 0 in the
overflow interrupt servicing.
<3> An overflow occurs a second time. Increment the overflow counter and clear the overflow flag to 0
in the overflow interrupt servicing.
<4> Read the TTOCCRn register.
Read the overflow counter.
— When the overflow counter is “N”, the pulse width can be calculated by (N x 10000H + Dat —
Dao).
In this example, the pulse width is (20000H + Da1 — Dao) because an overflow occurs twice.
Clear the overflow counter (OH).

Remark n=0,1

(e) Clearing overflow flag
The overflow flag can be cleared to 0 by clearing the TTOOVF bit to O with the CLR instruction after reading the
TTOOVF bit when it is 1 and by writing 8-bit data (bit 0 is 0) to the TTOOPTO register after reading the TTOOVF
bit when itis 1.
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8.6.7 Pulse width measurement mode (TTOMD3 to TTOMDO bits = 0110)

In the pulse width measurement mode, 16-bit timer/event counter T starts counting when the TTOCTLO.TTOCE bit is set
to 1. Each time the valid edge input to the TITOn pin has been detected, the count value of the 16-bit counter is stored in
the TTOCCRn register, and the 16-bit counter is cleared to 0000H.

The interval of the valid edge can be measured by reading the TTOCCRn register after a capture interrupt request
signal (INTTTOCCn) occurs.

As shown in Figure 8-39, select either the TITOO or TITO1 pin as the capture trigger input pin and set the unused pins to
“No edge detection” by using the TTOIOC1 register.

Figure 8-39. Configuration in Pulse Width Measurement Mode

Clear
Internal count clock —| Count ]
e - Se‘fg’c‘i:;n o >—~ 16-bit counter INTTTOOV signal
TENCO0 pin O |, =% (
(external event )
count input) TTOCE bit INTTTOCCO signal
TITOO pin O— Edgemz +—=INTTTOCC1 signal
(capture detector
trigger input) TTOCCRO register
(capture)
TITO1 pin ©—= EdgeNmea
(capture detector
trigger input) TTOCCRHT register
(capture)
Notes 1. Set by the TTOIOC2.TTOEES1 and TTOIOC2.TTOEESO bits.
2. Set by the TTOIOC1.TTO0IS1 and TTOIOC1.TTOISO bits.
3. Set by the TTOIOC1.TT0IS3 and TTOIOC1.TTOIS2 bits.
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Figure 8-40. Basic Timing in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TTOCE bit

TITON pin input k \

Do D1 D2 Ds

TTOCCRN register 0000H

INTTTOCCh signal —l —l —l —l

INTTTOOV signal

>/

Cleared to 0 by
TTOOVF bit CLR instruction

Remark n=0, 1

When the TTOCE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TITOn pin is later
detected, the count value of the 16-bit counter is stored in the TTOCCRn register, the 16-bit counter is cleared to 0000H,
and a capture interrupt request signal (INTTTOCCn) is generated.

The pulse width is calculated as follows.

Pulse width = Captured value x Count clock cycle
If the valid edge is not input to the TITOn pin even when the 16-bit counter counted up to FFFFH, an overflow interrupt
request signal (INTTTOOV) is generated at the next count clock, and the counter is cleared to 0000H and continues
counting. At this time, the overflow flag (TTOOPTO.TTOOVF bit) is also set to 1. Clear the overflow flag to 0 by executing
the CLR instruction via software.
If the overflow flag is set to 1, the pulse width can be calculated as follows.

Pulse width = (10000H x TTOOVF bit set (1) count + Captured value) x Count clock cycle

Remark n=0,1
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Figure 8-41. Register Setting in Pulse Width Measurement Mode (1/2)

(a) TMTO control register 0 (TTOCTLO)

TTOCE

TTOCKS2 TTOCKS1 TTOCKSO
TTOCTLO| o ‘ 0 ‘

Select count clockNet

0: Stops counting
1: Enables counting

Note Setting is invalid when the TTOCTL1.TTOEEE bit = 1.

(b) TMTO control register 1 (TTOCTL1)

TTOEST TTOEEE

TTOMD3 TTOMD2 TTOMD1 TTOMDO
TTOCTL1| 0 ‘ 0

‘0/1‘0‘0‘1‘1‘o|

\ 0,1,1,0:
Pulse width measurement mode

0: Operates with count
clock selected by
TTOCKSO to TTOCKS2 bits
1: Counts on external
event count input signal

(c) TMTO I/O control register 1 (TTOIOC1)

TTOIS3  TTOIS2  TTOIS1  TTOISO
0\0\0/1\0/1‘0/1‘0/1|

L]
Select valid edge

of TITOO pin input

TTOIOC1| 0 ‘ 0 ‘

Select valid edge
of TITO1 pin input

(d) TMTO I/O control register 2 (TT0IOC2)

TTOEES1 TTOEESO TTOETS1 TTOETSO
0 ‘ 01 ‘ 0/1 ‘ 0 ‘ 0 |

TI'OIOCZl 0 \ 0 \ o\

Select valid edge of
external event count
input (TENCOO pin)
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Figure 8-41. Register Setting in Pulse Width Measurement Mode (2/2)

(e) TMTO option register 0 (TTOOPTO)

TTOCCS1 TTOCCSO TTOOVF
TTOOPTO|0‘O‘O‘O‘O‘O‘O‘Oﬁl

L Overflow flag

(f) TMTO counter read buffer register (TTOCNT)
The value of the 16-bit counter can be read by reading the TTOCNT register.

(g) TMTO capture/compare registers 0 and 1 (TTOCCRO and TTOCCR1)
These registers store the count value of the 16-bit counter when the valid edge input to the TITOO and
TITO1 pins is detected.

Remark TMTO control register 2 (TTOCTL2), TMTO I/O control register 0 (TTOIOCO), TMTO I/O control
register 3 (TTOIOCS), TMTO option register 1 (TTOOPT1), and TMTO counter write register
(TTOTCW) are not used in the pulse width measurement mode.
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(1) Operation flow in pulse width measurement mode

Figure 8-42. Software Processing Flow in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TTOCE bit

TITOO pin input

TTOCCRO register 0000H Do D1 DzX 0000H

INTTTOCCO signal _| —l —l

<1> <2>

<1> Count operation start flow

o )

Register initial setting Initial setting of these registers
TTOCTLO register is performed before setting the
(TTOCKSO to TTOCKS2 bits), TTOCE bit to 1.

TTOCTLA1 register,
TTOIOCH register,
TTOIOC2 register,
TTOOPTO register

TTOCE bit = 1 The TTOCKSO to TTOCKS2 bits can
be set at the same time as when counting
starts (TTOCE bit = 1).

<2> Count operation stop flow

The counter is initialized and counting
TTOCE bit=0 is stopped by clearing the TTOCE bit to 0.

=
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(2) Operation timing in pulse width measurement mode

(a) Clearing overflow flag
The overflow flag can be cleared to 0 by clearing the TTOOVF bit to 0 with the CLR instruction after reading the

TTOOVF bit when it is 1 and by writing 8-bit data (bit 0 is 0) to the TTOOPTO register after reading the TTOOVF

bit when it is 1.
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8.6.8 Triangular-wave PWM output mode (TTOMD3 to TTOMDO bits = 0111)

In the triangular-wave PWM output mode, a triangular-wave PWM waveform is output from the TOTO1 pin when the
TTOCTLO.TTOCE bit is set to 1.

A PWM waveform that is inverted when the count value of the 16-bit counter matches the value of the CCRO buffer
register and when the 16-bit counter is set to 0000H is output from the TOTOO pin.

Figure 8-43. Configuration in Triangular-Wave PWM Output Mode

TTOCCRT register

{} Transfer
| .|a Output
CCR1 buffer register geontroller —©) TOTO01 pin
( (RS-FF)
{} Match signall | INTTTOCC1 signal
Clear
Internal count clock—  Count !
clock
TENCO0 pin O———= = selection
external event Edge 16-bit counter — Output —»@ TOTOO pin
(ex ev detector’ete controller
count input)
Match signal
% 9 INTTTOCCO signal
TTOCE bit CCRO buffer register
ﬁ Transfer

TTOCCRO register

Note Set by the TTOIOC2.TTOEES1 and TTOIOC2.TTOEESO bits.
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Figure 8-44. Basic Timing in Triangular-Wave PWM Output Mode

FFFFH

Doo Doz
- \ 7\
16-bit counter Dw/\ow D11ZD§D11 D1z D12
0000H
TTOCE bit
TTOCCRO register X Doo X Do1 Doz
CCRO buffer register Doo Do1 Doz

INTTTOCCO signal _| _| _|

TOTOO pin output

TTOCCR1 register X D1o X D11 X D12

CCR1 buffer register D1o D11 D12

INTTTOCCH signal —l —l —I_ —l —l —l

TOTO1 pin output

INTTTOOV signal —l —l —I_

The 16-bit counter is cleared from FFFFH and 0000H and starts counting when the TTOCE bit is set to 1. The triangular
PWM waveform is output from the TOTO1 pin.

In the triangular-wave PWM output mode, the counter counts up or down. When the 16-bit counter reaches 0000H
while it is counting down, an overflow interrupt request signal (INTTTOOV) is generated. At this time, the
TTOOPTO.TTOOVF bit is not set to 1. If the count value of the 16-bit counter matches the value of the CCRO buffer register
while the counter is counting up, a compare match interrupt request signal (INTTTOCCO) is generated.

The counting direction is changed from up to down when the value of the 16-bit counter matches that of the CCRO
buffer register, and from down to up when the counter is cleared to 0000H.

The PWM waveform can be changed by rewriting the TTOCCRn register during operation. To change the PWM
waveform during operation, write the TTOCCR1 register last.

The cycle of the triangular PWM waveform is set by the TTOCCRO register and its duty factor is set by the TTOCCR1
register. Set a value to the TTOCCRO register in a range of “0 < TTOCCRO < FFFEH". The rewritten value is reflected
when the 16-bit counter reaches 0000H while it is counting down.

Even when changing only the cycle of the PWM waveform, first set a period to the TTOCCRO register, and then write
the same value (value same as that set to the TTOCCR1 register) to the TTOCCR1 register.

To transfer data from the TTOCCRn register to the CCRn buffer register, the data must be written to the TTOCCRH1
register (n =0, 1).
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8.6.9

Encoder count function

The encoder count function includes an encoder compare mode (see 8.6.10 Encoder compare mode (TTOMD3 to
TTOMDO bits = 1000)).

)

)

3)

@

Mode TTOCCRO Register TTOCCRT1 Register

Encoder compare mode Compare only Compare only

Count-up/-down control

Counting up or down by the 16-bit counter is controlled by the phase of input encoder signals (TENC0O and
TENCO1) and settings of the TTOCTL2.TTOUDS1 and TTOCTL2.TTOUDSO bits.

When the encoder count function is used, the internal count clock and external event count input (TENCO00) cannot
be used. Setthe TTOCTLO.TTOCKS2 to TTOCTLO.TTOCKSO bits to 000 and the TTOCTL1.TTOEEE bit to 0.

Setting initial value of 16-bit counter

The initial count value set to the TTOTCW register when the TTOCTL2.TTOECC bit = 0 is transferred to the 16-bit
counter immediately after the counter starts its operation (TTOCTLO.TTOCE bit = 0 — 1), and the counter starts the
operation after it detects the valid edge of the encoder input signal (TENCO00 or TENCO1).

Basic operation
The TTOCCRN register generates a compare match interrupt request signal (INTTTOCCn) when the count value of
the 16-bit counter matches the value of the CCRn buffer register.

Clear operation
The 16-bit counter is cleared when the following conditions are satisfied in the encoder compare mode.

e When the value of the 16-bit counter matches the value of the compare register (the TTOCTL2.TTOECM1 and
TTOCTL2.TTOECMO bits are set)

¢ When the edge of the encoder clear input signal (TECRO) is detected (the TTOECS1 and TTOECSO bits are set
when the TTOIOC3.TTOSCE bit = 0)

e When the clear level condition of the TENCO00, TENCO1, and TECRO pins is detected (the TT0ZCL, TTOBCL, and
TTOACL bits are set when the TTOSCE bit = 1)

Remark n=0,1
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(5) Controlling bits of TTOCTL2 register
The setting of the TTOCTL2 register in the encoder compare mode is shown below.

Table 8-9. Setting of TTOCTL2 Register

Mode TTOUDSH, TTOECM1 Bit TTOECMO Bit TTOLDE Bit Counter Clear Transfer to
TTOUDSO Bits (<2>) (<2>) (<3>) (Target Compare Counter
(<1>) Register)
Encoder compare Can be set to 00, 0 0 0 - -
mode 01, 10, or 11. 1 Possible
1 0 TTOCCRO -
1 Possible"*®
1 0 Invalid TTOCCR1 -
1 Invalid TTOCCRO, -
TTOCCR1

Note The counter can operate in a range from 0000H to the set value of the TTOCCRO register.

(a) Outline of each bit

<1> The TTOUDS1 and TTOUDSO bits identify the counting direction (up or down) of the 16-bit counter by the
phase input from the encoder input pin (TENCO0 or TENCO1).

<2> The TTOECM1 and TTOECMO bits control clearing of the 16-bit counter when its count value matches the
value of the CCRO or CCR1 buffer register.

<3> The TTOLDE bit controls a function to transfer the set value of the TTOCCRO register to the 16-bit counter
when the counter underflows. The TTOLDE bit is valid only when the TTOECM1 and TTOECMO bits are 00
and 01, respectively. It is invalid when these bits are set to any other values.
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(b) Detailed explanation of each bit

<1> TTOUDS1 and TTOUDSO bits: Count-up/-down selection
Whether the 16-bit counter is counting up or down is identified by the phase input from the TENCOO or
TENCO1 pin and depending on the settings of the TTOUDS1 and TTOUDSO bits. These bits are valid
only in the encoder compare mode.

Figure 8-45. Operation Example (When Valid Edge of TENCO0O0 Pin Is Specified to Be Rising Edge
and No Edge Is Specified as Valid Edge of TENCO01 Pin)

e When TTOUDS1 and TTOUDSO bits = 00

TENCOO0 Pin

TENCO1 Pin

Count Operation

Rising edge

Falling edge

Both edges

High level

Count down

Rising edge

Falling edge

Both edges

Low level

Count up

Remark Detecting the edge of the TENCOO pin is specified by the TTOIOC3.TTOEIS1 and TTOEISO

bits.

TENCO00

TENCO1 J

16-bit counter 0007H

0006H X 0005H

X 0004H |[X 0005H|X 0006H

0007H

Count down

‘ Count up
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e When TTOUDS1 and TTOUDSO bits = 01

TENCOO Pin TENCO1 Pin Count Operation
Low level Rising edge Count down
Falling edge
Both edges
High level Rising edge
Falling edge
Both edges
Rising edge High level Count up
Falling edge
Both edges
Rising edge Low level
Falling edge
Both edges
Simultaneous input to TENCO00 and TENCO1 pins Counter does not perform count
operation but holds value immediately
before.

Remark Detecting the edges of the TENCOO and TENCO1 pins is specified by the
TTOIOC3.TTOEIS1 and TTOIOC3.TTOEISO bits.

Figure 8-46. Operation Example (When Rising Edge Is Specified as Valid Edges of TENC00 and TENCO1 Pins)

TENCO0 ]
TENCO1
16-bit counter 0006H [X 0007H OOPBH 0007H|X 0006H |X 0005H
| . | |
Count up Value held Count down
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e When TTOUDS1 and TTOUDSO bits = 10

TENCOO0 Pin TENCO1 Pin Count Operation

Low level Falling edge Counter does not perform count
operation but holds value immediately
before.

Rising edge Low level Count down

High level Rising edge Counter does not perform count

Falling edge High level operation but holds value immediately

Rising edge before.

High level Falling edge

Falling edge Low level Count up

Low level Rising edge Counter does not perform count

Rising edge operation but holds value immediately

Falling edge before.

Rising edge Falling edge Count down

Falling edge Count up

Caution Specification of the valid edges of the TENCO00 and TENCO1 pins is invalid.

Figure 8-47. Operation Example (Count Operation When Valid Edges of TENC00 and TENCO1 Pins do not Overlap)

TENCO00 !
TENCO1 |_
16-bit counter 0007H [X 0006H |Y000sHK008H)b005H oooer@ 0006H | 0007H

| | | | | |
\ \ \ \ \

Count down Count Count Count Count Count up
up down up down

Figure 8-48. Operation Example (Count Operation When Valid Edges of TENC00 and TENCO1 Pins Overlap)

TENCO00
TENCO1 |_‘ |_‘ ‘ J
16-bit counter 0007H 0006H 0005H8 0006H |X 0007H
| | - |
Count down Value held Count Count up
down
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e When TTOUDS1 and TTOUDSO bits = 11

TENCOO0 Pin TENCO1 Pin Count Operation

Low level Falling edge Count down

Rising edge Low level

High level Rising edge

Falling edge High level

Rising edge Count up

High level Falling edge

Falling edge Low level

Low level Rising edge

Simultaneous input to TENC00 and TENCO1 pins Counter does not perform count
operation but holds value immediately
before.

Caution Specification of the valid edges of the TENC00 and TENCO1 pins is invalid.

Figure 8-49. Operation Example (Count Operation When Valid Edges of TENC00 and TENCO1 Pins do not Overlap)

TENCO00
TENCO1 |
16-bit counter xOOOSH x0004Hx0005H x0006H x0007Hx0008Hx0009Hx 000AH xOOOQHXOOOBHXOOWHxOOOGHXOOOSHX

Count up Count down

Figure 8-50. Operation Example (Count Operation When Valid Edges of TENC00 and TENCO1 Pins Overlap)

TENCO0
TENCO1 |
16-bit counter xOOOSHXOOMHx 0005H NEHR0007H 0008H x0007HXO006Hx 0005H 00EH
| | |
Count up Value Count up Count down Value Count
held held up
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<2> TTOECM1 and TTOECMO bits: Timer/counter clear function upon match of the compare register

The 16-bit counter performs its count operation in accordance with the set value of the TTOECM1 and
TTOECMO bits when the count value of the counter matches the value of the CCRn buffer register.

e When TTOECM1 and TTOECMO bits = 00
The 16-bit counter is not cleared when its count value matches the value of the CCRn buffer register.

e When TTOECM1 and TTOECMO bits = 01
The 16-bit counter performs a count operation under the following condition when its count value
matches the value of the CCRO buffer register.

Next Count Operation Description
Count up 16-bit counter is cleared to 0000H.
Count down Count value of 16-bit counter is counted down.

¢ When TTOECM1 and TTOECMO bits = 10
The 16-bit counter performs a count operation under the following condition when its count value
matches the value of the CCR1 buffer register.

Next Count Operation Description
Count up Count value of 16-bit counter is counted up.
Count down 16-bit counter is cleared to 0000H.

e When TTOECM1 and TTOECMO bits = 11

The 16-bit counter performs a count operation under the following condition when its count value
matches the value of the CCRO buffer register.

Next Count Operation Description
Count up 16-bit counter is cleared to 0000H.
Count down Count value of 16-bit counter is counted down.

The 16-bit counter performs a count operation under the following condition when its count value
matches the value of the CCR1 buffer register.

Next Count Operation Description

Count up

Count value of 16-bit counter is counted up.

Count down

16-bit counter is cleared to 0000H.
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<3> TTOLDE bit: Transfer function of the set value of the TTOCCRO register to the 16-bit counter when the
counter underflows
When the TTOLDE bit = 1, the set value of the TTOCCRO register can be transferred to the 16-bit counter
when the counter underflows.
The TTOLDE bit is valid only in the encoder compare mode.

o Count operation in range from 0000H to set value of the TTOCCRO register
If the 16-bit counter performs a count operation when the TTOLDE bit = 1 and TTOECM1 and TTOECMO
bits = 01, and when the count value of the counter matches the set value of the CCRO buffer register
when the TTOECMO bit = 1, the 16-bit counter is cleared to 0000H if the next count operation is
counting up.
If the 16-bit counter underflows when the TTOLDE bit = 1, the set value of the TTOCCRO register is
transferred to the counter.
Therefore, the counter can operate in a range from 0000H to the set value of the TTOCCRO register in
which the upper-limit count value is the set value of the TTOCCRO register and the lower-limit value is
0000H.

Figure 8-51. Operation Example (Count Operation in Range from 0000H to Set Value of TTOCCRO Register)

Count value of 16-bit counter Set value of TTOCCRO register
matches value of CCRO buffer register. is transferred to 16-bit counter.

Set value of TTOCCRO register (N)

16-bit counter

0000H
16-bit counter is 16-bit counter
cleared to 0000H. underflows.
Count up ‘ Count down
R0O1UH0232EJ0200 Rev.2.00 505

Mar 25, 2014 RENESAS



V850ES/JES-E, VB50ES/JG3-E

CHAPTER 8 16-BIT TIMER/EVENT COUNTER T (TMT)

Figure 8-52. Operation Timing (Count Operation in Range from 0000H to Set Value of TTOCCRO Register)

Count
timing signal

Peripheralclockl||||||||||||||||||||||||||||| |||||||

=

TTOESF bit H = down counting

TTOCNT register X 0002H X 0001H X 0000H X

TTOCCRO register N

INTTTOCCO signal

TTOEOF bit |

TTOEUF bit

INTTTOOV signal

Remark TTOESF bit: Bit 0 of TMTO option register 1 (TTOOPT1)
TTOEOF bit: Bit 1 of TMTO option register 1 (TTOOPT1)
TTOEUF bit: Bit 2 of TMTO option register 1 (TTOOPT1)
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(6) Function to clear counter to 0000H by encoder clear signal (TECRO pin)
The 16-bit counter can be cleared to 0000H by the input signal of the TECRO pin in two ways which are selected by
the TTOIOC3.TTOSCE bit.
TTOIOC3.TTOBCL, TTOIOC3.TTOACL, TTOIOC3.TTOESCH1, and TTOIOC3.TTOECSO bits.

The counter can be cleared by the methods described below only in the encoder compare mode.

Table 8-10. Relationship Between TTOSCE Bit and TT0OZCL, TTOBCL, TTOACL, TTOECS1, and TTOECSO Bits

The TTOSCE bit also controls, depending on its setting, the TTOIOC3.TTOZCL,

Clearing Method TTOSCE Bit TTOZCL Bit TTOBCL Bit TTOACL Bit TTOECSH1, TTOECSO Bits
<1> 0 Invalid Invalid Invalid Valid
<2> 1 Valid Valid Valid Invalid

(a) Clearing method <1>: By detecting edge of encoder clear signal (TECRO pin) (TTOSCE bit = 0)
When the TTOSCE bit = 0, the 16-bit counter is cleared to 0000H in synchronization with the peripheral clock if
the valid edge of the TECRO pin specified by the TTOECS1 and TTOECSO bits is detected. At this time, an
encoder clear interrupt request signal (INTTTOEC) is generated. When the TTOSCE bit = 0, the settings of the
TTOZCL, TTOBCL, and TTOACL bits is invalid.

Figure 8-53. Operation Example (When TTOSCE Bit = 0, TTOECS1 and TTOECSO0 Bits = 01, and TTOUDS1 and
TTOUDSO Bits = 11)

Encoder input
(TENCOO pin input)

Encoder input
(TENCO1 pin input)
Encoder clear input

(TECRO pin input)

Peripheral clock

TTOCNT register

Count
timing signal

INTTTOEC
interrupt

X N +1

X’/ 0000H X

0001H

0002H

=

=

-

|

Counter clear
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(b) Clearing method <2>: By detecting clear level condition of the TENC00, TENCO1, and TECRO pins
(TTOSCE bit = 1)
When the TTOSCE bit = 1, the 16-bit counter is cleared to 0000H if the clear level condition of the TECRO,
TENCO00, or TENCO1 pin specified by the TTOZCL, TTOBCL, and TTOACL bits is detected. At this time, the
encoder clear interrupt request signal (INTTTOEC) is not generated. The settings of the TTOECS1 and

TTOECSO bits is invalid when the TTOSCE bit = 1.

Table 8-11. 16-bit Counter Clearing Condition When TTOSCE Bit = 1

Clear Level Condition Setting

Input Level of Encoder Pin

TTOZCL Bit TTOBCL Bit TTOACL Bit TECRO Pin TENCO1 Pin TENCO00 Pin
0 0 0 L L L
0 0 1 L L H
0 1 0 L H L
0 1 1 L H H
1 0 0 H L L
1 0 1 H L H
1 1 0 H H L
1 1 1 H H H

Caution The 16-bit counter is cleared to 0000H when the clear level condition of the TT0ZCL, TTOBCL, and
TTOACL bits match the input level of the TECR0, TENCO01, or TENCO0O pin.
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Figure 8-54. Operation Example (When TTOSCE Bit = 1, TT0ZCL Bit = 1, TTOBCL Bit = 0, TTOACL Bit = 1,TTOUDS1 and

TTOUDSO Bits = 11, TECRO = High Level, TENCO1 = Low Level, and TENCO00 = High Level) (1/3)

(i) If inputting the high level to the TECRO pin lags behind inputting the low level to the TENCO1 pin

while the counter is counting up, the counter is cleared after it counts up.

Encoder input
(TENCOO pin input)

Encoder input
(TENCO1 pin input)

Encoder clear input
(TECRO pin input)
Peripheral clock

Clear signal

TTOCNT register

Count timing
signal

TTOCCRO register

INTTTOCCO signal

TTOCCR1 register

INTTTOCC1 signal

TTOCCRO register

INTTTOCCO signal

H
L
H
)
N N+1 X 0000H

N + 1 (when TTOCCRO register is setto N + 1)

Compare match interrupt

request signal is not generated.

0000H (when TTOCCRT register is set to 0000H)

N (when TTOCCRO register is set to N)
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Figure 8-54. Operation Example (When TTOSCE Bit = 1, TT0ZCL Bit = 1, TTOBCL Bit = 0, TTOACL Bit = 1,TTOUDS1 and
TTOUDSO Bits = 11, TECRO = High Level, TENCO01 = Low Level, and TENCO00 = High Level) (2/3)

Encoder input
(TENCOO pin input)

Encoder input
(TENCO1 pin input)

Encoder clear input
(TECRO pin input)

Peripheral clock

Clear signal

TTOCNT register

Count
timing signal

Encoder input
(TENCOO pin input)

Encoder input
(TENCO1 pin input)
Encoder clear input

(TECRO pin input)

Peripheral clock

Clear signal

TTOCNT register

Count
timing signal

(ii) If the high level is input to the TECRO pin at the same time as the low level is input to the TECNO1 pin
while the counter is counting up, the counter is cleared without counting up.

0000H

X

—

(i) If the high level is input to the TECRO pin earlier than the low level is input to the TENCO1 pin while
the counter is counting up, the counter is cleared without counting up.

_ |
g

0000H
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Figure 8-54. Operation Example (When TTOSCE Bit = 1, TT0ZCL Bit = 1, TTOBCL Bit = 0, TTOACL Bit = 1,TTOUDS1 and
TTOUDSO Bits = 11, TECRO = High Level, TENCO01 = Low Level, and TENCO00 = High Level) (3/3)

(iv) If the high level is input to the TECRO pin later than the low level is input to the TENCO1 pin while the
counter is counting up, the counter is cleared after it counts up.

Encoder input H
(TENCOO pin input)

Encoder input L |
(TENCO1 pin input)

Encoder clear input
(TECRO pin input)

Peripheral clock
Clear signal 43/ V> |

TTOCNT register N N-1 0000H
Count
timing signal
TTOCCRO register N -1 (when TTOCCRO register is setto N — 1)
INTTTOCCO signal Compare match interrupt request signal is not generated.
TTOCCR1 register 0000H (when TTOCCRH1 register is set to 0000H)

INTTTOCCH1 signal

TTOCCRO register N (when TTOCCRO register is set to N)

INTTTOCCO signal

If the counter is cleared in this way, a miscount does not occur even if inputting the signal to the TECRO pin is
late, because the clear level condition of the TECRO, TENCO1, and TENCOO pins is set and the 16-bit counter
is cleared to 0000H when the clear level condition is detected.
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(7) Notes on using encoder count function

(a) If compare match interrupt is not generated immediately after operation is started
If a value which is the same as that of the TTOTCW register is set to the TTOCCRO or TTOCCR1 register and
the counter operation is started when the TTOCTL2.TTOECC bit = 0, and if the count value (TTOTCW) of the
16-bit counter matches the value of the CCRn buffer register immediately after the start of the operation, the
match is masked and the compare match interrupt request signal (INTTTOCCn) is not generated (n = 0, 1). In
addition, the 16-bit counter is not cleared to 0000H by setting the TTOCTL2.TTOECM1 and
TTOCTL2.TTOECMO bits.

Countclock||||||||||||||||||||||||

TTOCE bit

ewisosc [ [ LTI

Count
timing signal

Count H = Count down
up/down signal ___16-bit counter is not cleared.

TTOCNT register FFFFH X TTOTCW X TTOTCW - 1 X

TTOCCR1 register TTOTCW

INTTTOCCH signal {11 .--Match does not occur.

o
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(b) If overflow does not occur immediately after start of operation
If the count operation is resumed when the TTOCTL2.TTOECC bit = 1, the 16-bit counter does not overflow if its
count value that has been held is FFFFH and if the next count operation is counting up.

After the counter starts operating and counts up from a count value (value of TTOTCW register = FFFFH), the

counter overflows from FFFFH to 0000H. However, detection of the overflow is masked, the overflow flag

(TTOEOF) is not set, and the overflow interrupt request signal (INTTTOQV) is not generated.

Count clock

TTOCE bit

Peripheral clock

Count
timing signal

Count
up/down signal

TTOECC bit

TTOCNT register

TTOTCW register

INTTTOQV signal

TTOEOF bit

(UL LU L L

i

i

L L1

UL L

in

L

L

L

1L

L = Count up

Hold

AY
FFFFH TTOTCW = FFFFH

0000H

FFFFH

_.--Overflow does
k¢ not occur.

mefmeemcmccame—mc——————
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8.6.10 Encoder compare mode (TTOMD3 to TTOMDO bits = 1000)
In the encoder compare mode, the encoder is controlled by using both the TTOCCRO and TTOCCR1 registers as
compare registers and the input pins for encoder count function (TENC00, TENCO1, and TECRO).
In this mode, the 16-bit counter can be cleared to 0000H in three ways: when the count value of the counter matches
the value of the CCRn buffer register (compare match interrupt request signal (INTTTOCCn) is generated), when the edge
of the encoder clear input (TECRO pin) is detected, and when the clear level condition of TENC00, TENCO1, and TECRO

pins is detected.

When the 16-bit counter underflows, the set value of the TTOCCRO register can be transferred to the counter.

(1) Encoder compare mode operation flow

Figure 8-55. Encoder Compare Mode Operation Flow

< START

TTOCTLA register

TTOCTL2 register

TTOIOCS3 register

TTOTCW register

Register initial setting
(TTOMDS to TTOMDO bits),

(TTOLDE, TTOECM1, TTOECMO,
TTOUDS1, TTOUDSO bits),

(TTOSCE, TTOZCL, TTOACL,
TTOBCL, TTOECS1, TTOECSO,
TTOEIS1, TTOEISO bits),
TTOCCRO, TTOCCRT1 registers,

TTOCE bit = 1

Encoder compare mode operation processing

Operation end?

TTOCE bit=0

< END

: See Figure 8-56 Encoder Compare Mode Operation Processing.
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Figure 8-56. Encoder Compare Mode Operation Processing

Valid edge of TENCO00,
TENCO1 detected?

Count down

Which count operation?

Count up

TTOECMO = 1?
(TTOCTL2)

Count value matches
CCRO register value?

16-bit counter cleared
and started.
INTTTOCCO signal generated.

Count value matches
CCR1 register value?

16-bit counter cleared
and started.
INTTTOCCH signal generated.

TTOLDE = 1?2
(TTOCTL2)

TTOCCRO set value
transferred to 16-bit counter.
INTTTOCCO signal generated.

'

1‘rosoM‘lo

(TTOIOC3)

Clear level condition o No

TENCO00, TENCO1, and TECRO
pins detected?

16-bit counter cleared
and started.

No

TECRO edge detected?

16-bit counter cleared
and started.

INTTIECO signal generated.

'

®
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(2) Encoder compare mode operation timing
(a) Basic timing 1

[Register setting conditions]
e TTOCTL2.TTOECM1 and TTOCTL2.TTOECMO bits = 01
The 16-bit counter is cleared to 0000H when its count value matches the value of the CCRO buffer register.
e TTOCTL2.TTOLDE bit =1
The set value of the TTOCCRO register is transferred to the 16-bit counter when it overflows.
e TTOIOC3.TTOSCE bit = 0, and TTOIOC3.TTOECS1 and TTOIOC3.TTOECSO bits = 00
Specification of clearing the 16-bit counter when the edge of the encoder clear input signal (TECRO pin) is
detected (no edge specified)

FFFFH

CMor

CMoo CMoo \

TTOCNT register

(@]
/2

\ CMoz
/ CMos  CMos
Clear Transfer oM
11,
0000H ‘ Clear /Clear
. \ 1 1
TTOCCRO register CI\‘/Ioo‘ CMor ) CM(\E CM‘oe‘
- | n
CCRQO buffer register CMoo X CMo1 X CMo2 CMos
INTTTOCCO signal _| —l —l —I_ —l —l
TTOCCRT1 register CMio X CMi1 X CMr2
| |
| |
CCR1 buffer register CMro CMr1 X CMr12
INTTTOCCH1 signal —l —l
TTOESF bit
INTTTOOV signal
TTOEOF bit |
TTOEUF bit
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When the 16-bit counter starts operating (TTOCE bit = 0 — 1), the set value of the TTOTCW register is
transferred to the counter and the 16-bit counter starts operating.

When the count value of the counter matches the value of the CCRO buffer register, the compare match
interrupt request signal (INTTTOCCO) is generated. Because the TTOECMO bit = 1, the 16-bit counter is
cleared to 0000H if the next count operation is counting up.

When the count value of the 16-bit counter matches the value of the CCR1 buffer register, the compare match
interrupt request signal (INTTTOCCH1) is generated. Because the TTOECM1 bit = 0, the 16-bit counter is not
cleared to 0000H when its value matches that of the CCR1 buffer register.

When the TTOLDE bit = 1 and TTOECMO bit = 1, the counter can operate in a range from 0000H to the set
value of the TTOCCRO register.
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(b) Basic timing 2

[Register setting condition]

e TTOCTL2.TTOECM1 and TTOCTL2.TTOECMO bits = 00
The 16-bit counter is not cleared even when its count value matches the value of the CCRn buffer register (a
=0, 1).

e TTOCTL2.TTOLDE bit=0
The set value of the TTOCCRO register is not transferred to the 16-bit counter after the counter underflows.

e TTOIOC3.TTOSCE bit = 0, and TTOIOC3.TTOECS1 and TTOIOC3.TTOECSO bits = 00
Specification of clearing the 16-bit counter when the edge of the encoder clear input signal (TECRO pin) is
detected (no edge specified)

Underflow Overflow

N CMO‘/\/\

TTOCNT register CM12/

CMo1 CMo1

FFFFH

%’/\CMOO CM

0000H

TTOCCRO register CMoo CMos X CMo2

|

I

I
CCRO buffer register CMoo X CMor ) CMoz

INTTTOCCO signal 1 1 1 1 1 1

TTOCCR1 register CMw‘ CM11 X CMr12

CCR1 buffer register CMro X CMi1 X CMiz2

INTTTOCCH signal —| —| —|

TTOESF bit

INTTTOOV signal —| —|

TTOEOF bit

TTOEUF bit
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When the 16-bit counter starts operating (TTOCE bit = 0 — 1), the set value of the TTOTCW register is
transferred to the 16-bit counter and the counter starts operating.

When the count value of the 16-bit counter matches the value of the CCRO buffer register, a compare match
interrupt request signal (INTTTOCCO) is generated.

When the count value of the 16-bit counter matches the value of the CCR1 buffer register, a compare match
interrupt request signal (INTTTOCC1) is generated.

The 16-bit counter is not cleared to 0000H even when its count value matches the value of the CCRn buffer
register because the TTOECM1 and TTOECMO bits = 00 (n = 0, 1).
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(c) Basic timing 3

[Register setting condition]

e TTOCTL2.TTOECM1 and TTOCTL2.TTOECMO bits = 11
The count value of the 16-bit counter is cleared to 0000H when its value matches the value of the CCRO
buffer register.
The count value of the 16-bit counter is cleared to 0000H when its value matches the value of the CCR1
buffer register.

e Setting of the TTOCTL2.TTOLDE bit is invalid.

e TTOIOC3.TTOSCE bit = 0, and TTOIOC3.TTOECS1 and TTOIOC3.TTOECSO bits = 00
Specification of clearing the 16-bit counter when the edge of the encoder clear input signal (TECRO pin) is
detected (no edge specified)

Underflow Underflow Overflow  Underflow

/\CMm CMor

CMoo CM11

C}Ar Clear Clear

CMi2 CMiz

FFFFH

CMo2
TTOCNT register

0000H Clear

TTOCCRO register

o

|
00 CMo1 X CMoz

l

W

1 1
CCRO buffer register CMoo X CMot X CMoz2

INTTTOCCO signal

— |
— |
— |

TTOCCRHT register CM1o X CMi1 ) CMi2
| |
\
l

\
CCR1 buffer register CM; X CMi1 X CMi2

INTTTOCCH signal —l —l |

TTOESF bit

INTTTOQV signal —| —|

TTOEOF bit

TTOEUF bit
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When the 16-bit counter starts operating (TTOCE bit = 0 — 1), the set value of the TTOTCW register is
transferred to the 16-bit counter and the counter starts operating.

When the count value of the 16-bit counter matches the value of the CCRO buffer register, a compare match
interrupt request signal (INTTTOCCO) is generated. At this time, the 16-bit counter is cleared to 0000H if the
next count operation is counting up.

When the count value of the 16-bit counter matches the value of the CCR1 buffer register, a compare match
interrupt request signal (INTTTOCC1) is generated. At this time, the 16-bit counter is cleared to 0000H if the
next count operation is counting down.
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CHAPTER 9 16-BIT INTERVAL TIMER M (TMM)

The VB50ES/JES-E and V850ES/JG3-E have four TMM channels (TMMn).
9.1 Overview
TMMn has the following features.

¢ Interval function
e 8 clocks selectable
e 16-bit counter x 1
(The 16-bit counter cannot be read during timer count operation.)
e Compare register x 1
(The compare register cannot be written during timer counter operation.)
o Compare match interrupt x 1

TMMn supports only the clear & start mode. The free-running timer mode is not supported.

Remark n=0t03
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9.2 Configuration

TMMn includes the following hardware.

Table 9-1. Configuration of TMMn

ltem

Configuration

Timer register

16-bit counter

Register

TMMn compare register 0 (TMnCMPO)

Control register

TMMn control register 0 (TMnCTLO)

Figure 9-1. Block Diagram of TMMn

8

Internal bus

TMnCTLO @

)

[TMnCE |[TMnCKS2 TMnCKS1TMACKS(f [ TvncmpPo |

v Match

fxx/2 ——
fxx/4
fxx/8 ——
fxx/16
fxx/64 —
fxx/256 ——
fxx/512 ——=
fxx/1024 ———

Note

Controller 4—| 16-bit counter |—7

Clear

Selector

Note In TMMO, fxx, fxx/2, fxx/4, fxx/64, fxx/512, fxx/1024, fr, fxT

Remark fxx: Main clock frequency
fR: Internal oscillation clock frequency
fxT: Subclock frequency
n=0to3

INTTMNEQO
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(1) 16-bit counter
This is a 16-bit counter that counts the internal clock.
The 16-bit counter cannot be read or written.

(2) TMMn compare register 0 (TMnCMPO)
The TMnCMPO register is a 16-bit compare register.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.
Software can be used to always write the same value to the TMNnCMPO register.
Rewriting the TMnCMPO register is prohibited when the TMnCTLO.TMnCE bit = 1.

After reset: 0000H ~ R/W  Address: TMOCMPO FFFFFA84H, TM1CMPO FFFFFA94H,
TM2CMPO FFFFFAA4H, TM3CMPO FFFFFAB4H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

QL N O A O B B

(n=0to 3)
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9.3 Registers

(1) TMMn control register (TMnCTLO)
The TMnCTLO register is an 8-bit register that controls the TMMn operation.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.
Software can be used to always write the same value to the TMnCTLO register.

Remark n=0t03
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After reset: 00H R/W Address: TMOCTLO FFFFFA80H, TM1CTLO FFFFFA90H,
TM2CTLO FFFFFAAOH, TM3CTLO FFFFFABOH
<7> 6 5 4 3 2 1 0
TMncTLO | TMnCE | 0o | o | o | 0 |TMnCKS2TMnCKS1| TMnCKSO
(n=01t0 3)
TMnCE Internal clock operation enable/disable specification
0 TMMn operation disabled (16-bit counter reset asynchronously).
Operation clock application stopped.
1 TMMn operation enabled. Operation clock application started. TMMn
operation started.
Internal clock control and internal circuit reset for TMMn are performed asynchronously
using the TMnCE bit. When the TMnCE bit is cleared to 0, the internal clock of TMMn
is disabled (fixed to low level) and 16-bit counter is reset asynchronously.
(m=0)
TMmCKS2| TMmMCKS1| TMmCKSO0 Count clock selection
fxx =50 MHz | fxx = 48 MHz| fxx = 32 MHz
0 0 0 xx 20.0ns 20.8 ns 31.3ns
0 1 fxx/2 40.0 ns 41.7ns 62.5 ns
0 1 0 fxx/4 80.0 ns 83.3 ns 125 ns
0 1 1 fxx/64 1.28 s 1.33 us 2.00 us
1 0 0 fxx/512 10.24 us 10.7 us 16.0 us
1 0 1 fxx/1024 |  20.48us| 21.33us 32.0 us
1 1 0 fr/8 36.36 us 36.36 us 36.36 us
1 1 1 fxT 30.52 us 30.52 us 30.52 us
(m=1to03)
TMmCKS2| TMmCKS1| TMmCKSO0 Count clock selection
fxx =50 MHz | fxx = 48 MHz| fxx = 32 MHz
0 0 fxx/2 40.0 ns 41.7 ns 62.5ns
0 0 1 fxx/4 80.0 ns 83.3 ns 125 ns
0 1 0 fxx/8 160 ns 167 ns 250 ns
0 1 1 fxx/16 320 ns 333 ns 500 ns
1 0 0 fxx/64 1.28 us 1.33 us 2.00 us
1 0 1 fxx/256 5.12us 5.33us 8.00 us
1 1 0 fxx/512 10.24us| 10.67us 16.0 us
1 1 1 fxx/1024 | 20.48pus| 21.33us 32.0 us
Cautions 1. Set the TMNCKS2 to TMnCKSO bits when the TMnCE bit = 0.
When changing the value of TMnCE from 0 to 1, it is not possible to set
the value of the TMnhCKS2 to TMnCKSO0 bits simultaneously.
2. Be sure to clear bits 3 to 6 to “0”.
Remark fxx: Main clock frequency
fr: Internal oscillation clock frequency
fxt: Subclock frequency
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9.4 Operation
Caution Do not set the TMnCMPO register to FFFFH.

9.4.1 Interval timer mode

In the interval timer mode, an interrupt request signal (INTTMnEQO) is generated at the specified interval if the

TMNnCTLO.TMnCE bit is set to 1.

Figure 9-2. Configuration of Interval Timer

Clear

Count clock .
selection >—’ 16-bit counter
{} Match signal

TMnCE bit TMnCMPO register

INTTMnEQO signal

Remark n=0t03

Figure 9-3. Basic Timing of Operation in Interval Timer Mode

FFFFH

16-bit counter

0000H

TMnCE bit

TMnCMPO register x D

INTTMnEQO signal —| —| —| —|

Interval (D + 1) | Interval (D + 1) | Interval (D + 1) | Interval (D + 1)

Remark n=0t03
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When the TMnCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0000H in synchronization with
the count clock, and the counter starts counting.

When the count value of the 16-bit counter matches the value of the TMnCMPO register, the 16-bit counter is cleared to
0000H and a compare match interrupt request signal (INTTMnEQO) is generated.
The interval can be calculated by the following expression.

Interval = (Set value of TMNnCMPO register + 1) x Count clock cycle

Figure 9-4. Register Setting for Interval Timer Mode Operation

(a) TMMn control register 0 (TMnCTLO)

TMnCE TMNCKS2 TMnCKS1 TMnCKSO
TMnCTLO|0/1‘O‘O‘ 0‘0‘0/1‘0/1‘0/1|

Select count clock

0: Stop counting
1: Enable counting

(b) TMMn compare register 0 (TMnCMPO0)
If the TMnCMPO register is set to D, the interval is as follows.

Interval = (D + 1) x Count clock cycle

Remark n=0t03
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(1) Interval timer mode operation flow

Figure 9-5. Software Processing Flow in Interval Timer Mode

FFFFH

16-bit counter

0000H

TMnCE bit

TMnCMPO register x D

INTTMnEQO signal —| —| —|

<1> <2>

<1> Count operation start flow

(o )

The initial setting of these registers is performed

Register initial setting before setting the TMnCE bit to 1.

TMnCTLO register
(TMnCKSO0 to TMnCKS?2 bits)
TMnCMPO register

The TMnCKSO0 to TMnCKS2 bits cannot be set
at the same time when counting has been started
(TMnCE bit = 1).

TMnCE bit = 1

<2> Count operation stop flow

The counter is initialized and counting is
TMnCE bit =0 stopped by clearing the TMnCE bit to 0.

C=

Remark n=0t03
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(2) Interval timer mode operation timing
Caution Do not set the TMUINCMPO register to FFFFH.
(a) Operation if TMNCMPO register is set to 0000H

If the TMNnCMPO register is set to 0000H, the INTTMnEQO signal is generated at each count clock.
The value of the 16-bit counter is always 0000H.

Count clock
16-bit counter FFFFH X 0000H X 0000H 0000H 0000H
TMnCE bit
TMnCMPO register 0000H
INTTMnEQO signal
Interval time Interval time
Count clock cycle | Count clock cycle

Remark n=0t03

(b) Operation if TMNCMPO register is set to N
If the TMNnCMPO register is set to N, the 16-bit counter counts up to N. The counter is cleared to 0000H in
synchronization with the next count-up timing and the INTTMnEQO signal is generated.

FFFFH —
N
16-bit counter
0000H
TMnCE bit
TMnCMPO register N
INTTMnEQO signal —l —l —l
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 n=0to3
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9.4.2 Cautions

(1) It takes the 16-bit counter up to the following time to start counting after the TMnCTLO.TMnCE bit is set to 1,
depending on the count clock selected.

(n=0)
Selected Count Clock Maximum Time Before Counting Start
fxx 2/fxx
fxx/2 3/fxx
fxx/4 6/fxx
fxx/64 128/fxx
fxx/512 1024/fxx
fxx/1024 2048/fxx
fr/8 16/fr
fxr 2/fxt
(n=11t03)
Selected Count Clock Maximum Time Before Counting Start
fxx/2 4/fxx
fxx/4 6/fxx
fxx/8 12/fxx
fxx16 32/fxx
fxx/64 128/fxx
fxx/256 512/fxx
fxx/512 1024/fxx
fxx/1024 2048/fxx

(2) Rewriting the TMNCMPO and TMnCTLO registers is prohibited while TMMn is operating.

If these registers are rewritten while the TMnCE bit is 1, the operation cannot be guaranteed.
If they are rewritten by mistake, clear the TMnCTLO.TMnCE bit to 0, and re-set the registers.

Remark n=0t03
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CHAPTER 10 MOTOR CONTROL FUNCTION (V850ES/JG3-E)

10.1 Functional Overview

Timer AB1 (TAB1) and the TAB1 option (TAB10OPO0) can be used as an inverter function that controls a motor. It
performs a tuning operation with timer AA4 (TAA4) and A/D conversion of the A/D converter can be started when the value
of TAB1 matches the value of TAA4. The following operations can be performed as motor control functions.

¢ 6-phase PWM output function with 16-bit accuracy
¢ Timer tuning operation function (tunable with TAA4)
e Cycle setting function (cycle can be changed during operation of crest or valley interrupt)
e Compare register rewriting: Anytime rewrite, batch rewrite, or intermittent rewrite (selectable during TAB1 operation)
e Interrupt and transfer culling functions
¢ Dead-time setting function
o A/D trigger timing function of the A/D converter
e 0% output and 100% output available
¢ 0% output and 100% output selectable by crest interrupt and valley interrupt
¢ Forcible output stop function
¢ When valid edge detected by external pin input (TOAB10OFF, TOAA10FF)
¢ When main clock oscillation stop detected by clock monitor function
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10.2 Configuration

The motor control function consists of the following hardware.

ltem

Configuration

Timer register

Dead-time counters

Compare register

TAB1 dead-time compare register (TAB1DTC register)

Control registers

TAB1 option register 1 (TAB10OPT1)

TAB1 option register 2 (TAB10PT2)

TAB1 1/O control register 3 (TAB110C3)
High-impedance output control register 0 (HZAOCTLO)
High-impedance output control register 1 (HZAOCTL1)

6-phase PWM output can be produced with dead time by using the output of TAB1 (TOAB11, TOAB12, TOAB13).
The output level of the 6-phase PWM output can be set individually.

e The 16-bit timer/counter of TAB1 counts up/down triangular waves. When the timer/counter underflows and when a

cycle match occurs, an interrupt is generated. Interrupt generation, however, can be suppressed up to 31 times.

e TAA4 can execute counting at the same time as TAB1 (timer tuning operation function). TAA4 can be set in three

ways as it can generate an A/D trigger source (TABTADTO) and two types of interrupts: a TAB1 underflow interrupt
(INTTAB10V) and a cycle match interrupt (INTTAB1CCO).
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Figure 10-1. Block Diagram of Motor Control

< © TOAB10
TAB1 © TOAB1T1
. TMQ option /L
e Carrier
e 3-phase PWM e 6-phase PWM ——QO) TOAB1B1
generation generation with |
dead time from | \
3-phase PWM © TOAB1T2
TAA4 e Culling control /L
o A/D trigger o A/D trigger selection \
generation in O TOAB1B2
synchronization A O
with TAB1 [
\: © TOABIT3
TAA1 |
RN © TOAB1B3
e PWM generation v < 4
— > © TOAAT
High-impedance
output :
controller | :_ INTP16/TOAB1OFF
[ N ion © INTPO9/TOAA1OFF
Crest interrupt
(INTTAB1CCO)

INTC Valley interrupt A/D trigger of A/D converter

(INTTAB10V)

Edge detection
Edge detection

e Interrupt control

Note V850ES/JG3-E only
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Figure 10-2. TAB1 Option

S Internal bus S
$ © TOAB10
TABnDTC —
(10-bit dead-time value) High-impedance
‘ ‘ output controller
TAB1 Channel 1 Bosive v
— pr;a/\se control / © TOABI1TH
TOAB10 { Clear \ A
TOAB1 {Nete Edge Dead-time counter 1 Active setting Output control
(internal detection (10 bits) L Negatve
ianal phase Level © TOAB1B1
signal) FIF control A |
Active setting Output control
Channel 2 — E Q TOAB1T2
TOAB{2Note >< I
(internal || QTOAB1B2
signal) ¢ .
— ——QO TOAB1T3
TOAB{3Mt Channel 3 >\:
(internal [
signal) — —O) TOAB1B3
Interrupt culling circuit INTC
INTTAB10OV_BASE —
) INTTAB10OV
)} INTTAB1CCO
q>_ Counter
Mask [
control
Mask count buffer ‘L Crest/valley interrupt
selection
Cullingenable | | | .
Number of masks : :
: A/D converter
TABTICCnO_: :
TABTIOVn , ! :
A/D trigger A/D trigger selection : E
generator 1 (TAB1OPT2 register) : :
Up/down selection
TAA4 TABTADTO i 5
INTTAA4CCO D
INTTAA4CCH
Note TOAB11, TOAB12, and TOAB13 function alternately as output pins.
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(1) TAB1 dead-time compare register (TAB1DTC)
The TAB1DTC register is a 10-bit compare register that specifies the dead-time value.
Rewriting this register is prohibited when the TAB1CTLO0.TAB1CE bit = 1.

This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

Caution When generating a dead-time period, set the TAB1DTC register to 1 or higher.
Note, when the operation is stopped (TAB1CTLO.TAB1CE bit = 0), a dead-time period is not
generated, so the output levels of the TOAB1T1 to TOAB1T3 and TOAB1B1 to TOAB1B3 pins are
in their default states. Therefore, for the protection of the system, take measures such as making
the TOAB1T1 to TOAB1T3 and TOAB1B1 to TOAB1B3 pins go into a high-impedance state before
stopping operation, or setting the output levels of the pins before switching port modes.
When a dead-time period is not needed, set the TAB1DTC register to 0.

After reset: 0000H

15

R/W

Address: FFFFF584H

10 9

TAB1DTC

000000

TAB1DTC9 to TAB1DTCO

(2) Dead-time counters 1to 3

The dead-time counters are 10-bit counters that count dead time.

These counters are cleared or count up at the rising or falling edge of the TOAB1m output signal of TAB1, and are

cleared or stopped when their count value matches the value of the TAB1DTC register. The count clock of these
counters is the same as that set by the TAB1CTL0.TAB1CKS2 to TAB1CTL0.TAB1CKSO bits of TAB1.

Remarks 1. The operation differs when the TAB1OPT2.TAB1DTM bit = 1. For details, see 10.4.2 (4) Automatic
dead-time width narrowing function (TAB1OPT2.TAB1DTM bit = 1).

2. m=1t03
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10.3 Control Registers

(1) TAB1 option register 1 (TAB1OPT1)
The TAB1OPT1 register is an 8-bit register that controls the interrupt request signal generated by the timer AB1

option function.

This register can be rewritten when the TAB1CTLO.TAB1CE bit is 1.
Two rewrite modes (batch write mode and anytime write mode) can be selected, depending on the setting of the

TAB1OPTO.TAB1CMS bit.

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

<6>

Address: FFFFF580H

5

4

3 2 1 0

TAB1OPT1 [ TAB1ICE| TAB1IOE|

0 | TAB1ID4| TAB1ID3| TAB1ID2 | TAB1ID1 | TAB1IDO|

TAB1ICE

Crest interrupt (INTTAB1CCO signal) enable

0

culling).

Do not use INTTAB1CCO signal (do not use it as count signal for interrupt

Use INTTAB1CCO signal (use it as count signal for interrupt culling).

TAB1IOE

Valley interrupt (INTTAB10V signal) enable

0

culling).

Do not use INTTAB10V signal (do not use it as count signal for interrupt

Use INTTAB10QV signal (use it as count signal for interrupt culling).

TAB1ID4| TAB1ID3 | TAB1ID2| TAB1ID1|TAB1IDO Number of times of interrupt

0 0 0 0 0 Not culled (all interrupts are output)

0 0 0 0 1 1 masked (one of two interrupts is output)
0 0 0 1 0 2 masked (one of three interrupts is output)
0 0 0 1 1 3 masked (one of four interrupts is output)
1 1 1 0 0 28 masked (one of 29 interrupts is output)
1 1 1 0 1 29 masked (one of 30 interrupts is output)
1 1 1 1 0 30 masked (one of 31 interrupts is output)
1 1 1 1 1 31 masked (one of 32 interrupts is output)
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(2) TAB1 option register 2 (TAB10PT2)
The TAB1OPT2 register is an 8-bit register that controls the timer AB1 option function.

This register can be rewritten when the TAB1CTLO.TAB1CE bit is 1.

prohibited when the TAB1CE bit is 1. The same value can be rewritten.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

However, rewriting the TAB1DTM bit is

(1/2)

After reset: 00H

<7>

R/W Address: FFFFF581H

<6> <5> <4> <3> <2> <1> <0>

TAB1OPT2  [TAB1RDE[TAB1DTMTABIATMTABIATM2 TAB1AT3|[TAB1AT2| TAB1AT1 | TABIATO|

TAB1RDE

Transfer culling enable

0

Do not cull transfer (transfer timing is generated every time at crest
and valley).

Cull transfer at the same interval as interrupt culling set by the TAB1OPT1
register.

TAB1DTM

Dead-time counter operation mode selection (m = 1 to 3)

0

The dead-time counter counts up normally and, if TOAB1m output of
TABH1 is at a narrow interval (TOAB1m output width < dead-time width),
the dead-time counter is cleared and counts up again.

The dead-time counter counts up normally and, if TOAB1m output of
TABH1 is at a narrow interval (TOAB1m output width < dead-time width),
the dead-time counter counts down and the dead-time control width is
automatically narrowed.

Rewriting the TAB1DTM bit is disabled during timer operation. [f it is rewritten by
mistake, stop the timer operation by clearing the TAB1CE bit to 0, and re-set the
TAB1DTM bit.

Cautions 1. When using interrupt culling (the TAB1OPT1.TAB1ID4 to TAB1OPT1.TAB1IDO bits are
set to other than 00000), be sure to set the TAB1RDE bit to 1.
This means that interrupts and transfers are generated at the same timing. Interrupts
and transfers, cannot be set separately. If interrupts and transfers are set separately
(TAB1RDE bit = 0), transfers are not performed normally.

2. When generating a dead-time period, set the TAB1DTC register to 1 or higher.
Note, when the operation is stopped (TAB1CTL0.TAB1CE bit = 0), a dead-time period is
not generated, so the output levels of the TOAB1T1 to TOAB1T3 and TOAB1B1 to
TOAB1B3 pins are in their default states. Therefore, for the protection of the system,
take measures such as making the TOAB1T1 to TOAB1T3 and TOAB1B1 to TOAB1B3
pins go into a high-impedance state before stopping operation, or setting the output
levels of the pins before switching port modes.

When a dead-time period is not needed, set the TAB1DTC register to 0.
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(2/2)
TAB1ATM3 TAB1ATM3 mode selection
0 Output A/D trigger signal (TABTADTO) for INTTAA4CCH1 interrupt while
dead-time counter is counting up.
1 Output A/D trigger signal (TABTADTO) for INTTAA4CCH1 interrupt while
dead-time counter is counting down.
TAB1ATM2 TAB1ATM2 mode selection
0 Output A/D trigger signal (TABTADTO) for INTTAA4CCO interrupt while
dead-time counter is counting up.
1 Output A/D trigger signal (TABTADTO) for INTTAA4CCO interrupt while
dead-time counter is counting down.
TAB1AT3N® A/D trigger output control 3
0 Disable output of A/D trigger signal (TABTADTO) for INTTAA4CCH1 interrupt.
1 Enable output of A/D trigger signal (TABTADTO) for INTRAA4CCH1 interrupt.
TAB1AT2N® A/D trigger output control 2
0 Disable output of A/D trigger signal (TABTADTO) for INTTAA4CCO interrupt.
1 Enable output of A/D trigger signal (TABTADTO) for INTTAA4CCO interrupt.
TAB1AT1Nete A/D trigger output control 1
0 Disable output of A/D trigger signal (TABTADTO) for INTTAB1CCO
(crest interrupt).
1 Enable output of A/D trigger signal (TABTADTO) for INTTAB1CCO
(crest interrupt).
TAB1ATQNe A/D trigger output control O
0 Disable output of A/D trigger signal (TABTADTO) for INTTAB10V
(valley interrupt).
1 Enable output of A/D trigger signal (TABTADTO) for INTTAB10OV
(valley interrupt).
Note For the setting of the TAB1AT3 to TAB1ATO bits, sse CHAPTER 14 A/D CONVERTER.
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(3) TAB1 I/O control register 3 (TAB110C3)
The TAB110OC3 register is an 8-bit register that controls the output of the timer AB1 option function.
To output from the TOAB1Tm pin, set the TAB1IOC0.TAB1OEm bit to 1 and then set the TAB110C3 register.
The TAB110C3 register can be rewritten only when the TAB1CTL0.TAB1CE bit is 0.
Rewriting each bit of the TAB110OC3 register is prohibited when the TAB1CTLO.TAB1CE bit is 1; however the same
value can be rewritten to each bit of the TAB110C3 register when the TAB1CTLO.TAB1CE bit is 1.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to A8H.

Caution Set the TAB110C3 register to the reset value (A8H) when the timer is used in a mode other than
the 6-phase PWM output mode.

Remarks 1. Set the output level of the TOAB1Tm pin by using the TAB1IOCO register.
2. m=1t03

After reset: A8BH R/W Address: FFFFF582H

<7> <6> <5> <4> <3> <2> 1
TAB1I0C3  [TAB1OLB3TAB1OEBS TAB1OLB2TABIOEB2 TABIOLBITABIOEBI 0 | 0 |
TAB10OLBm Setting of TOAB1Bm pin output level (m =1 to 3)
0 Disable inversion of output of TOAB1Bm pin
1 Enable inversion of output of TOAB1Bm pin
TAB10EBm TOAB1Bm pin output (m = 1 to 3)

0 Disable TOAB1Bm pin output.
e When TAB1OLBm bit = 0, low level is output from TOAB1Bm pin.
e When TAB1OLBm bit = 1, high level is output from TOAB1Bm pin.

1 Enable TOAB1Bm pin output.
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(a) Output from TOAB1Tm and TOAB1Bm pins
The TOAB1Tm pin output is controlled by the TAB110CO.TAB1OLm and TAB1IOCO0.TAB1OEm bits. The
TOAB1Bm pin output is controlled by the TAB110C3.TAB10OLBm and TAB110C3.TAB1OEBmM bits.
The timer output with each setting in the 6-phase PWM output mode is shown below.

Figure 10-3. Output Control of TOAB1Tm and TOAB1Bm Pins (Without Dead Time)

16-bit
counter
TAB10OEm bit = 0, TAB10OLm bit = 0 (status after reset)
TAB10OEBm bit = 0, TAB1OLBm bit = 1 (status after reset)
I I I
TOAB1Tm Fixed to low-level output
pin output ‘ ‘ ‘
TOAB1Bm - -
pin output Fixed t‘o h|gh-le‘vel outpl‘Jt
TAB10OEm bit = 1, TAB10OLm bit = 0 (positive-phase output)
TAB1OEBm bit = 1, TAB1OLBm bit = 1 (negative-phase output)
TOAB1Tm
pin output | | | [ | [ | [ [ [
TOAB1Bm
vt S O O Y O O o O
TAB10OEm bit = 1, TAB10OLm bit = 0 (positive-phase output)
TAB10OEBmM bit = 1, TAB1OLBm bit = 0 (positive-phase output)
TOAB1Tm
pin output | | | [ | [ | [ | [
TOAB1Bm T s Y e A
pin output
TAB10OEm bit = 1, TAB1OLm bit = 1 (negative-phase output)
TAB10OEBmM bit = 1, TAB1OLBm bit = 1 (negative-phase output)
TOAB1Tm
pin output |__| [ | [ | [ [ [ [
TOAB1Bm
ostEm T LT[ LT L L L]
Remark m=1to3
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(6)

Table 10-1. TOAB1Tm Pin Output

TAB10OLm Bit TAB10OEm Bit TAB1CE Bit TOAB1Tm Pin Output
0 0 X Low-level output
1 0 Low-level output
1 TOAB1Tm positive-phase output
1 0 X High-level output
1 0 High-level output

TOAB1Tm negative-phase output

Remark m=1t03

Table 10-2. TOAB1Bm Pin Output

TAB10LBm Bit

TAB10OEBm Bit

TAB1CE Bit

TOAB1Bm Pin Output

0

0

X

Low-level output

1

0

Low-level output

TOAB1Bm positive-phase output

High-level output

High-level output

TOAB1Bm negative-phase output

Remark m=1t03

High-impedance output control registers 0, 1 (HZAOCTLO, HZAOCTL1)

The HZAOCTLO and HZAOCTL1 registers are 8-bit registers that control the high-impedance state of the output

buffer.

These registers can be read or written in 8-bit or 1-bit units. However, the HZAODCFn bit is a read-only bit and

cannot be written.

16-bit access is not possible.
Reset sets these registers to 00H.
Software can be used to always write the same value to the HZAOCTLn register.
The relationship between detection factor and the control registers is shown below.

Pins Subject to High-Impedance Control

High-Impedance Control Factor

Control Register

External Pin
When TOAB1T1 to TOAB1T3 are output TOAB1OFF/INTP18 HZAOCTLO
When TOAB1B1 to TOAB1B3 are output
When TOAA11 is output™® TOAA1OFF/INTPO6 HZAOCTLA

Note V850ES/JG3-E only

Caution High impedance control is performed only when the target port is specified as a target pin in the

above table.

Remark n=0,1
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(1/2)

After reset: O0H R/W Address: HZAOCTLO FFFFF590H, HZAOCTL1 FFFFF591H

<7> <6> 5 4 <3> <2> 1 <0>

HZAOCTLn |HZAODCEn ‘ HZAODCMn ‘ HZAODCNn ‘ HZAODCPn ‘ HZAODCTn ‘ HZAODCCn ‘ 0 ‘ HZAODCFn |

(n=0,1)

HZAODCEn High-impedance output control

0 Disable high-impedance output control operation. Pins can function as
output pins.

1 Enable high-impedance output control operation.

HZAODCMn Condition of clearing high-impedance state by HZAODCCn bit

0 Setting of the HZAODCCn bit is valid regardless of the external pin input.

1 Setting of the HZAODCCn bit is invalid while the external pin input holds a
level detected as abnormal (active level).

Rewrite the HZAODCMn bit when the HZAODCER bit = 0.

HZAODCNn | HZAODCPn External pin input edge specification

0 0 No valid edge (setting the HZAODCFn bit by external pin input
is prohibited).

0 1 Rising edge of the external pin is valid
(abnormality is detected by rising edge input).

1 0 Falling edge of the external pin is valid
(abnormality is detected by falling edge input).

1 1 Setting prohibited

¢ Rewrite the HZAODCNn and HZAODCPn bits when the HZAODCEn bit is 0.

e For the valid edge specification of the interrupts of the INTP09 and INTP16 pins,
see 22.6.2 (3) External interrupt falling, rising edge specification register 3
(INTR3, INTF3) and (6) External interrupt falling, rising edge specification
register 9H (INTR9, INTF9).

» For the edge specification of the external pins, begin with the TOAB1OFF and
TOAA1OFF pins. Then, perform edge specification for the external pins other than
the TOAB10OFF and TOAA10OFF pins. Otherwise, an undefined edge may be
detected when the edge for the TOAB10OFF and TOAA10OFF pins is specified.

* High-impedance output control is performed when the valid edge is input after the
operation is enabled (by setting HZAODCEn bit to 1). If the external pin is at
the active level when the operation is enabled, therefore, high-impedance output
control is not performed.
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(2/2)

HZAODCTn High-impedance output trigger bit

0 No operation
1 Pins are made to go into a high-impedance state by software and the
HZAODCFn bit is set to 1.

e If an edge indicating abnormality is input to the external pin (which is detected
according to the setting of the HZAODCNn and HZAODCPn bits), the HZAODCTn
bit is invalid even if it is set to 1.

e The HZAODCTNn bit is always 0 when it is read because it is a software-triggered
bit.

e The HZAODCTn bit is invalid even if it is set to 1 when the HZAODCERn bit = 0.

* Simultaneously setting the HZAODCTn and HZAODCCh bits to 1 is prohibited.

HZAODCCn High-impedance output control clear bit

0 No operation
1 Pins that have gone into a high-impedance state are output-enabled by
software and the HZAODCFn bit is cleared to 0.

¢ Pins can function as output pins when the HZAODCM bit = 0, regardless of the
status of the external pin.

e |f an edge indicating abnormality is input to the external pin (which is set by the
HZAODCNn and HZAODCPn bits) when the HZAODCM bit = 1, the HZAODCCn
bit is invalid even if it is set to 1.

e The HZAODCCn bit is always 0 when it is read.

e The HZAODCCn bit is invalid even if it is set to 1 when the HZAODCEn bit = 0.

e Simultaneously setting the HZAODCTn and HZAODCCn bits to 1 is prohibited.

HZAODCFn High-impedance output status flag
0 Indicates that output of the pin is enabled.
¢ This bit is cleared to 0 when the HZAODCERn bit = 0.
« This bit is cleared to 0 when the HZAODCCn bit = 1.
1 Indicates that the pin goes into a high-impedance state.
e This bit is set to 1 when the HZAODCTn bit = 1.
¢ This bit is set to 1 when an edge indicating abnormality is input to the
external pin (which is detected according to the setting of the
HZAODCNn and HZAODCPn bits).
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Figure 10-4. High-Impedance Output Controller Configuration

NTP1s
TOAA1OFF/ o Ar)alog L HzAOCTLA —\
INTPO9 filter J
TAA1 4[$—© TOAA11Y*®
TOAB10OFF/ Analog
INTP16 © — filter HZAOCTLO \
———————=PLL TMQOP —;—(@ TOAB1B1
X1 O—— Main Clock monitor —;—@ TOAB1T1
X2 O——— oscillator circuit q
—;—@ TOAB1B2
—;—@ TOAB1T2
—;—@ TOAB1B3
—P@ TOAB1T3
Note V850ES/JG3-E only
Remark Also see Figures 10-1 and 10-2.
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(a) Setting procedure

(@

(i)

Setting of high-impedance control operation
<1> Set the HZAODCMn, HZAODCNnN, and HZAODCPn bits.
<2> Set the HZAODCERn bit to 1 (enable high-impedance control).

Changing setting after enabling high-impedance control operation

<1> Clear the HZAODCEn bit to 0 (to stop the high-impedance control operation).

<2> Change the setting of the HZAODCMn, HZAODCNn, and HZAODCPn bits.

<3> Set the HZAODCERN bit to 1 (to enable the high-impedance control operation again).

(iii) Resuming output when pins are in high-impedance state

If the HZAODCMn bit is 1, set the HZAODCCn bit to 1 to clear the high-impedance state after the valid
edge of the external pin is detected. However, the high-impedance state cannot be cleared unless this bit
is set while the input level of the external pin is inactive.
<1> Set the HZAODCCn bit to 1 (command signal to clear the high-impedance state).
<2> Read the HZAODCFn bit and check the flag status.
<3> Return to <1> if the HZAODCFn bit is 1. The input level of the external pin must be checked.

The pin can function as an output pin if the HZAODCFn bit is 0.

(iv) Making pin go into high-impedance state by software

The HZAODCTNn bit must be set to 1 by software to make the pin go into a high-impedance state while the
input level of the external pin is inactive. The following procedure is an example in which the setting is not
dependent upon the setting of the HZAODCMn bit.
<1> Set the HZAODCTn bit to 1 (high-impedance output command).
<2> Read the HZAODCFn bit to check the flag status.
<3> Return to <1> if the HZAODCFn bit is 0. The input level of the external pin must be checked.

The pin is in a high-impedance state if the HZAODCFn bit is 1.

However, if the external pin is not used with the HZAODCPn bit and HZAODCNn bit cleared to 0, the pin
goes into a high-impedance state when the HZAODCTn bit is set to 1.

Remark n=0,1
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CHAPTER 10 MOTOR CONTROL FUNCTION (V850ES/JG3-E)

10.4 Operation

10.4.1 System outline

(1) Outline of 6-phase PWM output

The 6-phase PWM output mode is used to generate a 6-phase PWM output wave, by using the timer AB1 (TAB1)
and the TAB1 option (TAB1OPO) in combination.

The 6-phase PWM output mode is enabled by setting the TAB1CTL1.TAB1MD2 to TAB1CTL1.TAB1MDO bits of
TAB1 to “111”.

One 16-bit counter and four 16-bit compare registers of TAB1 are used to generate a basic 3-phase wave.

The functions of the compare registers are as follows.

TAA4 can perform a tuning operation with TAB1 to generate a conversion trigger source for the A/D converter.

Compare Register

Function

Settable Range

TAB1CCRO register

Setting of cycle

0002H < m < FFFEH

TAB1CCRH1 register

Specifying output width of phase U

0000H <i<m+1

TAB1CCR2 register

Specifying output width of phase V

0000H<j<m +1

TAB1CCRS register

Specifying output width of phase W

0000H<k<m+ 1

Remark m = Set value of TAB1CCRO register
i = Set value of TAB1CCR1 register
j = Set value of TAB1CCR2 register
k = Set value of TAB1CCRS3 register

A dead-time interval is generated from the basic 3-phase wave generated by using three 10-bit dead-time counters
and one compare register to create a wave with a reverse phase to that of the basic 3-phase wave. Then a 6-
phase PWM output wave (U, U, V, V, W, and W) is generated.

The 16-bit counter for generating the basic 3-phase wave counts up or down. After the operation has been started,
this counter counts up. When its count value matches the cycle set to the TAB1CCRO register, the counter starts
counting down. When the count value matches 0001H, the counter counts up again. This means that a value two
times higher than the value set to the TAB1CCRO register + 1 is the carrier cycle.

10-bit dead-time counters 1 to 3, which generate the dead-time interval, count up. Therefore, the value set to the
TAB1 dead-time compare register (TAB1DTC) is used as a dead-time value as is. Because three counters are
used, dead time can be generated independently in phases U, V, and W. However, because there is only one
register that specifies a dead-time value (TAB1DTC), the same dead-time value is used in all three phases.
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Figure 10-5. Outline of 6-Phase PWM Output Mode

A/D trigger
16-bit counter Up/down selection generg?or
I INTTAB1OV_BASE INTTAB10OV signal
0001H Interrupt (valley interrupt)
culling circuit INTTAB1CCO signal
(crest interrupt)
© TOAB10 pin
tput
TAB1CCRO register (carrier cycle) outpu
TOAB11
(internal signal)Nee ]
Dead-time counter 1 TOT1 © TOAB1T1 pin
output (U)
TAB1CCR1 register (phase U output data) TOB1 —O) TOAB1B1 pin
TOAB12 — output (U)
(internal signal)Nete ]
Dead-time counter 2 TOT2 © TOAB1T2 pin
output (V)
TAB1CCR2 register (phase V output data) TOB2 © TOAB1B2 pin
TOAB13 output (V)
(internal signal)Nete .
g Dead-time counter 3 TOT3 |—© TOAB1T3 pin
output (W)
TAB1CCRS3 register (phase W output data) TOB3 ——© TOAB1B3 pin
output (W)

TAB1DTC register
(dead-time value)

Note TOAB11, TOAB12, and TOAB13 function alternately as output pins.
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Figure 10-6. Timing Chart of 6-Phase PWM Output Mode
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TOAB1B1 _
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TOAB1T2

pin output (V)
TOAB1B2
pin output (V)

TOABI1T3
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TOAB1B3 __
pin output (W)

Cautions 1.

Phase U output width = M+1-i)x2-N
| Phase U output width = (M + 1~ i) x2 + N
Phast? \" output width=(M+1-j)x2-N

} Phase V output width = (M + 1 —j) x 2 + N
P‘hase‘W output Wjdth =(M+1-k)x2-N

Ph. seijv utput width = (M + 1 -k) x2 +N
,_.\ F T‘—j Dead-time width =N

Set the value “M” of the TAB1CCRO register in a range of 0002H < M < FFFEH in the 6-phase
PWM output mode.

Only a value of up to “M + 1” can be set to the TAB1CCR1, TAB1CCR2, and TAB1CCR3
registers.

The output is 100% if “0000H” is set to the TAB1CCR1, TAB1CCR2, and TAB1CCR3
registers. The output is 0% if “M + 1” is set to the TAB1CCR1, TAB1CCR2, and TAB1CCR3
registers.

The output (duty 50%) rises at the crest (M + 1) of the 16-bit counter and falls at the valley
(0000H) if “M + 2” or higher is set to the TAB1CCR1,TAB1CCR2, and TAB1CCRS registers.

If the operation value of an equation (such as (M + 1 — i) x 2 — N) of the output width of
phases U, V, and W is 0 or lower, it is converged to 0 (100% output). If the operation value is
higher than “(M + 1) x 2”, it is converged to (M + 1) x 2 (0% output).
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Interrupt requests

Two types of interrupt requests are available: the INTTAB1CCO (crest interrupt) signal and INTTAB10OV (valley
interrupt) signal.

The INTTAB1CCO and INTTAB10V signals can be culled by using the TAB1OPT1 register.

For details of culling interrupts, see 10.4.3 Interrupt culling function.

¢ INTTAB1CCO (crest interrupt) signal: An interrupt signal indicating a match between the value of the 16-bit
counter that counts up and the value of the TAB1CCRO register

¢ INTTAB1OV (valley interrupt) signal: An interrupt signal indicating a match between the value of the 16-bit
counter that counts down and the value 0001H

Rewriting registers during timer operation
The following registers have a buffer register and can be rewritten in the anytime rewrite mode, batch rewrite mode,
or intermittent batch rewrite mode.

Related Unit Register

Timer AA1 TAAT capture/compare register 0 (TAA1CCRO
TAAT capture/compare register 1 (TAA1CCR1

)
)
Timer AB1 TAB1 capture/compare register 0 (TAB1CCRO)
TAB1 capture/compare register 1 (TAB1CCR1)
TAB1 capture/compare register 2 (TAB1CCR2)
TAB1 capture/compare register 3 (TAB1CCR3)

Timer AB1 option TAB1 option register 1 (TAB10OPT1)

For details of the transfer function of the compare register, see 10.4.4 Operation to rewrite register with transfer
function.

Counting-up/down operation of 16-bit counter
The operation status of the 16-bit counter can be checked by using the TAB1CUF bit of TAB1 option register 0
(TAB1OPTO).

Status of TAB1CUF Bit Status of 16-Bit Counter Range of 16-Bit Counter Value
TAB1CUF bit=0 Counting up 0000H — m
TAB1CUF bit = 1 Counting down (m+ 1) — 0001H

Remark m = Set value of TAB1CCRO register
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Figure 10-7. Interrupt and Up/Down Flag
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10.4.2 Dead-time control (generation of negative-phase wave signal)

(1) Dead-time control mechanism

In the 6-phase PWM output mode, compare registers 1 to 3 (TAB1CCR1, TAB1CCR2, and TAB1CCRS3) are used to
set the duty factor, and compare register 0 (TAB1CCRO) is used to set the cycle. By setting these four registers
and by starting the operation of TAB1, three types of PWM output waves (basic 3-phase waves) with a variable duty
factor are generated. These three PWM output waves are input to the timer AB option unit (TABOP) and their
inverted signal with dead-time is created to generate three sets of (six) PWM waves.

The TABOP unit consists of three 10-bit counters (dead-time counters 1 to 3) that operate in synchronization with
the count clock of TAB1, and a TAB1 dead-time compare register (TAB1DTC) that specifies dead time. If “a” is set
to the TAB1DTC register, the dead-time value is “a”, and interval “a” is created between a positive-phase wave and
a negative-phase wave.

Figure 10-8. PWM Output Wave with Dead Time (1)

(a) When dead time is inserted (TAB1DTC register = a)

16-bit
counter

TOAB1m signal
(internal signal)

Dead-time
counter m

TOAB1Tm
pin output
TOAB1Bm
pin output

16-bit
counter

TOAB1m signal
(internal signal)

Dead-time
counter m
TOAB1Tm
pin output

TOAB1Bm
pin output

Remark m=1t03
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(2) PWM output of 0%/100%
The V850ES/JE3-E and V850ES/JG3-E are capable of 0% wave output and 100% wave output for PWM output.
A low level is continuously output from the TOAB1Tm pin as the 0% wave output. A high level is continuously
output from the TOAB1Tm pin as the 100% wave output.
A 0% wave is output by setting the TAB1CCRm register to “M + 1” when the TAB1CCRO register = M.
A 100% wave is output by setting the TAB1CCRm register to “0000H”.
Rewriting the TAB1CCRm register is enabled while the timer is operating, and 0% wave output or 100% wave
output can be selected at the point of the crest interrupt (INTTAB1CCO) and valley interrupt (INTTAB10V).

Remark m=1to3

Figure 10-9. 0% PWM Output Waveform (With Dead Time)

16-bit
counter

TAB1CCRO
register

TAB1CCR1 - - -
register i X M + 1 X i XM+1 X i

CCR1
buffer register

0000H i M + 1 i M + 1 i
<1> <2> <3> <4>

0% output
TOAB1T1 !
pin output | ~—— 0% output ——» [ |

TOAB1B1 —
pin output I I I I—

Forced timing {}
of timer output

<1> 0% output is selected by the valley interrupt (without a match with the 16-bit counter).
The valley interrupt forcibly lowers the timer output. This produces the 0% output.

<2> 0% output is canceled by the crest interrupt (without a match with the 16-bit counter).
The crest interrupt forcibly raises the timer output. This cancels the 0% output.

<3> 0% output is selected by the crest interrupt (with a match with the 16-bit counter).
The crest interrupt forcibly raises the timer output, but lowering the timer output takes precedence when
the value of the TAB1CCRm register matches the value of the 16-bit counter. As a result, the 0% wave is
output.

<4> 0% output is canceled by the valley interrupt (without a match with the 16-bit counter).
The valley interrupt forcibly lowers the timer output. This cancels the 0% output.

Remarks 1. * means forcible raising and ¥ means forcible lowering.
2. m=1t03
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Figure 10-10. 100% PWM Output Waveform (With Dead Time)

16-bit
counter

TAB1CCRO
register

TAB1CCR1
register

CCR1
buffer register

0000H

TOAB1T1
pin output
TOAB1B1
pin output

Forced timing {}
of timer output

<1> 100% output is selected by the valley interrupt (with a match with the 16-bit counter).
The valley interrupt forcibly lowers the timer output, but raising the timer output takes precedence when
the value of the TAB1CCRm register matches the value of the 16-bit counter. As a result, the 100% output
is produced.

<2> 100% output is canceled by the valley interrupt (without a match with the 16-bit counter).
The valley interrupt forcibly lowers the timer output. This cancels the 100% output.

<3> 100% output is selected by the crest interrupt (without a match with the 16-bit counter).
The crest interrupt forcibly raises the timer output. This produces the 100% output.

<4> 100% output is canceled by the crest interrupt (without a match with the 16-bit counter).
The crest interrupt forcibly raises the timer output. This cancels the 100% output.

Remarks 1. } means forcible raising and ¥ means forcible lowering.
2. m=1to3
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Figure 10-11. PWM Output Waveform from 0% to 100% and from 100% to 0% (With Dead Time)
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<1> The valley interrupt selects 100% «—— 0% or 0% «— 100% output.
Output can be selected from 100% «— 0% or 0% «— 100% immediately after the timer has been
started.

<2> The crest interrupt selects 100% «— 0% output.
The crest interrupt selects 100% — 0% output by using the timer output forcible raising function and by a
match between the 16-bit counter value and the TAB1CCRO register value.

(3) Output waveform in vicinity of 0% and 100% output
If an interrupt is generated because the value of the 16-bit counter matches the value of the compare register while
dead time is being counted, the dead-time counter is cleared and starts its count operation again.
The output waveform of dead-time control in the vicinity of 0% and 100% output is shown below.
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Figure 10-12. PWM Output Waveform with Dead Time (2)

(a) 0% output (TAB1CCRm register = M + 1, TAB1CCRO register = M, TAB1DTC register = a)
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(b) In vicinity of 0% output (TAB1CCRm register =i >M + 1 — a/2, TAB1CCRO register = M, TAB1DTC register =

a)
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(e.g., output width is 2 + a where TAB1CCRm register = M)

(c) In vicinity of 100% output (TAB1CCRm register = i < a/2, TAB1CCRO register = M, TAB1DTC register = a)

16-bit
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A
TOAB1Tm
pin output
Counter is cleared and counts again
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Positive-phase output width: (M + 1 —i) x 2 — a)
(e.g., output width is 2 — a where TAB1CCRm register = 0001H.)

(d) 100% output (TAB1CCRm register = 0000H, TAB1CCRO register = M, TAB1DTC register = a)
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Coun‘erOOOOH / \ / \ / \

TOAB1m signal
(internal signal)

Dead-time 000H (dead-time counter m does not count)
counter m

TOAB1Tm
pin output

TOAB1Bm
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Remark m=1t03
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(4) Automatic dead-time width narrowing function (TAB1OPT2.TAB1DTM bit = 1)
The dead-time width can be automatically narrowed in the vicinity of 0% output or 100% output by setting the
TAB1OPT2.TAB1DTM bit to 1.
By setting the TAB1DTM bit to 1, the dead-time counter is not cleared, but starts down counting if the TOAB1m
(internal signal) output of timer AB changes during dead-time counting.
The following timing chart shows the operation of the dead-time counter when the TAB1DTM bit is set to 1.

Figure 10-13. Operation of Dead-Time Counter m (1)

(a) In vicinity of 0% output
(TAB1CCRm register =i > M + 1 — a/2, TAB1CCRO register = M, TAB1DTC register = a)

16-bit
counter /\/\/\
0000H
TOAB1m signal —l |__| |——|
(internal signal)
Dead-time A
counter m a9 . _ //\ //\
TOAB1Tm T T~ Dead-time counter m starts counting down
pin output
TOAB1Bm
pin output I_ | I_ |

Negative-phase wave output width: (M + 1 —i) x 4
(e.g., output width is 4 where TAB1CCRm = M)

(b) In vicinity of 100% output (TAB1CCRm register = i < a/2, TAB1CCRO register = M, TAB1DTC register = a)

16-bit
counter / \ / \ / \
0000H
TOAB1m signal
(internal signal) J J J

Dead-time / TR
counter m 000H ." ' /\

TOAB1Tm B A N
pin output |

TOAB{B Dead-time counter m starts counting down
m —
pin output —l | |

Note

Positive-phase wave output width: (M + 1 —i) x 2 — (i x 2)
(e.g., output width is M x 2 — 2 where TAB1CCRm = 0001H)

Note The output width of the first wave differs from that of the second and subsequent waves immediately
after the TAB1CTLO.TAB1CE bit has been set. The first wave is shorter than the second wave because
the dead time is fully counted.

Remark m=1t03
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(5) Dead-time control in case of incorrect setting
Usually, the TOAB1m (internal signal) output of TAB1 changes only once during dead-time counting, only in the
vicinity of 0% and 100% output. This section shows an example where the TAB1CCRO register (carrier cycle) and
TAB1DTC register (dead-time value) are incorrectly set. If these registers are incorrectly set, the TOAB1m (internal
signal) output of TAB1 changes twice or three times during dead-time counting. The following flowchart shows the
6-phase PWM output wave in this case.

Figure 10-14. Operation of Dead-Time Counter m (2)

(a) When TAB1OPT2.TAB1DTM bit = 0, TAB1CCRO register = 0006H, TAB1DTC register = 000FH,
TAB1CCRm register = 0004H

counter //\\ / \/
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(b) When TAB1OPT2.TAB1DTM bit = 1, TAB1CCRO register = 0006H, TAB1DTC register = 000FH,
TAB1CCRm register = 0002H
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Remark m=1to3

10.4.3 Interrupt culling function
¢ The interrupts to be culled are INTTAB1CCO (crest interrupt) and INTTAB10V (valley interrupt).
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e The TAB1OPT1.TAB1ICE bit is used to enable output of the INTTAB1CCO interrupt and the number of times the
interrupt is to be culled.

e The TAB1OPT1.TAB1IOE bit is used to enable output of the INTTAB1QV interrupt and the number of times the
interrupt is to be culled.

e The TAB1OPT1.TAB1ID4 to TAB1OPT1.TAB1IDO bits are used to specify the number of counts by which a specified
interrupt is to be culled. The interrupt is masked for the duration of the specified number of counts and is generated
at the next interrupt timing.

e The TAB1OPT2.TAB1RDE bit is used to specify whether transfer is to be culled or not.

If it is specified that transfer is to be culled, transfer is executed at the same timing as the interrupt output after culling.
If it is specified that transfer is not to be culled, transfer is executed at the transfer timing after the TAB1CCR1 register
has been written.

e The TAB1OPTO0.TAB1CMS bit is used to specify whether the registers with a transfer function are batch rewritten or
anytime rewritten.

The values of the registers are updated in synchronization with transfer when the TAB1CMS bit is 0. When the
TAB1CMS bit is 1, the values of the registers are immediately updated when a new value is written to the registers.
Transfer is performed from the TAB1CCRm register to the CCRm buffer register in synchronization with the interrupt
culling timing.

Cautions 1. When using the interrupt culling function in the batch rewrite mode (transfer mode), execute the
function in the intermittent batch rewrite mode (transfer culling mode).

2. The interrupt is generated at the timing after culling.

Remark m=11t03
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(1) Interrupt culling operation

Figure 10-15. Interrupt Culling Operation When TAB1OPT1.TAB1ICE Bit = 1, TAB1OPT1.TAB1IOE Bit =1,
TAB10OPT2.TAB1RDE Bit = 1 (Crest/Valley Interrupt Output)

16-bit
counter

| TAB1OPT1.TAB1ID4 to TAB1OPT1.TAB1IDO bits = 00000 (not culled)l
INTTAB1CCO signal

/

INTTAB1QV signal

| TAB10OPT1.TAB1ID4 to TAB1OPT1.TAB1IDO bits = 00001 (1 mask)l

INTTAB1CCO signal : : :

INTTAB1QOV signal

|TAB1OPT1 .TAB1ID4 to TAB1OPT1.TAB1IDO bits = 00010 (2 masks) |

INTTAB1CCO signal : :

INTTAB10OV signal : :

|TAB1OPT1 .TAB11D4 to TAB1OPT1.TAB1IDO bits = 00011 (3 masks) |

INTTAB1CCO signal : : :

INTTAB10V signal : :

[ TAB10PT1.TAB1ID4 to TAB1OPT1.TAB1IDO bits = 00100 (4 masks) |
INTTAB1CCO signal L L

INTTAB1QV signal . . .

|TAB1OPT1 .TAB1ID4 to TAB1OPT1.TAB1IDO bits = 00101 (5 masks) |

INTTAB1CCO signal : ' :

INTTAB10V signal : :

| TAB1OPT1.TAB1ID4 to TAB1OPT1.TAB1IDO bits = 00110 (6 masks) |

INTTAB1CCO signal . . .

INTTAB10V signal P P P

Remark | ©: Culled interrupt
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Figure 10-16. Interrupt Culling Operation When TAB1OPT1.TAB1ICE Bit = 1, TAB1OPT1.TAB1IOE Bit = 0,
TAB10PT2.TAB1RDE Bit = 1 (Crest Interrupt Output)

= NNV NV NN

TAB1OPT1.TAB1ID4 to TAB1OPT1.TAB1IDO bits = 00000 (not culled)l

INTTAB1CCO signal
INTTAB10OV signal

ILAB1OPT1 .TAB11D4 to TAB1OPT1.TAB1IDO bits = 00001 (1 mas?)l

INTTAB1CCO signal : . B
INTTAB1QV signal

TAB10OPT1.TAB1ID4 to TAB1OPT1.TAB1IDO bits = 00010 (2 masks) |

INTTAB1CCO signal ; [ B i
INTTAB10V signal

TAB1OPT1.TAB1ID4 to TAB1OPT1.TAB1IDO bits = 00011 (3 masks)

INTTAB1CCO signal : : . e
INTTAB10V signal

TAB10OPT1.TAB1ID4 to TAB1OPT1.TAB1IDO bits = 00100 (4 masks)

INTTAB1CCO signal : : : :
INTTAB10V signal

Remark | " Culled interrupt
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Figure 10-17. Interrupt Culling Operation When TAB1OPT1.TAB1ICE Bit = 0, TAB1OPT1.TAB1IOE Bit = 1,
TAB1OPT2.TAB1RDE Bit = 1 (Valley Interrupt Output)

= NNV N NN

|TAB1OPT1 .TAB1ID4 to TAB1OPT1.TAB1IDO bits = 00000 (not culled)
INTTAB1CCO signal
INTTAB10QV signal ] ] ] ]

|TAB1OPT1 .TAB1ID4 to TAB1OPT1.TAB1IDO bits = 00001 (1 mask)|

INTTAB1CCO signal
INTTAB10QV signal rs 1 P 1 e

|TAB1 OPT1.TAB1ID4 to TAB1OPT1.TAB1IDO bits = 00010 (2 masks)l

INTTAB1CCO signal
INTTAB10QV signal (s 0 Il 01 3

| TAB1OPT1.TAB1ID4 to TAB1OPT1.TAB1IDO bits = 00011 (3 masks) |

INTTAB1CCO signal
INTTAB10QV signal {3 3 01 nl 0

|TAB1 OPT1.TAB1ID4 to TAB1OPT1.TAB1IDO bits = 00100 (4 masks) |

INTTAB1CCO signal
INTTAB10V signal B B B i 1

Remark | ©: Culled interrupt
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(2) To alternately output crest interrupt (INTTAB1CCO0) and valley interrupt (INTTAB10V)
To alternately output the crest and valley interrupts, set both the TAB1OPT1.TAB1ICE and TAB1OPT1.TAB1IOE
bits to 1.

Figure 10-18. Crest/Valley Interrupt Output

(a) TAB1OPTO0.TAB1CMS bit = 0, TAB1OPT2.TAB1RDE bit = 1 (with transfer culling control)

16-bit |
counter ,

INTTAB1CCO
signal 5 M TR L I 5 5

INTTAB1OV '
signal HH HH ﬂ HH HH H HH

TAB1ID4 to TAB1IDO bits 00010 X ! 00100
. ) Transfer
00010 X” 00100

TAB11D4 to TAB11DO bits
(slave bit)

Timing of rewriting transfer
culling count from 2 to 4

Remarks 1. Transfer is performed at the culled interrupt output timing. The other transfer timing is ignored.
-

2. | : Culled interrupt
(b) TAB1CMS bit = 1, TAB1RDE bit = 0 or 1 (without transfer control)

16-bit !
counter

INTTAB1CCO -
signal HH I-I E HH HH I-I HH HH HH
INTTAB1OV
signal % o o i o o [

TAB11D4 to TAB1IDO bits 00010 X 00100

. ) Reflected immediately

TAB1ID4 to TABAIDO bits \F 50700
(slave bit) 00010 X

Timing of rewriting transfer
culling count from 2 to 4

Remarks 1. Reuwriting is reflected immediately. The transfer timing is ignored.
-

2. | : Culled interrupt
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(3) To output only crest interrupt (INTTAB1CCO0)
Set the TAB1OPT1.TAB1ICE bit to 1 and clear the TAB1OPT1.TAB1IOE bit to 0.

Figure 10-19. Crest Interrupt Output

INTTAB1CCO
signal

(a) TAB1OPTO0.TAB1CMS bit = 0, TAB1OPT2.TAB1RDE bit = 1 (with transfer culling control)

16-bit v
counter .

INTTAB1OV
signal

TAB11D4 to TAB1IDO bits

00010

00011

) Transfer

TAB11D4 to TAB11DO bits

00010 X’

00011

(slave bit)

2. | : Culled interrupt

16-bit
counter

INTTAB1CCO
signal

Timing of rewriting transfer
culling count from 2 to 3

Remarks 1. Transfer is performed at the culled interrupt output timing. The other transfer timing is ignored.

(b) TAB1CMS bit = 1, TAB1RDE bit = 0 or 1 (without transfer control)

INTTAB1OV
signal L

TAB11D4 to TAB1IDO bits

00010

00011

. ) Reflected immediately

TAB11D4 to TAB1IDO bits

00010

X 00011

(slave bit)

2. | 1: Culled interrupt

Timing

of rewriting transfer

culling count from 2 to 3

Remarks 1. Rewriting is reflected immediately. The transfer timing is ignored.
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(4) To output only valley interrupt (INTTAB10V)
Clear the TAB1OPT1.TAB1ICE bit to 0 and set the TAB1IOE bit to 1.

Figure 10-20. Valley Interrupt Output

(a) TAB1OPTO0.TAB1CMS bit = 0, TAB1OPT2.TAB1RDE bit = 1 (with transfer culling control)

16-bit :
counter :

INTTAB1CCO ,
signal L ;
INTTAB1OV - - ' - - -

signal " " n " i i ﬂ

TAB11D4 to TAB1IDO bits 00010 X ; 00011
) Transfer
00010 X 00011

Timing of rewriting transfer
culling count from 2 to 3

TAB11D4 to TAB1IDO bits
(slave bit)

Remarks 1. Transfer is performed at the culled interrupt output timing. The other transfer timing is ignored.
-

2. | : Culled interrupt

(b) TAB1CMS bit = 1, TAB1RDE bit = 0 or 1 (without transfer control)

16-bit .
counter :

INTTAB1CCO 1
signal L '
INTTAB1OV - -

signal i e ﬂ I E-: E-: E-: ﬂ

TAB1ID4 to TAB11DO bits 00010 X 00011

: Reflected immediatel
TAB1ID4 to TAB11IDO bits :XI) 00011 Y

(slave bit) 00010

Timing of rewriting transfer
culling count from 2 to 3

Remarks 1. Reuwriting is reflected immediately. The transfer timing is ignored.
2. |1 Culled interrupt
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10.4.4 Operation to rewrite register with transfer function
The following seven registers are provided with a transfer function and are used to control a motor. Each of the
registers has a buffer register.

o TAB1CCRO: Register that specifies the cycle of the 16-bit counter (TAB)

o TAB1CCR1:Register that specifies the duty factor of TOAB1T1 (U) and TOAB1B1 (U)

e TAB1CCR2:Register that specifies the duty factor of TOAB1T2 (V) and TOAB1B2 (V)

e TAB1CCR3:Register that specifies the duty factor of TOAB1T3 (W) and TOAB1B3 (W)

o TAB10OPT1: Register that specifies the culling of interrupts

e TAA4CCRO:Register that specifies the A/D conversion start trigger generation timing (TAA4 during tuning operation)

o TAA4CCR1:Register that specifies the A/D conversion start trigger generation timing (TAA4 during tuning operation)
The following three rewrite modes are provided in the registers with a transfer function.

¢ Anytime rewrite mode
This mode is set by setting the TAB1OPTO.TAB1CMS bit to 1. The specification of the TAB1OPT2.TAB1RDE bit is
ignored.
In this mode, each compare register is updated independently, and the value of the compare register is updated as
soon as a new value is written to it.

e Batch rewrite mode (transfer mode)
This mode is set by clearing the TAB1OPT0.TAB1CMS bit to 0, the TAB1OPT1.TAB1ID4 to TAB1OPT1.TAB1IDO bits
to 00000, and the TAB1OPT2.TAB1RDE bit to 0.
When data is written to the TAB1CCR1 register, data in the seven registers are transferred to the buffer register all at
once at the next transfer timing. Unless the TAB1CCR1 register is rewritten, the transfer operation is not performed
even if the other six registers are rewritten.
The transfer timing is the timing of each crest (match between the 16-bit counter value and TAB1CCRO register value)
and valley (match between the 16-bit counter value and 0001H) regardless of the interrupt.

¢ Intermittent batch rewrite mode (transfer culling mode)
This mode is set by clearing the TAB1OPT0.TAB1CMS bit to 0 and setting the TAB1OPT2.TAB1RDE bit to 1.
When data is written to the TAB1CCR1 register, data from the seven registers is transferred to the buffer register all at
once at the next transfer timing. Unless the TAB1CCR1 register is rewritten, the transfer operation is not performed
even if the other six registers are rewritten.
If interrupt culling is specified by the TAB1OPT1 register, the transfer timing is also culled as the interrupts are culled,
and data from the seven registers is transferred all at once at the culled timing of the crest interrupt (match between
the 16-bit counter value and TAB1CCRO register value) or valley interrupt (match between the 16-bit counter value
and 0001H).
For details of the interrupt culling function, see 10.4.3 Interrupt culling function.
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(1) Anytime rewrite mode

This mode is set by setting the TAB1OPTO.TAB1CMS bit to 1. The setting of the TAB1OPT2.TAB1RDE bit is
ignored.

In this mode, the value written to each register with a transfer function is immediately transferred to an internal
buffer register and compared with the value of the counter. If a register with transfer function is rewritten in this
mode after the count value of the 16-bit counter matches the value of the TAB1CCRm register, the rewritten value
is not reflected because the next match is ignored after the first match has occurred. If the register is rewritten
during counting up, the new register value becomes valid after the counter has started counting down.

Figure 10-21. Timing of Reflecting Rewritten Value

Operating clock
(fxx/2)

TAB1CCRO
register X b Xa

CCRO buffer X a

register

Note

Note After the register (TAB1CCRO, TAB1CCR2, TAB1CCR3, TAB1OPT1, TAA4CCRO, or TAA4CCR1) has
been written, the written value is transferred to an internal buffer register after four clocks of the operating
clock. However, the value of the TAB1CCR1 register is transferred after 5 clocks.

(a) Rewriting TAB1CCRO register
Even if the TAB1CCRO register is rewritten in the anytime rewrite mode, the new value may not be reflected in
some cases.

Figure 10-22. Example of Rewriting TAB1CCRO Register

16-bit
counter

<1> <2> <1> <2>
Rewriting during period <1> (rewriting during counting up)
If the newly rewritten value is greater than the value of the 16-bit counter, there is no problem because it will
match the value of the 16-bit counter. If the new value is less than the value of the 16-bit counter, it will not
match the value of the counter. As a result, the 16-bit counter overflows and continues counting up from

0000H until it matches the register value again, and the correct PWM waveform is not output.

Rewriting during period <2> (rewriting during counting down)
A match with the value of the 16-bit counter is ignored during counting down. Therefore, the rewritten period
value is reflected as the match point starting from counting up in the next cycle.
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(b) Rewriting TAB1CCRm register

Figure 10-24 shows the timing of rewriting before the value of the 16-bit counter matches the value of the
TAB1CCRm register (<1> in Figure 10-23), and Figure 10-25 shows the timing of rewriting after the value of the
16-bit counter matches the value of the TAB1CCRm register (<2> in Figure 10-23).

Figure 10-23. Basic Operation of 16-Bit Counter and TAB1CCRm Register

(a) Basic figure

16-bit
counter

TAB1CCRm X
register

Remarks 1. i= Set value of TAB1CCRm register
2. m=1t03
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Figure 10-24. Example of Rewriting TAB1CCR1 to TAB1CCR3 Registers (Rewriting Before Match Occurs)

(a)
If the TAB1CCRm register is rewritten before its value matches the value of the 16-bit counter, the register value
will match the value of the 16-bit counter after the register has been rewritten. Consequently, the new register
value is immediately reflected.

16-bit
counter
TAB1CCRm
register
CCRm buffer
register
TOAB1Tm
pin output

(b)

If a value less than the value of the 16-bit counter (greater if the counter is counting down) is written to the

TAB1CCRm register, the output waveform is as follows because the register value does not match the counter
value.

16-bit i r r r
counter

TAB1CCRm
register X

CCRm buffer -
register :> ! X r
TOAB1Tm
pin output

If the register value does not match the counter value, the TOAB1Tm pin output does not change. Even if the
value of the 16-bit counter does not match the value of the TAB1CCRm register, the TOAB1Tm pin output
always changes to the high level if the crest interrupt occurs and to the low level if the valley interrupt occurs.
This is a function provided for 0% output and 100% output.

For details, see 10.4.2 (2) PWM output of 0%/100%.

Remarks 1. i, r, k = Set values of TAB1CCRm register
2. m=1t03
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Figure 10-25. Example of Rewriting TAB1CCR1 to TAB1CCR3 Registers (Rewriting After Match Occurs)

16-bit
counter

TAB1CCRm
register

CCRm buffer
register

TOAB1Tm
pin output

INTTAB1CCm
signal <2>

<1> Matching of the count value of the 16-bit counter and the value of the TAB1CCRm register as a result of
rewriting the register is ignored after a match signal has been generated, and the PWM output does not
change.

<2> Even if the PWM output does not change, the interrupt generated upon a match between the 16-bit
counter value and the TAB1CCRm register value (INTTAB1CCm) is output.

<3> The next match between the 16-bit counter and TAB1CCRm register is valid after the counter has changed
its counting direction to up or down, and the PWM output changes.

If the TAB1CCRm register is rewritten after its value matches the value of the 16-bit counter, the next match is
ignored after the first match occurs and the rewritten value is not reflected in the TOAB1Tm pin output. If the
register is rewritten while the counter is counting down, the match that occurs after the counter starts counting
down is valid (the match that occurs after the counter has started counting up is valid if the register is rewritten
while the counter is counting up).

Remarks 1. i, r, k = Set value of TAB1CCRm register
2. m=1t03

(c) Rewriting TAB1OPT1 register
The interrupt culling counter is cleared when the TAB1OPT1 register is written. When the interrupt culling
counter has been cleared, the measured number of times the interrupt has occurred is discarded.
Consequently, the interrupt generation interval is temporarily extended.
To avoid this operation, rewrite the TAB1OPT1 register in the intermittent batch rewrite mode (transfer culling
mode).
For details of rewriting the TAB1OPT1 register, see 10.4.3 Interrupt culling function.
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(2) Batch rewrite mode (transfer mode)
This mode is set by clearing the TAB1OPT0.TAB1CMS bit to 0, the TAB1OPT1.TAB1ID4 to TAB1OPT1.TAB1ID0
bits to 00000, and the TAB1OPT2.TAB1RDE bit to 0.
In this mode, the values written to each compare register are transferred to the internal buffer register all at once at

the transfer timing and compared with the counter value.

(a) Rewriting procedure
If data is written to the TAB1CCR1 register, the values set to the TAB1CCRO to TAB1CCR3, TAB10OPT1,
TAA4CCRO, and TAA4CCR1 registers are transferred all at once to the internal buffer register at the next
transfer timing. Therefore, write to the TAB1CCR1 register last. Writing to the register is prohibited after the
TAB1CCR1 register has been written and before the transfer timing is generated (until the crest (match
between the 16-bit counter value and TAB1CCRO register value) or the valley (match between the 16-bit
counter value and 0001H)). The operation procedure is as follows.

<1>

<2>

<3>

<4>

Rewriting the TAB1CCRO, TAB1CCR2, TAB1CCR3, TAB10OPT1, TAA4CCRO, and TAA4CCRH1 registers
Do not rewrite registers that do not have to be rewritten.
Rewriting the TAB1CCR1 register

Rewrite the same value to the register even when it is not necessary to rewrite the TAB1CCR1 register.

Holding the next rewriting pending until the transfer timing is generated
Rewrite the register next time after the INTTAB10V or INTTAB1CCO interrupt has occurred.
Return to <1>.
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Figure 10-26. Basic Operation in Batch Mode

16-bit counter

Transfer
timing

L

TAB1CCRO
register

CCRO buffer X
register

(TAB1) | — ~— —
//
/

TAB1CCR1
register

I I
<Q1>&<P1>X
I I

CCR1 buffer X

register {

TAB1CCR2

register T

] ] ] \

CCR2 buffer X

\

register f

L | | 1

TAB1CCR3
register

X x

CCRS3 buffer X
register

TAB10OPT1

|
 —

register T

OPT1 buffer

register

INTTAB1QV signal

INTTAB1CCO signal

16-bit counter

Transfer

f
(
|
(TAA%) //‘VAQ\/

timing

TAA4CCRO
register

CCRO buffer X
register

TAA4CCR1
register

CCR1 buffer X

register ‘

[Operation of TAB1]
<Q1> Write the TAB1CCR1 register

[Operation of TAA4]
<P1> Write the TAB1CCR1 register

<Q2> The target timing is the first transfer timing after a write to the TAB1CCR1 register.
<Q3> The values are transferred all at once at the transfer timing.

<P2> The target timing is the first transfer timing after a write to the TAB1CCR1 register.
<P3> The values are transferred all at once at the transfer timing.
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(b) Rewriting TAB1CCRO register

When rewriting the TAB1CCRO register in the batch rewrite mode, the output waveform differs depending on
whether transfer occurs at the crest (match between the 16-bit counter value and TAB1CCRO register value) or
at the valley (match between the 16-bit counter value and 0001H). Usually, it is recommended to rewrite the
TAB1CCRO register while the 16-bit counter is counting down, and transfer the register value at the transfer
timing of the crest timing.

Figure 10-28 shows an example of rewriting the TAB1CCRO register while the 16-bit counter is counting up
(during period <1> in Figure 10-27). Figure 10-29 shows an example of rewriting the TAB1CCRO register while
the counter is counting down (during period <2> in Figure 10-27).

Figure 10-27. Basic Operation of 16-Bit Counter

16-bit
counter
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The transfer timing in Figure 10-28 is at the point where the crest timing occurs. While the 16-bit counter is

counting down, the cycle changes and an asymmetrical triangular wave is output. Because the cycle changes,

rewrite the duty factor (voltage data value).

Figure 10-28. Example of Rewriting TAB1CCRO Register (During Counting Up)

16-bit
counter

Transfer
timing
TAB1CCRO
register
CCRO buffer
register
TAB1CCRH1
register
CCR1 buffer
register

TOAB1T1

pin output
INTTAB1CCO
signal

INTTAB1OV
signal

16-bit
counter

Transfer
timing
TAB1CCRO
register
CCRO buffer
register
TAB1CCR1
register

CCR1 buffer
register

TOAB1T1
pin output
INTTAB1CCO
signal

INTTAB10OV
signal

(@) M>N
-
i N+1 N +1
K k k | k k
//\\// \//
X ™
\ \
z i
I [ 1 | [ 1
x l \\k T T
i
[
(b) M<N
h— N+1 N+ 1
M
i/
/ \k k/
~_—
XM X\ \
1 I
! L1 |
L l N — —T
i

N: Value of CCRO buffer register after rewriting

Remarks 1. If transfer (match between the value of the 16-bit counter and the value of the CCRO buffer
register) occurs in the 6-phase PWM output mode, the value of the TAB1CCRO register plus 1 is
loaded to the 16-bit counter. In this way, the expected wave can be output even if the cycle value
is changed at the transfer timing of the crest (match between the 16-bit counter value and the
TAB1CCRO register value) timing.

2. M: Value of CCRO buffer register before rewriting
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Figure 10-29. Example of Rewriting TAB1CCRO Register (During Counting Down)

M+ 1
counter k

/-

Transfer
timing
TAB1CCRO
register
CCRO buffer ‘ ‘ ‘
register
TAB1CCR1
register
CCR1 buffer
register

TOAB1T1

pin output
INTTAB1CCO
signal

INTTAB1OV
signal

><
<

>
pd

biple
5

Because the next transfer timing is at the point of the valley (match between the 16-bit counter value and
0001H), the cycle value changes from the next cycle and output of a symmetrical triangular wave is
maintained. Because the cycle changes, rewrite the duty value (voltage data value) as required.
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(c) Rewriting TAB1CCRm register

Figure 10-30. Example of Rewriting TAB1CCRm Register

co1u?1-t%i; /'/ \

Transfer
timing

/

I

TAB1CCRm
register

CCRm buff -
ngeglijstg r [ r K

TOAB1Tm

register
INTTAB1CCm

signal
¢ <1> <2>

<1>

<2>

Rewriting during period <1> (rewriting during counting up)

Rewriting during period <2> (rewriting during counting down)

Remark m=1t03

16-bit counter value and 0001H), a symmetrical triangular wave is output.

Because the TAB1CCRm register value is transferred at the transfer timing of the crest (match between the
16-bit counter value and TAB1CCRm register value), an asymmetrical triangular wave is output.

Because the TAB1CCRm register value is transferred at the transfer timing of the valley (match between the

(d) Transferring TAB1OPT1 register value

Do not set the TAB1OPT1.TAB11D4 to TAB1OPT1.TAB1IDO bits to other than 00000. When using the interrupt
culling function, rewrite the TAB1OPT1 register in the intermittent batch rewrite mode (transfer culling mode).
For details of rewriting the TAB1OPT1 register, see 10.4.3 Interrupt culling function.
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(3) Intermittent batch rewrite mode (transfer culling mode)
This mode is set by clearing the TAB1OPT0.TAB1CMS bit to 0 and setting the TAB1OPT2.TAB1RDE bit to 1.
In this mode, the values written to each compare register are transferred to the internal buffer register all at once
after the culled transfer timing and compared with the counter value. The transfer timing is the timing at which an
interrupt is generated (INTTAB1CCO, INTTAB10V) by interrupt culling.
For details of the interrupt culling function, see 10.4.3 Interrupt culling function.

(a) Rewriting procedure
If data is written to the TAB1CCR1 register, the data of the TAB1CCRO to TAB1CCR3, TAB10OPT1, TAA4CCRO,
and TAA4CCR1 registers are transferred all at once to the internal buffer register at the next transfer timing.
Therefore, write to the TAB1CCR1 register last. Writing to the register is prohibited after the TAB1CCR1
register has been written until the transfer timing is generated (until the INTTAB10OV or INTTAB1CCO interrupt
occurs). The operation procedure is as follows.

<1> Reuwrite the TAB1CCRO, TAB1CCR2, TAB1CCRS3, TAB1OPT1, TAA4CCRO, and TAA4CCR1 registers.
Do not rewrite registers that do not have to be rewritten.
<2> Reuwrite the TAB1CCRT1 register.
Rewrite the same value to the register even when it is not necessary to rewrite the TAB1CCR1 register.
<3> Hold the next rewriting pending until the transfer timing is generated.
Perform the next rewrite after the INTTAB10OV or INTTAB1CCO interrupt has occurred.
<4> Returnto <1>.
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Figure 10-31. Basic Operation in Intermittent Batch Rewrite Mode

16-bit counter
(TAB1)

Transfer
timing
TAB1CCRO X
register \ I I I T I I I I
CCRO buffer T
register ‘ ‘ r
TAB1CCR1
registor <Q1 >&‘<P1 > X ‘
CCR1 buffer X Y
register
TAB1CCR2 X
register T \ \ \ T \ \ \ \
CCR2 buffer X t
register f T T
TAB1CCR3 X
register
CCR3 buffer 1
register \X T T \\ T
TAB10OPT1 X \
register \ \ \ — T \ \ \ \
OPT1 buffer \ '
register \

INTTAB10QV signal

| —

<Q4>
[ |

1

) <Q4>
INTTAB1CCO signal [ :

16-bit counter
(TAA4)
Transfer
timing
TAA4CCRO X
register
CCRO buffer X '
register
TAA4CCR1 X
register
CCR1 buffer X \
register ‘ ‘ ‘ ‘

<P4>

[TAB1 operation]

<Q1> Write the TAB1CCR1 register.

<Q2> Rewrite the register at the transfer timing that is generated after the TAB1CCR1 register has been
rewritten.

<Q83> The registers are transferred all at once at the transfer timing.

<Q4> The transfer timing is also culled as the interrupts are culled.

[TAA4 operation]

<P1> Write the TAB1CCR1 register.

<P2> Rewrite the register at the transfer timing that is generated after the TAB1ICCR1 register has been
rewritten.

<P3> The registers are transferred all at once at the transfer timing.

<P4> The transfer timing is also culled as the interrupts are culled.

Remark This is an example of the operation when the TAB1OPT1.TAB1ICE bit = 1, TAB1OPT1.TAB1IOE bit =
1, and TAB1OPT1.TAB1ID4 to TAB1OPT1.TAB1IDO0 bits = 00001.
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(b) Rewriting TAB1CCRO register
When rewriting the TAB1CCRO register in the intermittent batch mode, the output waveform differs depending
on where the occurrence of the crest or valley interrupt is specified by the interrupt culling setting. The
following figure illustrates the change of the output waveform when interrupts are culled.

Figure 10-32. Rewriting TAB1CCRO Register (When Crest Interrupt Is Set)

16-bit /\ ; /‘N 1
counter I : LT * K K

Transfer
timing

TAB1CCRO
N
register X M X
CCRO buffer
register XOOOOH M < N
TAB1CCR1 -
register X : X K

CCR1 buffer -
register XOOOOH : ( X

TOAB1T1
pin output

INTTAB1CCO "
signal :

INTTAB1OV
signal L

The transfer timing is generated when the crest interrupt occurs, the cycle of counting up and counting down
changes, and an asymmetrical triangular wave is output.

Remarks 1. This is an example of the operation when the TAB1OPT1.TAB1ICE bit = 1, TAB1OPT1.TAB1IOE
bit = 0, and TAB1OPT1.TAB1ID4 to TAB1OPT1.TAB1IDO bits = 00001.
-

2. | : Culled interrupt
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Figure 10-33. Rewriting TAB1CCRO Register (When Valley Interrupt Is Set)

— M+ 1 M+ 1
16-bit ; /\ ) ) LT~ ) Nad
counter l I L ~L. *

Transfer
timing

TAB1CCRO
N
register >< M X

CCRO buffer
register >< 0000H M N

TAB1CCR1 -
register >< : X k

CCR1 buffer -
k
register XOOOOH !

TOAB1T1
pin output

INTTAB1CCO
signal L

INTTAB1OV
signal

The transfer timing is generated when the valley interrupt occurs, the cycle of counting up becomes same as
cycle of counting down, and a symmetrical triangular wave is output.

Remarks 1. This is an example of the operation when the TAB1OPT1.TAB1ICE bit = 0, TAB1OPT1.TAB1IOE
bit = 1, and TAB1OPT1.TAB1ID4 to TAB1OPT1.TAB1IDO bits = 00001.
2. |1 Culled interrupt
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(c) Rewriting TAB1CCR1 to TAB1CCRS3 registers

o Transfer at crest when crest interrupt is set

Because the register is transferred at the transfer timing of the crest interrupt, an asymmetrical triangular
wave is output.

Figure 10-34. Rewriting TAB1CCR1 Register (TAB1OPT1.TAB1ICE Bit = 1, TAB1OPT1.TAB1IOE Bit = 0,
TAB1OPT1.TAB11D4 to TAB1OPT1.TAB1IDO Bits = 00001)

counter LT~ 1 \

Transfer
timing

TAB1CCR1 -
register X

CCR1 buffer X -
register >< | k
TOAB1TH
pin output

INTTAB1CCO E
signal

INTTAB1OV
signal

Transfer at
crest interrupt

Remark | " Culled interrupt
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¢ Transfer at valley when valley interrupt is set

Because the register is transferred at the transfer timing of the valley interrupt, a symmetrical triangular wave
is output.

Figure 10-35. Rewriting TAB1CCR1 Register (TAB1OPT1.TAB1ICE Bit = 1, TAB1OPT1.TAB1IOE Bit =1,
TAB10PT1.TAB1ID4 to TAB1OPT1.TAB1IDO Bits = 00001)

Transfer
timing

e XX ‘ X
" egisior XX i X ‘ &
TOAB1T

pin output

INTTAB1CCO 5 3
signal !

INTTAB1OV
signal

Transfer at Transfer at
valley interrupt valley interrupt

Remark | I: Culled interrupt

(d) Rewriting TAB1OPT1 register
Because a new interrupt culling value is transferred when the value of the interrupt culling counter matches the
value of the 16-bit counter, the next interrupt and those that follow occur at the set interval.
For details of rewriting the TAB1OPT1 register, see 10.4.3 Interrupt culling function.
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(4) Rewriting TAB1OPTO0.TAB1CMS bit
The TAB1CMS bit can select the anytime rewrite mode and batch rewrite mode. This bit can be rewritten during
timer operation (when TAB1CTLO.TAB1CE bit = 1). However, the operation and caution illustrated in Figure 10-36
are necessary.
If the TAB1CCRH1 register is written when the TAB1CMS bit is cleared to 0, a transfer request signal (internal signal)

is set.

When the transfer request signal is set, the register is transferred at the next transfer timing, and the transfer

request signal is cleared. This transfer request signal is also cleared when the TAB1CMS bit is set to 1.

Figure 10-36. Rewriting TAB1CMS Bit

16-bit
counter

Transfer
timing
TAB1CCR1
register

CCR1 buffer
register

Write signal of
TAB1CCR1
Transfer
request signal

TAB1CMS bit

~

X

X k ) G

X0000HX

i
|T> <2> m <4>/ ><5> <6>
| L Clear\ / <3> Clear
A
r <1> |

performed at the next transfer timing.

<1> If the TAB1CCR1 register is rewritten when the TAB1CMS bit is 0, the transfer request signal is set.
If the TAB1CMS bit is set to 1 in this status, the transfer request signal is cleared.
<2> The register is not transferred because the TAB1CMS bit is set to 1 and the transfer request signal is
cleared.
<3> The transfer request signal is not set even if the TAB1CCR1 register is written when the TAB1CMS bit is 1.
<4> The transfer request signal is not set even if the TAB1CCR1 register is written when the TAB1CMS bit is 1,
so even if the TAB1CMS bit is cleared to 0, transfer does not occur at the subsequent transfer timing.
<5> The transfer request signal is set if the TAB1CCR1 register is written when the TAB1CMS bit is 0.
Transfer is performed at the subsequent transfer timing and the transfer request signal is cleared.
<6> Once transfer has been performed, the transfer request signal is cleared. Therefore, transfer is not
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10.4.5 TAAA4 tuning operation for A/D conversion start trigger signal output
This section explains the tuning operation of TAA4 and TAB1 in the 6-phase PWM output mode.

In the 6-phase PWM output mode, the tuning operation is performed with TAB1 serving as the master and TAA4 as a

slave. The conversion start trigger signal of the A/D converter can be set as the A/D conversion start trigger source by the
INTTAA4CCO and INTTAA4CC1 signals of TAA4 and the INTTAB10V and INTTAB1CCO signals of TAB1.

(1) Tuning operation starting procedure
The TAA4 and TAB1 registers should be set using the following procedure to perform the tuning operation.

(a) Setting of TAA4 register (stop the operations of TAB1 and TAA4 (by clearing the TAB1CTLO0.TAB1CE bit
and TAA4ACTLO.TAAA4CE bit to 0)).

Set the TAA4CTLI1 register to 85H (set the tuning operation slave mode and free-running timer mode).

Clear the TAA4OPTO register to 00H (select the compare register).

Set an appropriate value to the TAA4CCRO and TAA4CCR1 registers (set the default value for comparison
for starting the operation).

(b) Setting of TAB1 register

Set the TAB1CTL1 register to 07H (master mode and 6-phase PWM output mode).

Set an appropriate value to the TAB1I0CO register (set the output mode of TOAB1T1 to TOAB1T3).

However, clear the TAB1OLO bit to 0 and set the TAB1OEO bit to 1 (enable positive phase output). Unless
this setting is made, the crest interrupt (INTTAB1CCO) and valley interrupt (INTTAB10OV) do not occur.
Consequently, the conversion start trigger signal of the A/D converter is not correctly generated.

Set the TAB110C1 and TAB1I0C2 registers to 00H (the TIAB10 to TIAB13, EVTB1, and TRGB1 pins of TAB1
are not used).

Clear the TAB1OPTO register to 00H (select the compare register).

Set an appropriate value to the TAB1CCRO to TAB1CCR3 registers (set the default value for comparison for
starting the operation).

Set the TAB1CTLO register to OxH (clear the TAB1CE bit to 0 and set the operating clock of TAB1).

The operating clock of TAB1 set by the TAB1CTLO register is also supplied to TAA4, and the count
operation is performed at the same timing. The operating clock of TAA4 set by the TAA4CTLO register is
ignored.

(c) Setting of TAB10OP (TAB1 option) register

Set an appropriate value to the TAB1OPT1 and TAB1OPT2 registers.

Set an appropriate value to the TAB110C3 register (set TOAB1B1 to TOAB1B3 in the output mode).

Set an appropriate value to the TAB1DTC register (set the default value for comparison for starting the
operation).

(d) Setting of alternate function

Set the port to alternate function mode using the port control mode setting.
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(e) Set the TAA4CE bit to 1 and set the TAB1CE bit to 1 immediately after that to start the 6-phase PWM
output operation
Rewriting the TAB1CTLO, TAB1CTL1, TAB1I0C1, TAB110C2, TAA4CTLO, and TAA4CTL1 registers is prohibited
during operation. The operation and the PWM output waveform are not guaranteed if any of these registers is
rewritten during operation. However, rewriting the TAB1CTLO.TAB1CE bit to clear it is permitted. Manipulating
(reading/writing) the other TAB1, TAA4, and TAB1 option registers is prohibited until the TAA4CTLO.TAA4CE bit
is set to 1 and then the TAB1CE bit is set to 1.

(2) Tuning operation clearing procedure
To clear the tuning operation and exit the 6-phase PWM output mode, set the TAA4 and TAB1 registers using the
following procedure.
<1> Clear the TAB1CTL0.TAB1CE bit to 0 and stop the timer operation.
<2> Clear the TAA4ACTLO.TAA4CE bit to 0 so that TAA4 can be separated.
<3> Stop the timer output by using the TAB110CO register.
<4> Clear the TAA4CTL1.TAA4SYE bit to 0 to clear the tuning operation.

Caution Manipulating (reading/writing) the other TAB1, TAA4, and TAB1 option registers is prohibited until
the TAB1CE bit is set to 1 and then the TAA4CE bit is set to 1.

(3) When not tuning TAA4

When the match interrupt signal of TAA4 is not necessary as the conversion trigger source that starts the A/D
converter, TAA4 can be used independently as a separate timer without being tuned. In this case, the match
interrupt signal of TAA4 cannot be used as a trigger source to start A/D conversion in the 6-phase PWM output
mode. Therefore, fix the TAB1OPT2.TAB1ATO to TAB1OPT2.TAB1AT3 bits to 0.

The other control bits can be used in the same manner as when TAA4 is tuned.

If TAA4 is not tuned, the compare registers (TAA4CCRO and TAA4CCR1) of TAA4 are not affected by the setting of
the TAB1OPT0.TAB1CMS and TAB1OPT2.TAB1RDE bit. For the initialization procedure when TAA4 is not tuned,
see (b) to (e) in 10.4.5 (1) Tuning operation starting procedure. (a) is not necessary because it is a step used to
set TAA4 for the tuning operation.

(4) Basic operation of TAA4 during tuning operation
The 16-bit counter of TAA4 only counts up. The 16-bit counter is cleared by the set cycle value of the TAB1CCRO
register and starts counting from 0000H again. The count value of this counter is the same as the value of the 16-
bit counter of TAB1 when it counts up. However, it is not the same when the 16-bit counter of TAA4 counts down.

e When TAB1 counts up (same value)
16-bit counter of TAB1: 0000H — M (counting up)
16-bit counter of TAA4: 0000H — M (counting up)
e When TAB1 counts down (not same value)
16-bit counter of TAB1: M + 1 — 0001H (counting down)
16-bit counter of TAA4: 0000H — M (counting up)
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Figure 10-37. TAA4 During Tuning Operation
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Note The TABTADTO signal is masked by the TAB1OPT2.TAB1ATM2 and TAB1OPT2.TAB1ATMS bits.
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10.4.6 A/D conversion start trigger output function

The V850ES/JE3-E and V850ES/JGS3-E have a function to select four trigger sources (INTTAB10OV, INTTAB1CCO,
INTTAA4CCO, INTTAA4CC1) to generate the A/D conversion start trigger signal (TABTADTO).

The trigger sources are specified by the TAB1OPT2.TAB1ATO to TAB1OPT2.TAB1AT3 bits.

e TAB1ATO bit = 1:
A/D conversion start trigger signal generated when INTTAB1QV (counter underflow) occurs.

e TAB1AT1 bit = 1:
A/D conversion start trigger signal generated when INTTAB1CCO (cycle match) occurs.

e TAB1AT2 bit = 1:
A/D conversion start trigger signal generated when INTTAA4CCO (match of TAA4CCRO register of TAA4 during
tuning operation) occurs.

e TAB1AT3 bit = 1:
A/D conversion start trigger signal generated when INTTAA4CC1 (match of TAA4CCR1 register of TAA4 during
tuning operation) occurs.

The A/D conversion start trigger signals selected by the TAB1ATO to TAB1AT3 bits are ORed and output. Therefore, two
or more trigger sources can be specified at the same time.

The INTTAB10V and INTTAB1CCO signals selected by the TAB1ATO and TAB1AT1 bits are culled interrupt signals.

Therefore, these signals are output after the interrupts have been culled and, unless interrupt output is enabled (by the
TAB1OPT1.TAB1ICE and TAB1OPT1.TAB1IOE bits), the A/D conversion start trigger signal is not output.

The trigger sources (INTTAA4CCO and INTTAA4CC1) from TAA4 have a function to mask the A/D conversion start
trigger signal depending on the count-up/count-down status of the 16-bit counter, if so set by the TAB1AT2 and TAB1AT3
bits.

o TAB1ATM2 bit: Corresponds to the TAB1AT2 bit and controls INTTAA4CCO (match interrupt signal) of TAA4.
e TAB1ATM2 bit = 0: The A/D conversion start trigger signal is output when the 16-bit counter counts up
(TAB1OPTO.TAB1CUF bit = 0), and the A/D conversion start trigger signal is not output when
the 16-bit counter counts down (TAB1OPTO.TAB1CUF bit = 1).
¢ TAB1ATM2 bit=1: The A/D conversion start trigger signal is output when the 16-bit counter counts up
(TAB1OPTO.TAB1CUF bit = 1), and the A/D conversion start trigger signal is not output when
the 16-bit counter counts down (TAB1OPTO0.TAB1CUF bit = 0).

e TAB1ATMBS bit: Corresponds to the TAB1AT3 bit and controls INTTAA4CC1 (match interrupt signal) of TAA4.
e TAB1ATM3 bit = 0: The A/D conversion start trigger signal is output when the 16-bit counter counts up
(TAB1OPTO.TAB1CUF bit = 0), and the A/D conversion start trigger signal is not output when
the 16-bit counter counts down (TAB1OPTO.TAB1CUF bit = 1).
e TAB1ATM3 bit = 1: The A/D conversion start trigger signal is output when the 16-bit counter counts up
(TAB1OPTO.TAB1CUF bit = 1), and the A/D conversion start trigger signal is not output when
the 16-bit counter counts down (TAB1OPTO0.TAB1CUF bit = 0).

The TAB1ATM3, TAB1ATM2, and TAB1AT3 to TAB1ATO bits can be rewritten while the timer is operating. If the bit that
sets the A/D conversion start trigger signal is rewritten while the timer is operating, the new setting is immediately reflected
in the output status of the A/D conversion start trigger signal. These control bits do not have a transfer function and can be
used only in the anytime rewrite mode.
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Cautions 1. The A/D conversion start trigger signal output that is set by the TAB1AT2 and TAB1AT3 bits can be
used only when TAA4 is performing a tuning operation as the slave timer of TAB1. If TAB1 and
TAA4 are not performing a tuning operation, or if a mode other than the 6-phase PWM output
mode is used, the output cannot be guaranteed.
2. The TAB1 signal output is internally used to identify whether the 16-bit counter is counting up or
down. Therefore, enable TOAB10 pin output by clearing the TAB1I0C0.TAB10OLO bit to 0 and
setting the TAB110C0.TAB10EQO bit to 1.
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Figure 10-38. Example of A/D Conversion Start Trigger (TABTADTO) Signal Output
(TAB1OPT1.TAB1ICE Bit = 1, TAB1OPT1.TAB1IOE Bit =1,
TAB10PT1.TAB1ID4 to TAB1OPT1.TAB1IDO0 Bits = 00000: Without Interrupt Culling)

s NN NN NN NN

INTTAB1CCO signal

INTTAB10V signal I I

INTTAA4CCO signal | | I |
INTTAA4CC1 signal ”__ﬂ " " " " " " " " " " " " "

TAB1CUF bit

=

[TAB1AT3 to TAB1ATO bits = 0001 (INTTAB1OV signal output) |

TABTADTO signal ﬂ ﬂ

| TAB1AT3 to TAB1ATO bits = 0010 (INTTAB1CCO signal output) |

TABTADTO signal

| TAB1AT3 to TAB1ATO bits = 0100, TAB1ATM2 bit = 0 (INTTAA4CCO signal output during counting up) |

TABTADTO signal I I N N I I I |

|TAB1AT3 to TAB1ATO bits = 0100, TAB1ATM2 bit = 1 (INTTAA4CCO signal output during counting down) |

TABTADTO signal I N N I I I I

|TAB1AT3 to TAB1ATO bits = 1000, TAB1ATM3 bit = 0 (INTTAA4CC1 signal output during counting up) |

TABTADTO signal " " " " " " " "

[ TAB1AT3 to TAB1ATO bits = 1000, TABIATMS3 bit = 1 (INTTAA4CC1 signal output during counting down) |

TABTADTO signal I I N | I | I |

| TAB1AT3 to TAB1ATO bits = 0011 (setting to output A/D conversion start trigger signal when both crest and valley interrupts occur) |

TABTADTO signal l'l l'l '|

TAB1AT3 to TAB1ATO bits = 1100, TAB1ATM3 bit = 1, TAB1ATM2 bit = 0 (INTTAA4CCO and INTTAA4CCH1 signals ORed for output.
Setting to output A/D conversion start trigger signal when match interrupt of TAA4 occurs when counter is counting up or down)

TABTADTO signal I M_ﬂ M_H M_H M mnin
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Figure 10-39. Example of A/D Conversion Start Trigger (TABTADTO) Signal Output
(TAB1OPT1.TAB1ICE Bit = 0, TAB1OPT1.TAB1IOE Bit = 1,
TAB10PT1.TAB1ID4 to TAB1OPT1.TAB1IDO0 Bits = 00010: With Interrupt Culling) (1)

LN IN N NN N NN

INTTAB1CCO signal L

INTTAB10OV signal H

TAB1AT3 to TAB1ATO bits = 0011 (both INTTAB1CCO and INTTAB10V signals are selected but
crest interrupt (INTTAB1CCO) is not output because interrupt culling is not specified)

TABTADTO signal

Remark | ©: Culled interrupt

Figure 10-40. Example of A/D Conversion Start Trigger (TABTADTO) Signal Output
(TAB1OPT1.TAB1ICE Bit = 0, TAB1OPT1.TAB1IOE Bit =1,
TAB10PT1.TAB1ID4 to TAB1OPT1.TAB1IDO0 Bits = 00010: With Interrupt Culling) (2)

s NN NN NN NN

INTTAB1CCO signal L

INTTAB1OV signal : : : : :
INTAA4CCO signal | | I I | O
INTAA4CC1 signal 1
TAB1CUF bit
TAB1AT3 to TABTATO bits = 0101, TABTATMZ bit = 1
TABTADTO signal I I ML I N Ll

Caution The INTTAB1CCO signal is culled but the INTTAA4CCO signal is not.

Remark | ©: Culled interrupt
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(1) Operation under boundary condition (operation when 16-bit counter matches INTTAA4CCO signal)

Table 10-3. Operation When TAB1CCRO Register = M, TAB1AT2 Bit = 1, TAB1ATM2 Bit = 0
(Counting Up Period Selected)

Value of TAAACCRO Value of 16-Bit Value of 16-Bit Status of 16-Bit TABTADTO Signal Output
Register Counter of TAB1 Counter of TAA4 Counter of TAB1 by INTTAA4CCO Signal

0000H 0000H 0000H - Output

0000H M+ 1 0000H - Not output

0001H 0001H 0001H Count-up Output

0001H M 0001H Count-down Not output

M M M Count-up Output

M 0001H M Count-down Not output
Table 10-4. Operation When TAB1CCRO Register = M, TAB1AT2 Bit = 1, TAB1ATM2 Bit = 1

(Counting Down Period Selected)
Value of TAA4ACCRO Value of 16-Bit Value of 16-Bit Status of 16-Bit TABTADTO Signal Output
Register Counter of TAB1 Counter of TAA4 Counter of TAB1 by INTTAA4CCO Signal

0000H 0000H 0000H - Not output

0000H M+ 1 0000H - Output

0001H 0001H 0001H Count-up Not output

0001H M 0001H Count-down Output

M M M Count-up Not output

M 0001H M Count-down Output

Caution The TAA4ACCRm register enables the setting of “0” to “M” when the TAB1CCRO register = M. Setting a
value of “M + 1” or higher is prohibited.
If a value of “M + 1” or higher is set, the 16-bit counter of TAA4 is cleared by “M”. Therefore, the
TABTADTO signal is not output.
Remark m=0,1
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CHAPTER 11 REAL-TIME COUNTER

11.1 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 (V850ES/JG3-E only)

e Pin output function of 32.768 kHz (V850ES/JG3-E only)

e Pin output function of 512 Hz or 16.384 kHz (V850ES/JG3-E only)

e Watch error correction function

Note 2

e Subclock operation or main clock operation selectable
Notes 1. A BCD (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.
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11.2 Configuration

The real-time counter includes the following hardware.

Table 11-1. 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 11-1. Block Diagram of Real-Time Counter

CLOE1

Minute
alarm

Hour
alarm

J

4

Day-of-week
alarm

|

L!:>—© RTC1HZNote2

INTRTCO: Real-time counter fixed-cycle interrupt signal
INTRTC1: Real-time counter alarm match interrupt signal
INTRTC2: Real-time counter interval interrupt signal

INTRTC1
& [ INTRTCO
[$]
@
Count clock 3
=32.768 kHz 1 minute 1 hour 1 day 1 month |
fergNotet N
L Second Minute Hour Day Day-of week Month Year
8 Sub-counter| L of  counter counter counter counter counter counter counter
‘ 8 (16-bit) (7-bit) (7-bit) (6-bit) (3-bit) (3-bit) (5-bit) (8-bit)
XT 1 T
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
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12-bit counter |72 RINTE
fxr/2" s
e 3 INTRTC2
fx1/2° 3
fxt/28
3 Ko
x7/2%
fxr/28 ] CLOE2
Note2
fua/2 E RTCDIV
3 CLOEO
MRTCCLNotez
Notes1. For detail of fere, refer to 11.3 (17) Prescaler mode register 0 (PRSMO0) and 11.3 (18) Prescaler compare
register 0 (PRSCMO).
2. V850ES/JG3-E only.
Remark fsra: Real-time counter count clock frequency
fxT: Subclock frequency
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11.2.1 Pin configuration
The RTC outputs included in the real-time counter are alternatively used as shown in Table 11-2. The port function must
be set when using each pin (see Table 4-14 Settings When Pins Are Used for Alternate Functions).

Table 11-2. Pin Configuration

Pin Number Port RTC Output Other Alternate Function
JE3E JG3E
- 7 P03 RTC1HZ INTPO/ADTRG
- 6 P04 RTCDIV INTP1/RTCCL
- 6 P04 RTCCL INTP1/RTCDIV

Remark JE3E:V850ES/JE3-E
JG3E: V850ES/JG3-E

11.2.2 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, fx1/2°, ix1/2°, ix1/2"°, fx1/2", or ix1/2"* is generated.
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11.3 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 11.4.8 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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Cautions 1.

RC1CCH | RTCE

After reset: 00H R/W Address: FFFFFADEH

7 6 5 4 3 2 1 0
0  [CLOEt™“CLOE0™* AMPM | CT2 | cm1 | cro |
RTCE Control of operation of each counter
0 Stops counter operation.
1 Enables counter operation.
CLOE {Netq RTC1HZ pin output control
0 Disables RTC1HZ pin output (1 Hz)
1 Enables RTC1HZ pin output (1 Hz)
CLOEQNe* 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/JG3-E only.

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 11.4.8 Initializing real-time counter.

The RTC1HZ output operates as follows when the CLOE1 bit setting is changed.

¢ When changed from 0 to 1: The RTC1HZ output outputs a 1 Hz pulse after two clocks
or less (2 x 32.768 kHz).

e 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).

See 11.4.1 Initial settings and 11.4.2 Rewriting each counter during real-time counter

operation for setting or changing the AMPM bit. Furthermore, re-set the RC1THOUR

register when the AMPM bit is rewritten.

See 11.4.4 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 11.4.5 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/JG3-E only.

Cautions 1. See 11.4.7 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 11.4.7 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 11.4.1 Initial settings, 11.4.2 Rewriting each counter during real-time counter operation, and

11.4.3 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 11.4.1 Initial settings, 11.4.2 Rewriting each counter during real-time counter operation, and

11.4.3 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.

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 11.4.1 Initial settings, 11.4.2 Rewriting each counter during real-time counter operation, and
11.4.3 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 11-3 shows the relationship among the AMPM bit setting value, RC1HOUR register value, and time.

Table 11-3. 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. 11H 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.).
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(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 11.4.1 Initial settings, 11.4.2 Rewriting each counter during real-time counter operation, and
11.4.3 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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(11) 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.
This register can be read or written in 8-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFFAD5H

RCWEEK | 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 11.4.1 Initial settings, 11.4.2 Rewriting each counter during real-time counter operation, and
11.4.3 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 11.4.1 Initial settings, 11.4.2 Rewriting each counter during real-time counter operation, and

11.4.3 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 11.4.1 Initial settings, 11.4.2 Rewriting each counter during real-time counter operation, and

11.4.3 Reading each counter during real-time counter operation when reading or writing the
RC1YEAR register.

After reset: O0H R/W Address: FFFFFAD8H

RCIVEAR | | | | | | | | |

RO1UHO0232EJ0200 Rev.2.00 605
Mar 25, 2014 RENESANAS



VB850ES/JES-E, V850ES/JG3-E CHAPTER 11 REAL-TIME COUNTER

(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 11.4.1 Initial settings.

The RC1SUBU register can be rewritten only when the real-time counter is set to its initial values.

2. See 11.4.9 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

rRoisuBu | 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, O, 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-wee