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Notice

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

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.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou 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.

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

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

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy 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 system
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.

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.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




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 1/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
V850E/IG4-H («PD70F3919, 70F3920, 70F3921) and V850E/IH4-H (4PD70F3922,
70F3923, 70F3924) and design application systems using the V850E/IG4-H and
V850E/IH4-H.

This manual is intended to give users an understanding of the hardware functions of
the V850E/IG4-H and V850E/IH4-H shown in the Organization below.

This manual is divided into two parts: Hardware (this manual) and Architecture
(V850E1 Architecture User’s Manual).

| Hardware ‘ Architecture ‘

Pin functions

CPU function

On-chip peripheral functions
Flash memory programming
Electrical specifications

Data types

Register set

Instruction format and instruction set
Interrupts and exceptions

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 V850E/IG4-H and V850E/IH4-H
— Read this manual according to the CONTENTS.

To find the details of a register where the name is known
— See 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 V850E1 Architecture User’s Manual.

To know the electrical specifications of the V850E/IG4-H and V850E/IH4-H
— See CHAPTER 28 ELECTRICAL SPECIFICATIONS.

The “yyy bit of the xxx register” is described as the “xxx.yyy bit” in this manual. Note
with caution that even 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: Higher digits on the left and lower digits on the right
Active low representation: xxx (overscore over pin or signal name)
Memory map address: Higher addresses on the top and lower addresses on the

bottom
Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information
Numeric representation:  Binary ... XXXX Or XxxxB

Decimal cee XXXX

Hexadecimal . XXxxH

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

Data type: Word ... 32 bits
Halfword ... 16 bits
Byte ... 8 bits
Related Documents The related documents indicated in this publication may include preliminary versions.

However, preliminary versions are not marked as such.

Documents related to V850E/IG4-H and V850E/IH4-H

Document Name Document No.
V850E1 Architecture User’s Manual U14559E
V850E/IG4-H, V850E/IH4-H Hardware User's Manual This manual
Documents related to development tools (user’s manuals)
Document Name Document No.

QB-V850MINI On-Chip Debug Emulator U17638E
QB-MINI2 On-Chip Debug Emulator with Programming Function U18371E
QB-Programmer Programming GUI Operation U18527E
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
TW850 Ver. 2.00 Performance Analysis Tuning Tool U17241E
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

In-Structure U18164E

Task Debugger U17422E
AZ850 Ver. 3.30 System Performance Analyzer U17423E
PG-FP4 Flash Memory Programmer U15260E
PG-FP5 Flash Memory Programmer U18865E

Remark The in-circuit emulator is a product of Midas lab Inc.
For details, contact Midas lab.



Other Documents

Document Name Document No.
RENESAS MICROCOMPUTER GENERAL CATALOG RO1CS0001E
Semiconductor Device Mount Manual Note
Quality Grades on NEC Semiconductor Devices C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic C11892E
Discharge (ESD)

Note See the “Semiconductor Device Mount Manual” website
(http://www.renesas.com/prod/package/manual/index.html).

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

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

EEPROM is a trademark of Renesas Electronics Corporation.

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

SuperFlash is a registered trademark of Silicon Storage Technology, Inc. in several countries including the
United States and Japan.
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CHAPTER 1 Introduction

The V850E/IG4-H and V850E/IH4-H are products of the Renesas Electronics V850 single-chip microcontrollers.
This chapter gives an outline of the V850E/IG4-H and V850E/IH4-H.

1.1 Overview

The V850E/IG4-H and V850E/IH4-H are 32-bit single-chip microcontrollers that use the V850E1 CPU core and
incorporate ROM/RAM and various peripheral functions such as DMA controller, timer/counter, watchdog timer,
serial interfaces, USB function controller, A/D converter, and on-chip debug function.

In addition to high real-time response characteristics and 1-clock-pitch basic instructions, the V850E/IG4-H and
V850E/IH4-H feature instructions such as multiply instructions realized by a hardware multiplier, saturated operation
instructions, and bit manipulation instructions, as optimum instructions for digital servo control applications.
Moreover, as a real-time control system, the V850E/IG4-H and V850E/IH4-H enable an extremely high cost-
performance for applications such as motor inverter control.

Table 1-1 lists the V850E/IG4-H and V850E/IH4-H products.

Table 1-1. V850E/IG4-H, V850E/IH4-H Product List

Function | Package ROM RAM Size | Operating | Maskable Interrupt Non-

Part Number Type Size Fr(el\;]:i?)cy External | Internal l\lllnizl::zte
V850E/IG4-H | xPD70F3919 |100GC Flash |256 KB |24 KB 100 MHz 22 83 1

LPD70F3920 memory | 384 kB

uPD70F3921 480 KB
V850E/IH4-H | xPD70F3922 |128GF 256 KB

uPD70F3923 384 KB

uPD70F3924 480 KB

Remark 100GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
128GF (VB50E/IH4-H):  128-pin plastic LQFP (fine pitch) (14 x 20)
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Table 1-2 shows the differences in functions between the V850E/IG4-H and V850E/IH4-H.

Table 1-2. Differences in Functions Between V850E/IG4-H and V850E/IH4-H

function

Item Separate bus mode V850E/IG4-H V850E/IH4-H
Port function I/0 51 68
Input 12 12
On-chip pull-up resistor 51 68
External bus Separate bus mode None Provided

Timer ABO, timer
AB1

Motor control
function

Input pin TIBOO to TIBO3 TIBOO to TIBO3
TIB10 to TIB13
Output pin TOBO0O0 to TOB03 TOBO0O0 to TOB03
TOB10 TOB10 to TOB13
QOutput pin for 6-phase TOBOB1 to TOB0B3 TOBOB1 to TOB0B3
PWM output mode TOB1B3 TOB1B1 to TOB1B3
TOBOT1 to TOBOT3 TOBOT1 to TOBOT3
TOB1T3 TOB1T1 to TOB1T3

6-phase PWM output
mode

TABO + TMQOPO (+TAAO0)

TABO + TMQOPO (+TAAO0)
TAB1 + TMQOPO (+TAAO)

A/D converter 1

Analog input

3 channels

4 channels

On-chip debug
function

Trace function

None

Provided

Power supply

EVopo to EVob2

EVsso to EVss2, EVssa
Vooo to Vob2

Vsso to Vss2

AVboo to AVop2

AVsso to AVss2

EVopo to EVobs
EVsso to EVss4
Voo to Vob2
Vsso to Vss2
AVboo to AVop2
AVsso to AVss2
FVop

Package

100-pin plastic LQFP (14 x 14)

128-pin plastic LQFP (14 x 20)

R0O1UHO306EJ0300 Rev.3.00
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1.2 Features

O Minimum instruction execution time:
10 ns (at internal 100 MHz operation)

O General-purpose registers: 32 bits x 32

O CPU features: Signed multiplication (16 bits x 16 bits — 32 bits or 32 bits x 32 bits — 64 bits):
1 to 2 clocks
Saturated operation instructions (with overflow/underflow detection function)
32-bit shift instructions: 1 clock
Bit manipulation instructions
Load/store instructions with long/short format
Signed load instructions

O Memory space: 256 MB linear address space (shared by the program and data)

Note

Chip select output function: 3 spaces

Note CS2 does not exist as an external signal in the V850E/IG4-H and
V850E/IH4-H. CS2 is used internally as a chip select signal for the USB
function area in these products.

Memory block division function: 2 MB/block
¢ External bus interface

Bus mode

e V850E/IG4-H: Multiplexed bus mode

¢ V850E/IH4-H: Multiplexed bus mode/separate bus mode

8-/16-bit data bus sizing function

External bus clock frequency (faus) = fcLk/4

Wait function

e Programmable wait function

o External wait function

Idle state function

Address setup wait function

O Internal memory: RAM: 24 KB (See Table 1-1)
Flash memory: 256/384/480 KB (See Table 1-1)

O On-chip debug function: ~ Supports MINICUBE®, MINICUBE2.

O Interrupts/exceptions: Non-maskable interrupts: 1 source (external: none, internal: 1)
Maskable interrupts: 105 sources (external: 22, internal: 83)
Software exceptions: 32 sources
Exception traps: 2 sources

O DMA controller: 7 channels
Transfer unit: 8 bits/16 bits/32 bits

Maximum transfer count: 4096 (2'%)

R0O1UHO306EJ0300 Rev.3.00

Page 22 of 1434
Sep 30, 2011 RENESANS



V850E/IG4-H, V850E/IH4-H CHAPTER 1 Introduction

Transfer type: 2-cycle

Transfer modes: Single/single step

Transfer targets: On-chip peripheral /0 < Internal RAM
Transfer request: On-chip peripheral 1/0/software

Next address setting function

O I/O lines: V850E/IG4-H: Total: 63 (Input ports: 12, I/0 ports: 51)
V850E/IH4-H: Total: 80 (Input ports: 12, I/O ports: 68)

O Timer/counter function: 16-bit interval timer M (TMM): 4 channels
16-bit timer/event counter AA (TAA): 3 channels
16-bit timer/event counter AB (TAB): 2 channels
16-bit timer/event counter T (TMT): 4 channels
Motor control function
Timers used in V850E/IG4-H TAB: 1 channel (TABO), TAA: 1 channel (TAAO)
Timers used in V850E/IH4-H TAB: 2 channels (TABO, TAB1), TAA: 2 channels
(TAAO, TAA1)
16-bit accuracy 6-phase PWM function with deadtime
V850E/IG4-H: 1 channel
V850E/IG4-H: 2 channels
High-impedance output control function
A/D trigger generation by timer tuning operation function
Arbitrary cycle setting function
Arbitrary deadtime setting function
Watchdog timer: 1 channel

O Serial interfaces: Asynchronous serial interface A (UARTA)
Asynchronous serial interface B (UARTB)
Clocked serial interface F (CSIF)
I’C bus interface (I°C)
USB function controller (USBF)

UARTAO/CSIFO: 1 channel
UARTA1/I’C: 1 channel
UARTA2/CSIF1: 1 channel
UARTB/CSIF2: 1 channel
USBF: 1 channel

O A/D converter:

12-bit resolution A/D converters (A/D converters 0 and 1)

V850E/IG4-H: 4 channels + 3 channels (2 units)

V850E/IH4-H: 4 channels + 4 channels (2 units)

The three A/D converter 0 channels and three A/D converter 1 channels are
provided with an operational amplifier for input level amplification and a
comparator for overvoltage detection.

¢ 10-bit resolution A/D converter (A/D converter 2): 12 channels (1 unit)

O Clock generator: 10 to 12.5 MHz resonator connectable (external clock input prohibited)

ROTUHO306EJ0300 Rev.3.00 Page 23 of 1434
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O Power-save function:

O Power-on-clear function

Multiplication function by PLL clock synthesizer (fixed to multiplication by eight, fxx
=80 to 100 MHz)
CPU clock division function (fxx, fxx/2, fxx/4, fxx/8)

HALT/IDLE/STOP mode

O Low-voltage detection function

O Package:

O Operating supply voltage:

1.3 Application Fields

e V850E/IG4-H: 100-pin plastic LQFP (fine pitch) (14 x 14)
e V850E/IH4-H: 128-pin plastic LQFP (fine pitch) (14 x 20)

When A/D converters 0 to 2 are operating

Vppo = Vop1 = Vop2 = 1.35t0 1.65 V

FVob (V850E/IH4-H only) =4.0t0 5.5 V

EVppo = EVpp1 = EVpp2 = EVops (V850E/IH4-H only) = AVbbo = AVbb1 = AVbp2 =
40to55V

When A/D converters 0 to 2 are not operating

Vpopo = Vb1 = Vob2 = 1.35t0 1.65 V

FVop (V850E/IH4-H only) =4.0t0 5.5 V

EVbbo = EVbp1 = EVbpz2 = EVops (V850E/IH4-H only) = AVbpo = AVbb1 = AVbb2 =
35t055V

o Consumer equipment (such as inverter air conditioners, washing machines, driers, refrigerators, etc.)

¢ Industrial equipment (such as motor control, general-purpose inverters, etc.)

1.4 Ordering Information

1.4.1 VB850E/IG4-H

Part Number Package Internal ROM (Flash Memory)
1PD70F3919GC-UEU-AX 100-pin plastic LQFP (fine pitch) (14 x 14) 256 KB
#PD70F3920GC-UEU-AX 384 KB
uPD70F3921GC-UEU-AX 480 KB

Remark The V850E/IG4-H microcontrollers are lead-free products.

1.4.2 VB850E/IH4-H

Part Number Package Internal ROM (Flash Memory)
1uPD70F3922GF-GAT-AX 128-pin plastic LQFP (fine pitch) (14 x 20) 256 KB
#PD70F3923GF-GAT-AX 384 KB
#PD70F3924GF-GAT-AX 480 KB

Remark The V850E/IH4-H microcontrollers are lead-free products.

RO1UHO306EJ0300 Rev.3.00
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1.5 Pin Configuration

1.5.1 V850E/IG4-H
« 100-pin plastic LQFP (fine pitch) (14 x 14)
4PD70F3919GC-UEU-AX
4PD70F3920GC-UEU-AX
4PD70F3921GC-UEU-AX
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PDL4/AD4 O=—+77 49+—=0O P43/INTP13/DMS/TOA11
PDL3/AD3 O=~—+78 48f+—0O P42/SCKF0/DCK/TOA10
PDL2/AD2 O=—>=79 47—0O P41/SOFO0/TXDAO
PDL1/AD1 O=—={80 46~—0O P40/SIFO/RXDA0/DDI/TOA00
PDLO/ADO O~—-+{81 45—0O DDO
P07/TOBO10OFF/INTPO7/CLKOUT O=~—=82 44}+—0O DRST
P06/TOT31/TIT31/INTP06 O=—=183 430 P27/INTP09/WRO/TOA01
P05/TOT30/TIT30/TOT30FF/INTPO5 O=—84 42+~—C0 FLMDO
P04/TOT21/TIT21/INTP04 O=—85 41——-0O EVsso
PO3/TOT20/TIT20/TOT20FF/INTP03 O~—~86 40—0O EVomo
PO2/TENCO1/TITO1/TOTO1/INTPO2 O=—=187 39+—0O RESET
PO1/TENCOO/EVTTO/INTPO1 O=—88 38— Vsso
POO/TECRO/TITOO/TOTOO/INTPOO O~—~89 37——O X2
Vopz O———{90 36~—0O X1
Vssz2 O—91 35—0O Voo
P16/TOB00/TOBOOFF/INTPO8/ADTRGO/INTADTO O=~—=92 34——-=0O UVoo
P15/TOBOB3/TRGB0 O~—+93 33|~—~0O UDPF
P14/TOBOT3/EVTB0 O—~—~194 32O UDMF
P13/TOB0B2/TIBO0 O=~—=95 31— EVsss
P12/TOB0OT2/TIBO3/TOB03 O~—»{96 30+~—=0O P26/TOB10/TOB1OFF/INTP10/ADTRG1/INTADT1
P11/TOBOB1/TIB02/TOB02 O=—={97 29[+—=O P25/TOB1B3/TRGB1
P10/TOBOT1/TIBO1/TOB01 O=~—{98 28|~—0O P24/TOB1T3/EVTB1
EVore 0——99 O 27[——0 AVss:
EVss2 O——100 CrAMTONODO Aoy 26—C0O AVonz
~FAOTDONOOD -~~~ ANNNANAN
88585 8532858388888 2
ZZZzZ2Z2i>>2822Z222zzzzzzzzzz32
I IS I<I<I<I<II<I<I<ZZ
S5§° T = IESSrysvpormos<
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CHAPTER 1 Introduction

Pin Identification

ADO to AD15:
ADTRGO, ADTRGH1:
ANIOO0 to ANIO7,
ANI10 to ANI12,
ANI15 to ANI17,
ANI20 to ANI211:
ASTB:

AVppo to AVbpz:
AVREFPo, AVREFP1:
AVsso to AVss2:
CLKOUT

CS0, CS1

DCK:

DDI:

DDO:

DMS:

DRST:

EVbpo to EVop2:
EVsso to EVss2, EVssa:
EVTBO, EVTB1,
EVTTO, EVTT1:
FLMDO, FLMD1:
INTADTO, INTADT1,
INTPOO to INTP19:

Address/data bus
A/D trigger input

Analog input

Address strobe
Analog power supply
Analog reference voltage
Analog ground

Clock output

Chip select

Debug clock

Debug data input
Debug data output
Debug mode select
Debug reset

Power supply for ports
Ground for ports

Timer event count input
Flash programming mode

External interrupt input

SIFO to SIF2:
SOFO0 to SOF2:
TECRO, TECR1:
TENCO00, TENCO1,
TENC10, TENC11:
TIA20, TIA21,
TIBOO to TIBO3,
TITOO, TITOT1,
TIT10, TIT11,
TIT20, TIT21,
TIT30, TITI31:
TOAOQ0, TOAO1,
TOA10, TOA11,
TOA20, TOA21,
TOBO0O0 to TOBO3,
TOBOB1 to TOBOB3,
TOBOT1 to TOBOTS3,
TOB10, TOB1B3,
TOB1TS,

TOTO00, TOTO1,
TOT10, TOT11,
TOT20, TOT21,
TOT30, TOT31:
TOBO10FF,

Serial input
Serial output
Timer encoder clear input

Timer encoder input

Timer trigger input

Timer output

P00 to PO7: Port 0 TOBOOFF, TOB10FF,
P10 to P16: Port 1 TOT20FF, TOT3OFF:  Timer output off
P24 to P27: Port 2 TRGBO, TRGB1: Timer trigger input
P30 to P37: Port 3 TXDAO to TXDA2,
P40 to P44: Port 4 TXDB: Transmit data
P50 to P52: Port 5 UCLK: USB clock
P70 to P711: Port 7 UDMF: USB data I/O (-) Function
PDLO to PDL15: Port DL UDPF: USB data I/O (+) Function
RD: Read strobe UVob Power supply for USB
RESET: Reset Vboo to Vobz: Power supply
RXDAO to RXDA2, Vsso to Vssz: Ground
RXDB: Receive data WAIT: Wait
SCKFO to SCKF2: Serial clock WRO, WR1 Write strobe
SCL: Serial clock X1, X2: Clock oscillator pins
SDA: Serial data
gggggf)ggffJOSOO Rev.3.00 :{EN ESNS Page 26 of 1434
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1.5.2 VB850E/IH4-H
o 128-pin plastic LQFP (fine pitch) (14 x 20)
H#PD70F3922GF-GAT-AX
H#PD70F3923GF-GAT-AX
H#PD70F3924GF-GAT-AX
Top view
g8 B
T 234
55 % § 338532
g2 RPLHEE
8< Bg 8385353
2333883352 24528322839
g2ggscsess SSU2SBYOSSE
S S L EEPE PR EE L EEEE
53852822 35775255592 9593221
LT
s B EEEEFEEEEEEEEREEEEEEEEEEET R,

PDL4/AD4 O=—»

PDL3/AD3 O~—

PDL2/AD2 O=—w

PDL1/AD1 O=—~

PDLO/ADQ O~—

EVops O——

EVsss O——

P56 O=—

P55 O=—q

P97/A7 O~—

P96/A6 O=+—

P95/A5 O~—

P94/A4 O—

P93/A3 O~—

P92/A2 O~—

P91/A1 O=—

P90/A0 O~—
P07/TOB0O10OFF/INTPO7/CLKOUT O=—
PO6/TOT31/TIT31/INTP06 O=—=
PO5/TOT30/TIT30/TOT30FF/INTP05 O=—n
P04/TOT21/TIT21/INTP04 O=—n
PO3/TOT20/TIT20/TOT20FF/INTP0O3 O~—+
PO2/TENCO1/TITO1/TOTO1/INTPO2 O=~—
PO1/TENCOO/EVTTO/INTPO1 O~—r]
POO/TECRO/TITO0/TOTO0/INTPO0 O=—=
Vopz O——

Vsse O——|

P17 O=—
P16/TOB00/TOBOOFF/INTPO8/ADTRGO/INTADTO O
P15/TOBOB3/TRGB0 O=—=
P14/TOBOT3/EVTBO O=—+
P13/TOBOB2/TIB00 O=—~
P12/TOBOT2/TIBO3/TOB03 O~—~
P11/TOBOB1/TIB02/TOB02 O~—
P10/TOBOT1/TIBO1/TOBO1 O=—

23
24
25

©)

68|
67

[=—=0 P53/UCLK

O P44/INTP14/RD
|~——=0 P43/INTP13/DMS/TOA11
O P42/SCKFO/DCK/TOA10
O P41/SOFO/TXDAO

O TRCCLK
O TRCDATA3
[—O TRCDATA2
O TRCDATA1
[——=O TRCDATAO
O TRCEND
ODDO
[~——ODRST
~——=0 P27/INTP09/WR0/TOA01
~——-0 FLMDO
O EVsso
—OIC
—O EVono
~——O RESET
0O Vsso
——OX2
[~——0O X1
—=0 Voo
—O UV

O UDPF

O UDMF
——OEVsss

O P25/TOB1B3/TRGB1
|~——=0O P24/TOB1T3/EVTB1
O P23/TOB1B2/TIB10

EVope O———37 66——0 AVss2
EVsse O——38 65———0O AVop2
WBEBEBBBABABABRDOQOONNANNNNNDRDDND D
COZNWBERIONPROOINRAITOIIDOO SN OA
>2>2>22>222>>222>22>2>2>TUVUTUVUTVTTVTUVUUTUTTUTTUTTUTUT
ZZZZ<<<K<SKZZZZ NN NN NNNNNSNS
S0oco8AgBRESIISTILINLEIIIRO T3
828838232 O S2oESE33232323
ssx° ¥ “3S8zzzzzzzzzz3
zzz ZzZzZONORNRNPONORNNONNES
555 £EZZo0-SNwERONDOONN
SS o === DR
[N No o o

~—=0 P40/SIFO/RXDA0/DDI/TOA00

O P26/TOB10/TOB10OFF/INTP10/ADTRG1/INTADT1

[~—=O P22/TOB1T2/TIB13/TOB13
O P21/TOB1B1/TIB12/TOB12
O P20/TOB1T1/TIB11/TOB11
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CHAPTER 1 Introduction

Pin Identification

AO to A7:
ADO to AD15

ADTRGO, ADTRG1:

ANIOO to ANI07,
ANI10 to ANI17
ANI20 to ANI211:
ASTB:

AVppo to AVbpz:
AVREFPo, AVREFP1:
AVsso to AVssz:
CLKOUT:

CS0, CSH:

DCK:

DDI:

DDO:

DMS:

DRST:

EVbpo to EVops:
EVsso to EVssa:
EVTBO, EVTB1,
EVTTO, EVTT1:
FLMDO, FLMD1:
FVop

IC

INTADTO, INTADTT,
INTPOO to INTP19:

Address bus
Address/data bus
A/D trigger input

Analog input

Address strobe
Analog power supply
Analog reference voltage
Analog ground

Clock output

Chip select

Debug clock

Debug data Input
Debug data output
Debug mode select
Debug reset

Power supply for ports
Ground for ports

Timer event count input

Flash programming mode
Power supply for flash memory
Internally connected

External interrupt input

SOFO0 to SOF2:
TECRO, TECR1:
TENCO00, TENCO1,
TENC10, TENC11:
TIA20, TIA21,
TIBOO to TIBO3,
TIB10 to TIB13,
TITOO, TITO1,
TIT10, TIT11,
TIT20, TIT21,
TIT30, TITI31:
TOAO00, TOAO1,
TOA10, TOA1A,
TOA20, TOA21,
TOBO0O0 to TOB03,

TOBOB1 to TOBOB3,
TOBOT1 to TOBOTS3,

TOB10 to TOB13,

TOB1B1 to TOB1B3,
TOB1T1 to TOB1T3,

TOTO0, TOTO1,
TOT10, TOT11,
TOT20, TOT21,
TOT30, TOT31:
TOBO10FF,

TOBOOFF, TOB10OFF,

Serial output
Timer encoder clear input

Timer encoder input

Timer trigger input

Timer output

P00 to PO7: Port 0 TOT20FF, TOT3OFF:  Timer output off

P10 to P17: Port 1 TRCCLK Trace clock

P20 to P27: Port 2 TRCDATAO to

P30 to P37: Port 3 TRCDATAGS: Trace data output

P40 to P44: Port 4 TRCEND: Trace end status output
P50 to P56: Port 5 TRGBO, TRGB1: Timer trigger input

P70 to P711: Port 7 TXDAO to TXDA2,

P90 to P97 Port 9 TXDB: Transmit data

PDLO to PDL15: Port DL UCLK: USB clock

RD Read strobe UDMF: USB data I/O (-) function

RESET: Reset UDPF: USB data I/O (+) function
RXDAO to RXDA2, UVbD Power supply for USB
RXDB: Receive data Vbpo to Vobz: Power supply

SCKFO to SCKF2: Serial clock Vsso to Vssz: Ground

SCL: Serial clock WAIT: Wait

SDA: Serial data WRO0, WR1 Write strobe

SIFO to SIF2: Serial input X1, X2: Clock oscillator pins
22;%!;’()3816?0300 Rev.3.00 :{EN ESNS Page 28 of 1434
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CHAPTER 1

Introduction

1.6 Function Blocks

1.6.1

(1) V850E/IG4-H

Internal block diagrams

CPU MEMC
INTPOO to INTP19T——>  INTC A vy
&N
N+
Instruction k=> ADO to AD15
™ el queue I—> Cso, csi
| AsTB
N+ il
x 4 channels BD
<:> "> WR0, WR1
l~— WAIT
TIA20, TIA21 —>]
TAA
x 3 channels i
TOAOD, TOAO1, TOA10, TOAT1, ~—— — Uvoo
TOA20, TOA21 (N ussr [ UOKK
TIBOO to TIBO3, o Ipup [~— UDMF
EVTBO, EVTB1, TRGBO, TRGB1, T——>| register |+~ UDPF
TOBO10FF, TOBOOFF, TOB1OFF TAB | (32bis x32)
TOBOO to TOBO3, x 2 channels |\ V]
TOBOT{ to TOBOT3, TOB1T3,
TOBOB1 to TOBOB3, TOB1B1 to TOB1B3 T 5 4L N
TECRO, TECR1,TENC00, TENCO1, TENC10,TENCTH, DMAC
EVTTO, EVTT1, TOT20FF, TOT30FF >
TIT0O,TITO1,TIT10,TIT41, TIT20, TIT21, TIT30, TIT31 ™T - @ 1£
TOT00, TOTO1, TOT10, TOT14, x 4 channels <
TOT20, TOT21, TOT30, TOT31 ] @ @
-] wbot Ports cG | . cLKouT
-
TXDAO/SOF0 <—] § g § § E g z g F——x2
RXDAO/SIFO —— | UARTAO/CSIFO @ ssgsgetll
SCKFO geggoegis WRESET
I ]
[a)
o
TXDAVISDA < N G e
RXDA1/SCL <—>{ UARTAIIEC ()
K PociLVI EVoor
~—— FLMDO
TXDA2/SOF1 <—] ~—— FLMD1
RXDA2/SIF1 C—— > UARTA2/CSIF1 - ——— EVomo
SCKFT ~—»]  Eves
— EVsst
TXDB/SOF2 <] ——— EVone
RXDB/SIF2 | UARTBICSIF2 () —— EVss
SCKF2 =— — EVsss
— Voo
ANIOO/ANIOS to ANIOZ/ANIO7, ANI03 ") [[Gemtoamiiona Vsso
ADTRGO, INTADTO ——{ | comparator 3 | [ 1 — Voor
AVopo K~/ — Vsst
AVREeFPo ADCO —— Vo2
AVsso Vsse
ANI10/ANI15 to ANI12/ANI17 )]
ADTRG1, |NTAA\5)[;|;1 —=1 | Comparator x 3 @
AVREFP1 ADCA
AVsst
On-chip [<-——DCK, DMS, DRST, DDI
AVbD2
AVss2 ADGC2 @ <:‘> de:ll:g L oo
ANI20 to ANI211 un
A

Note PD70F3919: 256 KB (flash memory)
HuPD70F3920: 384 KB (flash memory)
uPD70F3921: 480 KB (flash memory)
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(2) V850E/IH4-H
CPU MEMC
INTPOO to INTP19C—>] INTC o vy
N
N | ROM [—> A0-A7
Instruction k=> AD0-AD15
queue [—> Cso, CS1
TMM |— ASTB
N1 AS]
x 4 channels RD
— —> WR0, WR1
l~— WAIT
TIA20, TIA21 —>]
TAA b
X 3 channels d RAM
TOAD, TOAO1, TOATO, TOAT1, <] — UVoo
TOA20, TOA21 s ke (N user [+ UCLK
TIBOO to TIBO3, TIB10 to TIB13, M Ipurp *— UDMF
EVTBO, EVTB1, TRGBO, TRGB1, —— ] register |~ UDPF
TOBO10FF, TOBOOFF, TOB10FF TAB [ (32bis x32)
TOBOO to TOB03, TOB10 to TOB13, x 2 channels [\|
TOBOT1 to TOBOT3, TOBAT to TOB1T3, <]
TOBOB1 to TOBOB3, TOB1B1 to TOB1B3 T E
TECRO, TECR1,TENCO0, TENCO1, TENC10,TENC11, <5|j> DMAC
EVTTO, EVTT1, TOT20FF, TOT30FF >
TIT00,TITO1,TIT10,TIT41, TIT20, TIT21, TIT30, TIT31 ™y @ U
TOTOO, TOTO1, TOT10, TOT11, - f 4 channels S
TOT20, TOT21, TOT30, TOT31 @ @
woT I Ports | CG  |—cLkouT
gLYVLLILY —x1
TXDAO/SOF0 <—] 'é E 5 § ;LF § = § g F—x2
RXDAO/SIFO C—— > UARTAO/CSIFO @ 22222 ol
SCKFQ ~—=] 82289853 ¢e mﬁ
$25888282 =
[=)
TXDA1/SDA <> Lo = o T
RXDA1/SCL <—> UARTATIEC. ()
& Iy
~—— FLMDO
TXDA2/SOF1 <—] ~—— FLMD1
RXDAZ/SIF1 ——>|UARTA2/CSIF1 () EVono
SCKF1 =—  Evew
— EVooi
TXDB/SOF2 <—] EVssi
RXDB/SIF2 > UARTBICSIF2 () EVooe
SCKF2 —~—=] — EVss2
— EVoos
ANIOO/ANIOS to ANIO2/ANIO7, ANI0S " [omamiin 13 EVsss
ADTRGO, INTADTO —— =] | comparator 3| | 1] —— EVsss
AVbbo K+ — Vooo
AVReFPo ADCO Vsso
AVsso Vi
DD1
— Vss1
ANI10/ANI15 to ANI12/ANI17, ANI13 T [[operionaanpifers Vooz
ADTRG, INTADTY ——~| | comparatorx3 | || Ves2
AVbp1 —— -
AVRerP1 —— ADC1
AVsst ——
AV o On-chip [<——1DCK, DMS, DRST, DDI
pp2 debug DDO,
_ ZaN .
ANIZO 1o Asl\;sf — ADC2 () unit > TRCCLK, TRCEND,
LA TRCDATAO to TRCDATA3

Note #PD70F3922: 256 KB (flash memory)
uPD70F3923: 384 KB (flash memory)
HuPD70F3924: 480 KB (flash memory)

RO1UHO306EJ0300 Rev.3.00
Sep 30, 2011

RENESAS

Page 30 of 1434




V850E/IG4-H, V850E/IH4-H CHAPTER 1 Introduction

1.6.2

M

)

(©)

4

®)

(6)

@)

Internal units

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 (32 bits x 32 bits — 64 bits) and a barrel shifter (32
bits), help accelerate complex processing.

Bus control unit (BCU)

The bus control unit (BCU) starts the required external bus cycles in accordance with the physical address
obtained by the CPU. If the CPU does not request the start of a bus cycle when an instruction is fetched
from the external memory area, the BCU generates a prefetch address and prefetches an instruction code.
The prefetched instruction code is loaded to the CPU's internal instruction queue.

The BCU controls a memory controller (MEMC) via which it accesses the external memory.

(a) Memory controller (MEMC)
The memory controller (MEMC) is used to access the SRAM, external ROM, and external I/O.

(b) DMA controller (DMAC)
This controller controls data transfer between on-chip peripheral 1/0O and internal RAM in place of the
CPU.
The transfer type is two-cycle transfer, and the transfer mode can be selected from single transfer and
single-step transfer.

ROM

This is a 480 KB, 384 KB, or 256 KB flash memory that is mapped to addresses 0000000H to 0077FFFH,
0000000H to 005FFFFH, or 0000000H to 003FFFFH, respectively.

During instruction fetch, the ROM can be accessed from the CPU in 1-clock cycles.

RAM
This is a 24 KB RAM that is mapped to addresses FFF9000H to FFFEFFFH.
During instruction fetch or data access, data can be accessed from the CPU in 1-clock cycles.

Interrupt controller (INTC)

This controller handles hardware interrupt requests (INTPOO to INTP19, INTADTO, INTADT1) from on-chip
peripheral hardware and external hardware. Eight levels of interrupt priorities can be specified for these
interrupt requests, and multiple-interrupt servicing control can be performed.

Clock generator (CG)

The clock generator includes two basic operation modes: PLL mode (fixed to multiplication by eight) and
clock-through mode. It generates four types of clocks (fxx, fxx/2, fxx/4, fxx/8), and supplies one of them as
the operating clock for the CPU (fcpu).

Timer/counter

The V850E/IG4-H and V850E/IH4-H incorporate four 16-bit interval timer M (TMM) channels, three 16-bit
timer/event counter AA (TAA) channels, two 16-bit timer/event counter AB (TAB) channels, and four 16-bit
timer/event counter T (TMT) channels, and can measure pulse interval widths or frequency, enable an
inverter function for motor control, and output a programmable pulse.

RO1UHO306EJ0300 Rev.3.00
Sep 30, 2011 RENESANAS
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(8)

©)

Watchdog timer (WDT)

A watchdog timer is equipped to detect infinite loops, system abnormalities, etc.

It generates a non-maskable interrupt request signal (INTWDT) or internal reset signal (WDTRES) after an
overflow occurs.

Serial interfaces

The V850E/IG4-H and V850E/IH4-H incorporate eight serial interface channels: for three asynchronous
serial interface A (UARTA) channels, one asynchronous serial interface B (UARTB) channel, three clocked
serial interface F (CSIF) channels, and one I’C bus interface (I°C) channel. Of these, UARTAO and CSIFO,
UARTAT1 and I’C, UARTA2 and CSIF1, and UARTB and CSIF2 share pins.

For UARTA, data is transferred via the TXDAn and RXDAn pins (n = 0 to 2).

For UARTB, data is transferred via the TXDB and RXDB pins.

For CSIF, data is transferred via the SOFn, SIFn, and SCKFn pins (n = 0 to 2).

For I°C, data is transferred via the SCL and SDA pins.

USBF transfers data via the UDMF and UDPF pins.

(10) A/D converters (ADC)

Two high-speed, high-resolution 12-bit A/D converters (ADCO, ADC1), which have 4 and 3 channels
(V850E/IG4-H) or 4 and 4 channels (V850E/IH4-H) of analog input pins, and one 10-bit A/D converter
(ADC2), which has 12 analog input pins, are provided.

ADCO and ADC1 include three operational amplifiers and three comparators so that these A/D converters
can amplify an analog input voltage and detect overvoltage input.

(11) On-chip debug function

An on-chip debug function supporting MINICUBE and MINICUBE2 can be used, so that a simple,
inexpensive debug environment can be organized.

(12) Ports

As shown below, the following ports have general-purpose port functions and control pin functions.

Port I/0 Alternate Function
Port 0 8-bit I/0 Timer/counter 1/O, external interrupt input, external bus interface control signal
output

Port 1 7-bit 1/0 (VB50E/1G4-H) Timer/counter 1/O, external trigger input of A/D converter 0, external interrupt input
8-bit 1/0 (V850E/IH4-H)

Port 2 4-bit I/O (VB50E/IG4-H) | Timer/counter I/O, external trigger input of A/D converter 1, external interrupt input,
8-bit 1/0 (V850E/IH4-H) external bus interface control signal output

Port 3 8-bit 110 Serial interface 1/0, external interrupt input, external bus interface control signal I/O.

Port 4 5-bit I/O Serial interface I/0, timer/counter output, debug input, external interrupt input,

external bus interface control signal output

Port 5 3-bit /0 (V850E/1G4-H) Timer/counter I/O, external interrupt input, serial interface input

7-bit /O (V850E/IH4-H)

Port 7 12-bit input A/D converter 2 input

Port 9" 8-bit 1/0 (V850E/IH4-H) External bus interface control signal output

Port DL 16-bit I/O Timer/counter 1/O, external interrupt input, flash memory programming mode input

signal, external bus interface control signal I/0O

Note V850E/IH4-H only

ROTUHO306EJ0300 Rev.3.00 Page 32 of 1434
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The functions of the pins in the V850E/IG4-H and V850E/IH4-H are listed below. These pins can be divided into

CHAPTER 2 PIN FUNCTIONS

port functions and non-port functions according to their function.

2.1 List of Pin Functions

There are three power supplies for the I/O buffer of a pin: AVbbz, EVbpo, EVpp1, EVbb2, EVbp3 (V850E/IH4-H

only), and UVop. The relationship between each power supply and the pins is shown below.

Table 2-1. 1/0 Buffer Power Supplies for Each Pin

(a) V850E/IG4-H

Power Supply

Corresponding Pins

AVop2

P70 to P711

EVooo, EVop1, EVop2

P00 to P07, P10 to P16, P24 to P27, P30 to P37, P40 to P44, P50 to P52, PDLO to
PDL15, RESET, DCK, DDI, DDO, DMS, DRST

UVop UDMF, UDPF
(b) V850E/IH4-H
Power Supply Corresponding Pins
AVop2 P70 to P711
EVooo, EVop1, EVop, | POO to P07, P10 to P17, P20 to P27, P30 to P37, P40 to P44, P50 to P56, P90 to P97,
EVoos PDLO to PDL15, RESET, DCK, DDI, DDO, DMS, DRST, TRCCLK, TRCDATAO to
TRCDATAS, TRCEND
UVop UDMF, UDPF

RO1UHO306EJ0300 Rev.3.00
Sep 30, 2011
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(1) Port functions

(1/4)
Function Pin No. I/0 Function Alternate Function
Name | 1G4-H|IH4-H
GC | GF
P00 89 26 (/O Port 0 (See 4.3.1.) TECRO/TITOO0/TOTO0/INTPOO
PO1 88 | 25 8-bit I/0 port TENCOO/EVTTO/INTPO1
P02 87 24 Input data read/output data write is enabled in 1- TENCO1/TITO1/TOTO1/INTPO2
bit units.
P03 86 23 TOT20/TIT20/TOT20FF/INTPO3
An on-chip pull-up resistor can be specified in 1-
P04 85 22 bit units (the on-chip pull-up resistor can be TOT21/TIT21/INTP04
P05 84 21 connected when the pins are in the port mode | TOT30/TIT30/TOT30FF/INTP05
P06 83 20 and input mode, and when the pins function as | ToT31/TIT31/INTPO6
PO7 a0 19 input pins of the alternate function, and when TOBO10FEANTPO7/CLKOUT
TOT21 and TOT31 pins go into a high-
impedance state).
P10 98 36 |I/O Port 1 (See 4.3.2.) TOBOT1/TIB01/TOBO1
P11 97 | 35 VB50E/IG4-H: 7-bit I/O port TOBOB1/TIB02/TOB02
P12 96 | 34 V850E/IH4-H: 8-bit I/O port TOBOT2/TIBO3/TOB03
P13 95 33 Input data read/output data write is enabled in 1- TOBOB2/TIBOO
bit units.
P14 94 32 ) . L TOBOT3/EVTBO
An on-chip pull-up resistor can be specified in 1-
P15 93 31 bit units (the on-chip pull-up resistor can be TOBOB3/TRGBO
P16 92 | 30 connected when the pins are in the port mode | TOB00/TOBOOFF/INTP08/ADTRGO/
and input mode, and when the pins function as | INTADTO
P17 _ 29 input pins of the alternate function, and when B
TOBOB1 to TOBOB3 and TOBOT1 to TOBOT3
pins (output pins of the alternate function) go
into a high-impedance state).
p20"* - 67 |1/O Port 2 (See 4.3.3.) TOB1T1"/TIB11"*"*/TOB11""
P21t - | 68 V850E/1G4-H: 4-bit I/0 port TOB1B1"*/TIB12""/TOB12""
P22t - | 69 V850E/IH4-H: 8-bit I/O port TOB1T2%*/TIB13"*/TOB13""
poghete B 70 Input data read/output data write is enabled in 1- TOB1B2"*/TIB10""
bit units.
P24 28 71 ) ) e TOB1T3/EVTB1
An on-chip pull-up resistor can be specified in 1-
P25 29 72 bit units (the on-chip pull-up resistor can be TOB1B3/TRGB1
P26 30 | 73 connected when the pins are in the port mode | TOB10/TOB10FF/INTP10/ADTRG1/
and input mode, and when the pins function as | INTADT1
po7 43 87 input pins of the alternate function, and when INTPO9/WRO/TOAO1
TOB1B1 (V850E/IH4-H only), TOB1B2
(VB50E/IH4-H only), TOB1B3, TOB1T1
(V850E/IH4-H only), TOB1T2 (V850E/IH4-H
only), and TOB1T3 pins (output pins of the
alternate function) go into a high-impedance
state).

Note V850E/IH4-H only

Remark

IG4-H: V850E/1G4-H

IH4-H: V850E/IH4-H
GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)
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V850E/IG4-H, V850E/IH4-H

CHAPTER 2 PIN FUNCTIONS

(2/4)
Function Pin No. I/0 Function Alternate Function
Name | G4-H|IH4-H
GC | GF
P30 54 | 106 (/O Port 3 (See 4.3.4.) RXDA1/SCL/WR1
P31 55 | 107 8-bit I/0 port TXDA1/SDA/WAIT
P32 56 108 Input data read/output data write is enabled in SIF1/RXDA2/CS1
1-bit units.
P33 57 | 109 SOF1/TXDA2
An on-chip pull-up resistor can be specified in 1-
P34 58 110 bit units (the on-chip pull-up resistor can be SCKF1/INTP11/CS0
P35 59 | 111 connected when the pins are in the port mode SIF2/RXDB
P36 60 112 and input mode, and when the pins function as SOF2/TXDB
P37 o1 113 input pins of the alternate function (including the SCKE3/INTP12/ASTE
SCKF1 and SCKF2 pins in the slave mode)).
If the SCL or SDA pin is selected when the
alternate function is to be used, N-ch open-drain
output can be specified.
P40 46 96 |[1/O0 Port 4 (See 4.3.5.) SIFO/RXDAO/DDI/TOA00
P41 47 | 97 5-bit I/0 port SOF0/TXDAO
P42 48 98 Input data read/output data write is enabled in SCKFO0/DCK/TOA10
1-bit units.
P43 49 99 INTP13/DMS/TOA11
An on-chip pull-up resistor can be specified in 1- —
P44 50 | 100 bit units (the on-chip pull-up resistor can be INTP14/RD
connected when the pins are in the port mode
and input mode, and when the pins function as
input pins of the alternate function (including the
SCKFO pin in the slave mode)).
P50 51 103 (/O Port 5 (See 4.3.6.) TECR1/TIT10/TOT10/INTP17
P51 52 | 104 V850E/IG4-H: 3-bit /O port TENC10/EVTT1/INTP18/UCLK""?
P52 53 | 105 V850E/IH4-H: 7-bit /O port TENC11/TIT11/TOT11/INTP19
P53t B 101 Input data read/output data write is enabled in UCLK"®"
- 1-bit units.
P54 — 102 An on-chip pull-up resistor can be specified in 1- —
p55M! - 10 bit units (the on-chip pull-up resistor can be -
P56t _ 9 connected when the pins are in the port mode _
and input mode, and when the pins function as
input pins of the alternate function).

Notes 1. V850E/IH4-H only
2. VB50E/IG4-H only

1G4-H: V850E/IG4-H
IH4-H: V850E/IH4-H

Remark

GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)
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V850E/IG4-H, V850E/IH4-H

CHAPTER 2 PIN FUNCTIONS

(3/4)
Function Pin No. 1/0 Function Alternate Function
Name | |Ga-H|IH4-H
GC | GF
P70 14 53 |Input Port 7 (See 4.3.7.) ANI20
P71 15 | 54 12-bit input port ANI21
P72 16 55 ANI22
P73 17 56 ANI23
P74 18 57 ANI24
P75 19 58 ANI25
P76 20 59 ANI26
P77 21 60 ANI27
P78 22 61 ANI28
P79 23 62 ANI29
P710 24 63 ANI210
P711 25 64 ANI211
Poo™* - 18 |I/O Port 9 (V850E/IH4-H only) (See 4.3.8.) AQ™*
PgqNee _ 17 8-bit I/O port AN
pgoter _ 16 Input data read/output data write is enabled in 1- | ponete
pggte 15 bit units. AG
_ An on-chip pull-up resistor can be specified in 1-

Po4™” - | 14 bit units (the on-chip pull-up resistor can be Ag™
posNete _ 13 connected when the pins are in the port mode ANt
- _ 12 and input mode). AG""
P97Nete _ 1 1 A7Nole

Note V850E/IH4-H only

Remark

IG4-H: V850E/IG4-H
IH4-H: V850E/IH4-H
GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)
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V850E/IG4-H, V850E/IH4-H

CHAPTER 2 PIN FUNCTIONS

(4/4)
Function Pin No. 1/0 Function Alternate Function
Name  |1G4-H|IH4-H
GC | GF
PDLO 81 6 |I/O Port DL (See 4.3.9.) ADO
PDLA1 80 5 16-bit 1/O port AD1
PDL2 79 4 Input data read/output data write is enabled in 1- | Apo
PDL3 78 3 bit units. AD3
An on-chip pull-up resistor can be specified in 1-
PDL4 77 2 bit units (the on-chip pull-up resistor can be AD4
PDL5 76 1 connected when the pins are in the port mode AD5/FLMD1
PDL6 75 | 128 .and mput mode, and when the Pms function as AD6
input pins of the alternate function).
PDL7 74 | 127 AD7
PDL8 73 126 AD8
PDL9 72 125 AD9
PDL10 71 124 AD10
PDL11 70 123 AD11
PDL12 69 | 122 AD12
PDL13 68 121 AD13
PDL14 67 | 120 AD14/TOA20/TIA20/INTP15
PDL15 66 | 119 AD15/TOA21/TIA21/INTP16

Remark [G4-H: V850E/IG4-H
IH4-H: V850E/IH4-H

GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)
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V850E/IG4-H, V850E/IH4-H

CHAPTER 2 PIN FUNCTIONS

(2) Non-port pins

(1/7)
Function Pin No. I/0 Function Alternate Function
Name | ;G4-H|IH4-H
GC | GF

AQ"™* - 18 |Output |8-bit address bus for external memory Poo™*
A1 Note _ 1 7 P91 Note
A2No!e _ 1 6 P92Note
ASNote _ 1 5 P93Note
A4Note _ 1 4 P94Nole
A5Note _ 1 3 P95Note
A6Note _ 1 2 P96Note
A7No!e _ 1 1 P97Note
ADO 81 6 |[I/O 16-bit address/data bus for external memory PDLO
AD1 80 5 PDL1
AD2 79 4 PDL2
AD3 78 3 PDL3
AD4 77 2 PDL4
AD5 76 1 PDL5/FLMD1
AD6 75 | 128 PDL6
AD7 74 127 PDL7
AD8 73 | 126 PDL8
AD9 72 125 PDL9
AD10 71 124 PDL10
AD11 70 | 123 PDL11
AD12 69 122 PDL12
AD13 68 | 121 PDL13
AD14 67 | 120 PDL14/TOA20/TIA20/INTP15
AD15 66 | 119 PDL15/TOA21/TIA21/INTP16
ADTRGO 92 30 |Input External trigger input for A/D converter O P16/TOB00/TOBOOFF/INTPO8/INTADTO
ADTRGH1 30 73 |Input External trigger input for A/D converter 1 P26/TOB10/TOB1OFF/INTP10/INTADT1
ANIOO 1 39 |Input Analog input for A/D converter 0 ANIO5
ANIO1 2 40 ANIO6
ANIO2 3 41 ANIO7
ANIO3 4 42 -
ANIO5 1 39 ANIOO
ANIO6 2 40 ANIO1
ANIO7 3 41 ANIO2

Note V850E/IH4-H only

Remark

IG4-H: V850E/IG4-H
IH4-H: V850E/IH4-H
GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)
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V850E/IG4-H, V850E/IH4-H

CHAPTER 2 PIN FUNCTIONS

2/7)
Function Pin No. I/0 Function Alternate Function
Name  |1G4-H||H4-H
GC | GF
ANI10 13 52 |Input Analog input for A/D converter 1 ANI15
ANI11 12 51 ANI16
ANI12 11 50 ANI17
ANI13"" - 49 -
ANI15 13 | 52 ANI10
ANI16 12 51 ANI11
ANI17 11 50 ANI12
ANI20 14 53 |Input Analog input for A/D converter 2 P70
ANI21 15 | 54 P71
ANI22 16 55 P72
ANI23 17 56 P73
ANI24 18 | 57 P74
ANI25 19 58 P75
ANI26 20 | 59 P76
ANI27 21 60 P77
ANI28 22 61 P78
ANI29 23 | 62 P79
ANI210 24 63 P710
ANI211 25 | 64 P711
ASTB 61 113 |Output | Address strobe output for external data bus P37/SCKF2/INTP12
AVbpo 7 45 - Positive power supply for A/D converter O -
AVbb1 8 46 - Positive power supply for A/D converter 1 -
AVbp2 26 65 - Positive power supply for A/D converter 2 -
AVRerro 6 44 - Reference voltage input for A/D converter 0 -
AVREeFP1 9 47 - Reference voltage input for A/D converter 1 -
AVsso 5 43 - Ground potential for A/D converter 0 -
AVsst 10 48 - Ground potential for A/D converter 1 -
AVss2 27 66 - Ground potential for A/D converter 2 -
CLKOUT 82 19 |Output |External bus clock output P0O7/TOB010OFF/INTPO7
CSo 58 | 110 |Output |Chip select output P34/SCKF1/INTP11
Cs1 56 | 108 P32/SIF1/RXDA2
DCK 48 | 98 |Input |Debug clock input for on-chip debug emulator P42/SCKFO/TOA10
DDI 46 96 |Input Debug data input for on-chip debug emulator P40/SIFO/RXDAO/TOAQ0

Note V850E/IH4-H only

Remark

IG4-H: V850E/IG4-H
IH4-H: V850E/IH4-H
GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)
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V850E/IG4-H, V850E/IH4-H

CHAPTER 2 PIN FUNCTIONS

(3/7)
Function Pin No. I/0 Function Alternate Function
Name  |jG4-H||H4-H
GC | GF
DDO 45 89 |Output |Debug data output for on-chip debug emulator -
DMS 49 99 |Input Debug mode select for on-chip debug emulator P43/INTP13/TOA11
DRST 44 88 |Input Debug reset input for on-chip debug emulator -
EVopo 40 83 - Positive power supply for external pins -
EVob1 62 115 -
EVop2 99 37 -
EVops"™®' - 7 -
EVsso 41 85 - Ground potential for external pins -
EVssi 63 | 116 -
EVss2 100 | 38 -
EVsss™*' - 8 -
EVss4 31 74 _
EVTBO 94 32 |Input External event count input of TABO, TAB1 P14/TOBOT3
EVTB1 28 71 P24/TOB1T3
EVTTO 88 25 |Input External event count input of TMTO, TMT1/ PO1/TENCOO/INTPO1
EVTT 52 | 104 external trigger input P51/TENC10/INTP18/UCLK""**
FLMDO 42 86 |Input Pins for setting flash memory programming mode -
FLMD1 76 1 PDL5/AD5
FVop"™' - | 114 - Positive power supply for flash memory -
[Ohad - 84 - Internally connected pins -
INTADTO 92 30 |Input External maskable interrupt request input P16/TOB00/TOBOOFF/INTPO8/ADTRGO
INTADT1 30 73 P26/TOB10/TOB10OFF/INTP10/ADTRG1
INTPOO 89 | 26 POO/TECRO/TITO0/TOTOO
INTPO1 88 | 25 PO1/TENCOO/EVTTO
INTPO2 87 24 PO2/TENCO1/TITO1/TOTO1
INTPO3 86 | 23 P03/TOT20/TIT20/TOT20FF
INTPO4 85 | 22 P04/TOT21/TIT21
INTPO5 84 | 21 P05/TOT30/TIT30/TOT30FF
INTPO6 83 | 20 P06/TOT31/TIT31
INTPO7 82 19 P07/TOBO1OFF/CLKOUT
INTPO8 92 30 P16/TOB00/TOBOOFF/ADTRGO/INTADTO
Notes 1. V850E/IH4-H only
2. V850E/IG4-H only

Remark 1G4-H: V850E/IG4-H

IH4-H: V850E/IH4-H
GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)
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V850E/IG4-H, V850E/IH4-H

CHAPTER 2 PIN FUNCTIONS

(4/7)
Function Pin No. I/0 Function Alternate Function
Name  |jG4-H||H4-H
GC | GF
INTP09 43 87 |Input External maskable interrupt request input P27/WRO/TOAO1
INTP10 30 73 P26/TOB10/TOB10OFF/ADTRG1/INTADTA
INTP11 58 | 110 P34/SCKF1/CS0
INTP12 61 | 113 P37/SCKF2/ASTB
INTP13 49 99 P43/DMS/TOA11
INTP14 50 | 100 P44/RD
INTP15 67 | 120 PDL14/AD14/TOA20/TIA20
INTP16 66 | 119 PDL15/AD15/TOA21/TIA21
INTP17 51 103 P50/TECR1/TIT10/TOT10
INTP18 52 | 104 P51/TENC10/EVTT1/UCLK"™"
INTP19 53 105 P52/TENC11/TIT11/TOT11
RD 50 | 100 |Output |Read strobe output of external data bus P44/INTP14
RESET 39 82 |Input System reset input -
RXDAO 46 96 |Input Serial receive data input of UARTAO to UARTA2 | P40/SIFO/DDI/TOAQ0
RXDA1 54 | 106 P30/SCL/WR1
RXDA2 56 | 108 P32/SIF1/CS1
RXDB 59 | 111 |Input Serial receive data input of UARTBO P35/SIF2
SCKFO 48 | 98 |lO Serial clock I/O of CSIFO to CSIF2 P42/DCK/TOA10
SCKF1 58 | 110 P34/INTP11/CS0
SCKF2 61 113 P37/INTP12/ASTB
SCL 54 | 106 [1/O Serial clock 1/0 P30/RXDA1/WR1
SDA 55 | 107 |1/O Serial transmit/receive data 1/O P31/TXDA1/WAIT
SIF0 46 96 |Input Serial receive data input of CSIFO0 to CSIF2 P40/RXDAO0/DDI/TOA00
SIF1 56 | 108 P32/RXDA2/CS1
SIF2 59 111 P35/RXDB
SOFO0 47 97 |Output |Serial transmit data output of CSIFO to CSIF2 P41/TXDAO
SOF1 57 | 109 P33/TXDA2
SOF2 60 | 112 P36/TXDB
TECRO 89 26 |Input Encoder clear input of TMTO, TMT1 POO/TITOO/TOTOO/INTPOO
TECR1 51 103 P50/TIT10/TOT10/INTP17
TENCO00 88 25 |Input Encoder input of TMTO, TMT1 PO1/EVTTO/INTPO1
TENCO1 87 24 PO2/TITO1/TOTO1/INTP0O2
TENC10 52 | 104 P51/EVTT1/INTP18/UCLK""
TENC11 53 | 105 P52/TIT11/TOT11/INTP19

Note VB850E/IG4-H only

Remark

1G4-H: V850E/1G4-H
IH4-H: V850E/IH4-H
GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)
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V850E/IG4-H, V850E/IH4-H

CHAPTER 2 PIN FUNCTIONS

(5/7)
Function Pin No. I/0 Function Alternate Function
Name  1G4-H|1H4-H
GC | GF

TIA20 67 | 120 |Input External event count input/external trigger input/ | PDL14/AD14/TOA20/INTP15
capture trigger input of TAA2

TIA21 66 | 119 |Input Capture trigger input of TAA2 PDL15/AD15/TOA21/INTP16

TIBOO 95 33 |Input Capture trigger input of TABO, TAB1 P13/TOB0OB2

TIBO1 98 | 36 P10/TOBOT1/TOBO1

TIB02 97 | 35 P11/TOB0OB1/TOB02

TIBO3 9% | 34 P12/TOB0T2/TOB03

TIB1O™* - 70 p23"“/TOB1B2""

TIB11™* - | 67 P20""/TOB1T1""/TOB11""

TIB12"* - 68 P21"*/TOB1B1""/TOB12"*"

TIB13"™™* - | 69 p22"*/TOB1T2""*/TOB13""

TITOO 89 26 |Input Capture trigger input of TMTO, TMT1 POO/TECRO/TOTOOQ/INTPOO

TITO1 87 24 PO2/TENCO1/TOTO1/INTP0O2

TIT10 51 | 103 P50/TECR1/TOT10/INTP17

TIT11 53 105 P52/TENC11/TOT11/INTP19

TIT20 86 23 |Input External event count input/external trigger input/ | PO3/TOT20/TOT20FF/INTP03
capture trigger input of TMT2

TIT21 85 22 |Input Capture trigger input of TMT2 P04/TOT21/INTP04

TIT30 84 21 |Input External event count input/external trigger input/ | PO5/TOT30/TOT30OFF/INTP05
capture trigger input of TMT3

TIT31 83 20 |Input Capture trigger input of TMT3 P06/TOT31/INTP06

TOAO00 46 96 |Output |Timer output of TAAO to TAA2 P40/SIFO/RXDA0/DDI

TOAO1 43 | 87 P27/INTPO9/WRO

TOA10 48 | 98 P42/SCKFO/DCK

TOA11 49 99 P43/INTP13/DMS

TOA20 67 | 120 PDL14/AD14/TIA20/INTP15

TOA21 66 119 PDL15/AD15/TIA21/INTP16

TOBOO 92 30 |Output |Timer output of TABO P16/TOBOOFF/INTPO8/ADTRGO/INTADTO

TOBO1 98 | 36 P10/TOBOT1/TIBO1

TOBO10OFF | 82 19 |Input High-impedance output control signal input PO7/INTPO7/CLKOUT

TOBO02 97 35 |Output | Timer output of TABO P11/TOB0OB1/TIB02

TOBO3 96 34 P12/TOB0T2/TIB0O3

TOBOBH1 97 35 |Output |Pulse signal output for 6-phase PWM low arm of | P11/TIB02/TOB02

TOBOB2 95 | 33 TABO P13/TIBOO

TOBOB3 93 | 31 P15/TRGBO

TOBOOFF 92 30 |Input High-impedance output control signal input P16/TOBOO/INTPO8/ADTRGO/INTADTO

Note V850E/IH4-H only

Remark

1G4-H: V850E/1G4-H

IH4-H: V850E/IH4-H
GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)
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V850E/IG4-H, V850E/IH4-H

CHAPTER 2 PIN FUNCTIONS

(6/7)
Function Pin No. 1/0 Function Alternate Function
Name | ;G4-H|IH4-H
GC | GF

TOBOT1 98 36 |Output |Pulse signal output for 6-phase PWM high arm of | P10/TIB0O1/TOBO01
TOBOT2 96 | 34 TABO P12/TIB03/TOBO3
TOBOT3 94 32 P14/EVTBO
TOB10 30 73 |Output | Timer output of TAB1 P26/TOB1OFF/INTP10/ADTRG1/INTADTA
TOB11"™* - 67 P20"*/TOB1T1""/TIB11""
TOB12"* - 68 P21"*/TOB1B1""/TIB12""
TOB13"Y™* - 69 pP22"*/TOB1T2""/TIB13""
TOB1B1"™™* - 68 |Output |Pulse signal output for 6-phase PWM low arm of | P21"*/TIB12"/TOB12""
TOB1 BzNote _ 70 TAB1 P23Note/T|B1 oNote
TOB1B3 29 72 P25/TRGB1
TOB10OFF 30 73 |Input High-impedance output control signal input P26/TOB10/INTP10/ADTRG1/INTADT1
TOB1TI™™ - 67 |Output |Pulse signal output for 6-phase PWM high arm of | P20"*/TIB11"%/TOB11""
TOBIT2" | - | 69 TAB1 P22""/TIB13"/TOB13""
TOB1T3 28 71 P24/EVTB1
TOTO00 89 26 |Output |Timer output of TMTO to TMT2 POO/TECRO/TITO0/INTPOO
TOTO1 87 24 PO2/TENCO1/TITO1/INTP02
TOT10 51 103 P50/TECR1/TIT10/INTP17
TOT11 53 105 P52/TENC11/TIT11/INTP19
TOT20 86 23 PO3/TIT20/TOT20FF/INTPO3
TOT21 85 22 P04/TIT21/INTP04
TOT20FF 86 23 |Input High-impedance output control signal input PO3/TOT20/TIT20/INTP0O3
TOT30 84 21 |OQutput | Timer output of TMT3 PO5/TIT30/TOT30OFF/INTPO5
TOT31 83 20 PO6/TIT31/INTP0O6
TOT3OFF 84 21 |[Input High-impedance output control signal input PO5/TOT30/TIT30/INTPO5
TRCCLK™™ | - 95 |Output |Trace clock output -
TRCDATAQ™| - 91 |Output |Trace data output (DO to D3) -
TRCDATA1"™| — 92 -
TRCDATA2"™ | — 93 -
TRCDATA3"™ | — 94 -
TRCEND™™ | - 90 |Output |Trace end status output -
TRGBO 93 31 |Input External trigger input of TABO, TAB1 P15/TOB0OB3
TRGB1 29 72 P25/TOB1B3
TXDAO 47 97 |Output | Serial transmit data output of UARTAOQ to P41/SOF0
TXDAT 55 | 107 UARTA2 P31/SDA/WAIT
TXDA2 57 109 P33/SOF1

Note V850E/IH4-H only

Remark

IG4-H: V850E/1G4-H

IH4-H: V850E/IH4-H
GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)
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V850E/IG4-H, V850E/IH4-H

CHAPTER 2 PIN FUNCTIONS

(7/7)
Function Pin No. /0 Function Alternate Function
Name  |1G4-H||H4-H
GC | GF
TXDB 60 | 112 |Output |Serial transmit data output of UARTBO P36/SOF2
UCLK 52 - |Input USB clock signal input P51/TENC10/EVTT1/INTP18
- | 101 p53"
UDMF 32 75 |I/O USB data I/O (=) function -
UDPF 33 76 USB data I/O (+) function -
UVop 34 77 - 3.3 V positive power supply for USB -
Vopo 35 78 - Positive power supply for internal units -
Vob1 65 | 118 -
Vb2 90 27 -
Vsso 38 81 - Ground potential for internal units -
Vsst 64 | 117 -
Vssz2 91 28 -
WAIT 55 | 107 |Input External wait request input P31/TXDA1/SDA
WRO0 43 87 |Output |Write strobe output of external data bus P27INTP09/TOAO1
WR1 54 | 106 P30/RXDA1/SCL
X1 36 79 |Input Pins for connecting resonator for system clock -
X2 37 | 80 - -

Note V850E/IH4-H only

Remark 1G4-H: V850E/IG4-H
IH4-H: V850E/IH4-H
GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)

R0O1UHO306EJ0300 Rev.3.00

Sep 30, 2011

RENESAS

Page 44 of 1434




V850E/IG4-H, V850E/IH4-H

CHAPTER 2 PIN FUNCTIONS

2.2 Pin /0 Circuits and Recommended Connection of Unused Pins

It is recommended to use 1 to 10 kQ resistors when connecting to AVss2, EVbpo, EVbp1, EVbp2, EVbb3
(V850E/IH4-H only), EVsso, EVsst, EVss2, EVsss (V850E/IH4-H only), EVsss or Vsso, Vssi, or Vss2 by way of

resistors.
(1/4)
Function Alternate-Function Name Pin No. I/0 Recommended Connection of Unused
1G4-H | IH4-H Circuit Pins

GC | GF Type
P00 TECRO/TITOO/TOTOO/INTPOO 89 26 5-AH |Input: Independently connect to
PO1 TENCOO/EVTTO/INTPO1 88 | 25 EVooo, EVoor,
P02 TENCO1/TITO1/TOTO1/INTPO2 87 | 24 EVooz, EVoes™ or
P03 TOT20/TIT20/TOT20FF/INTP03 86 | 23 EVsso, EVesr, EVSSZ? EVesd™,

EVsss by way of resistors.

P04 TOT21/TIT21/INTPO4 85 | 22 Output: Leave open.
P05 TOT30/TIT30/TOT30OFF/INTPO5 84 | 21
P06 TOT31/TIT31/INTPO6 83 | 20
P07 TOBO10OFF/INTPO7/CLKOUT 82 | 19
P10 TOBOT1/TIBO1/TOBO1 98 | 36
P11 TOBOB1/TIB02/TOB02 97 | 35
P12 TOBOT2/TIBO3/TOBO3 9 | 34
P13 TOBOB2/TIBOO 95 | 33
P14 TOBOT3/EVTBO 94 | 32
P15 TOBOB3/TRGBO 93 | 31
P16 TOBO00/TOBOOFF/INTPO8/ADTRGO/INTADTO | 92 | 30
P17"* - - 29 5-AG
P20 TOB1T1*/TIB11""*/TOB11"" - 67 | 5-AH
p21™* TOB1B1"™/TIB12""/TOB12"" - 68
p2oee TOB1T2"/TIB13""*/TOB13"" - 69
p2g"* TOB1B2"™"/TIB10™" - 70
P24 TOB1T3/EVTBI1 28 | 71
P25 TOB1B3/TRGB1 29 | 72
P26 TOB10/TOB10OFF/INTP10/ADTRG1/INTADT1 | 30 | 73
P27 INTPO9/WRO/TOAO1 43 | 87
P30 RXDA1/SCL/WR1 54 | 106
P31 TXDA1/SDA/WAIT 55 | 107
P32 SIF1/RXDA2/CS1 56 | 108
P33 SOF1/TXDA2 57 | 109 | 5-AG

Note V850E/IH4-H only

Remark

IG4-H: V850E/IG4-H
IH4-H: V850E/IH4-H

GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)
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(2/4)
Function Alternate-Function Name Pin No. 1/0 Recommended Connection of Unused
1G4-H | IH4-H Circuit Pins
Type
GC GF s
P34 SCKF1/INTP11/CS0 58 110 5-AH |Input: Independently connect to EVooo,
P35 SIF2/RXDB 59 | 111 EVoor, EVooz, EVooa™" or
Note 1
P36 SOF2/TXDB 60 112 5-AG EVsso, EVsst, EVsszr EVsss ™",
EVsss by way of resistors.
P37 SCKF2/INTP12/ASTB 61 113 5-AH
Output: Leave open.
P40 SIFO/RXDAO/DDI/TOA00 46 96
P41 SOFO/TXDAO 47 97 5-AG
P42 SCKFO0/DCK/TOA10 48 98 5-AH
P43 INTP13/DMS/TOA11 49 99
P44 INTP14/RD 50 | 100
P50 TECR1/TIT10/TOT10/INTP17 51 103
P51 TENC10/EVTT1/INTP18/UCLK""*? 52 104
P52 TENC11/TIT11/TOT11/INTP19 53 105
P53Netel UCLKNole1 _ 101
P54t - - 102 | 5-AG
P55Netel _ _ 10
P56Nole| _ _ 9
P70 ANI20 14 53 11-G  |Independently connect to AVssz2 by way of
P71 ANI21 15 | 54 resistors.
P72 ANI22 16 55
P73 ANI23 17 56
P74 ANI24 18 57
P75 ANI25 19 58
P76 ANI26 20 59
P77 ANI27 21 60
P78 ANI28 22 61
P79 ANI29 23 62
P710 ANI210 24 63
P711 ANI211 25 64
pPoQ™! AQMe! - 18 5-AG | Input: Independently connect to EVboo,
pgqee! Aqtetet _ 17 EVoo1, EVopz, EVops"™ " or EVsso,
P Note 1 A Note 1 EVSS1, EVSSZ, EVSSaNmﬂ,
92 2 _ 16 EVsss by way of resistors.
Note 1 Note 1
P93 A3 - 15 Output: Leave open.
P94Nole| A4Nole 1 _ 14

Notes 1. V850E/IH4-H only
2. VB50E/IG4-H only

Remark 1G4-H: V850E/IG4-H
IH4-H: V850E/IH4-H
GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)

R0O1UHO306EJ0300 Rev.3.00

Sep 30, 2011 :{EN ESNS

Page 46 of 1434



V850E/IG4-H, V850E/IH4-H

CHAPTER 2 PIN FUNCTIONS

(3/4)
Function Alternate-Function Name Pin No. I} Recommended Connection of Unused
1G4-H | 1H4-y | Cireuit Pins
GC | GF Type
P95"e A5 - 13 5-AG |Input: Independently connect to
poghe AGM _ 12 EVooo, EVop1, EVopz, EVops"™ or
p— e - » EVsso, EVsst, EVsszf EVsss",
EVsss by way of resistors.
PDLO ADO 81 6 Output: Leave open.
PDLA AD1 80 5
PDL2 AD2 79 4
PDL3 AD3 78 3
PDL4 AD4 77 2
PDL5 AD5/FLMD1 76 1
PDL6 AD6 75 128
PDL7 AD7 74 127
PDL8 AD8 73 126
PDL9 AD9 72 125
PDL10 AD10 71 124
PDL11 AD11 70 123
PDL12 AD12 69 122
PDL13 AD13 68 121
PDL14 AD14/TOA20/TIA20/INTP15 67 120
PDL15 AD15/TOA21/TIA21/INTP16 66 119
ANIOO ANIO5 1 39 7-C | Connect to AVsso or AVssi.
ANIO1 ANIO6 2 40
ANIO2 ANIO7 3 41
ANIO3 - 4 42
ANI10 ANI15 13 52
ANI11 ANI16 12 51
ANI12 ANI17 11 50
ANI13"" - - 49
DDO - 45 89 3-C |Leave open (output when DRST is high-
level).
DRST - 44 88 2-M Leave open (because a pull-down resistor
is on chip).

Note V850E/IH4-H only

Remark

IG4-H: V850E/IG4-H
IH4-H: V850E/IH4-H

GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)
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(4/4)
Function Alternate-Function Name Pin No. I/0 Recommended Connection of Unused
1G4-H | IH4-H Circuit Pins
Type
GC GF s
FLMDO - 42 86 2 -
(Ol - - 84 2 Always connect to Vsso, Vss1, or Vsse.
RESET - 39 82 2 Pull this pin up when the power-on-clear
circuit (POC) is used.
TRCCLK" " - - 95 3-C |Leave open.
TRCDATAQ"™" - - 91
TRCDATA1"™™ - - 92
TRCDATA2"" - - 93
TRCDATA3"" - - 94
TRCEND"™" - - 90
UDMF - 32 75 - Always connect to Vsso, Vss1, or Vssz2 (even
UDPE _ 33 76 _ in standby mode).
UVop - 34 77 - Always connect to Vooo, Vooi, or Vopz
(even in standby mode).

Note V850E/IH4-H only

Remark

IG4-H: V850E/IG4-H

IH4-H: V850E/IH4-H
GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)
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2.3 Pin I/0 Circuits

Type 2

Type 5-AH

EVooo, EVop1, EVopz, EVppaNete

Pull-up |
enable >0 | P-ch
EVooo, EVop1, EVopz, EVopaot®

Data %:| )3 4| P-ch

EVsso, EVss1, EVssz,
EVsssNote, EVssa

IN
IN/OUT
Output N-ch
Schmitt-triggered input with hysteresis characteristics disable
EVsso, EVssi1, EVss2, EVssaNot®, EVssa
(L
Input
enable
Type 2-M Type 7-C n
IN o—s . “ omparator
T
IN

AVsso, AVssi

“~_Comparator
CMPREF (pin level) B

EVopo, EVob1, EVbp2, EVbpahet

Pata ————{ ). |[=pen

Output N-ch
disable

EVsso, EVsst, EVss2, EVssaNot®, EVssa

Input :l

enable

Type 3-C Type 11-G AVpp2
EVooo, EVop1, EVbpz, EVopaNote Data oo
——O|N/OUT
P-ch Output N-ch
disable
Data out J_ AVss2
Comparator P-ch
N-ch N-ch
T
VRerF
(Threshold voltage) AVsso
EVsso, EVss1, EVss2, Aﬁ
EVsssNote, EVssa Input enable
Type 5-AG EVopo, EVop1, EVbpz, EVbpahot®
Pull-up |
enable {>C [ [~ P-ch

IN/OUT

Note V850E/IH4-H only

RO1UHO306EJ0300 Rev.3.00
Sep 30, 2011

RENESAS

Page 49 of 1434



V850E/IG4-H, V850E/IH4-H CHAPTER 3 CPU FUNCTION

CHAPTER 3 CPU FUNCTION

The CPU of the V850E/IG4-H and V850E/IH4-H is based on RISC architecture and executes almost all the
instructions in one clock cycle using 5-stage pipeline control.

3.1 Features

Minimum instruction execution time: 10 ns (at 100 MHz internal operation)
Thirty-two 32-bit general-purpose registers

Internal 32-bit architecture

Five-stage pipeline control

Multiply/divide instructions

Saturated operation instructions

One-clock 32-bit shift instruction

Load/store instruction with long/short instruction format

OO0OO0OO0OO0OO0OO0OO0O0

Four types of bit manipulation instructions
SETH
e CLR1
NOT1
e TST1
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3.2 CPU Register Set
The registers of the V850E/IG4-H and V850E/IH4-H can be classified into two categories: a general-purpose
program register set and a dedicated system register set. All the registers have a 32-bit width.

For details, refer to V850E1 Architecture User’s Manual.

Figure 3-1. CPU Register Set

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

31 0 31 0
r0  (Zero register) EIPC (Status saving register during interrupt)
r1  (Assembler-reserved register) EIPSW (Status saving register during interrupt)
r2
r3  (Stack pointer (SP)) FEPC (Status saving register during NMI)
r4  (Global pointer (GP)) FEPSW (Status saving register during NMI)
r5  (Text pointer (TP))
6 | ECR (Interrupt source register) |
r7
r8 | PSW (Program status word) |
r9
r10 CTPC (Status saving register during CALLT execution)
r11 CTPSW (Status saving register during CALLT execution)
r12
r13 DBPC (Status saving register during exception/debug trap)
r14 DBPSW (Status saving register during exception/debug trap)
r15
r16 [ CTBP (CALLT base pointer) |
r7
r18
r19
r20
r21
r22
r23
r24
r25
r26
r27
r28
r29
r30 (Element pointer (EP))
r31 (Link pointer (LP))

31 0
| PC (Program counter)
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3.2.1 Program register set
The program register set includes 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 as a data
variable or address variable.

However, r0 and r30 are implicitly used by instructions, and care must be exercised when using these
registers. r0 is a register that always holds 0, and is used for operations using 0 and offset 0 addressing.
r30 is used, by means of the SLD and SST instructions, as a base pointer for when memory is accessed.
Also, r1, r3 to r5, and r31 are implicitly used by the assembler and C compiler. Therefore, before using
these registers, their contents must be saved so that they are not lost. The contents must be restored to the
registers after the registers have been used. r2 may be used by the real-time OS. If the real-time OS does
not use r2, it can be used as a variable register.

Table 3-1. General-Purpose Registers

Name Usage Operation

r0 Zero register Always holds 0

r Assembler-reserved register | Working register for generating 32-bit immediate data

re Address/data variable register (when r2 is not used by the real-time OS)

r3 Stack pointer Used to generate stack frame when function is called

r4 Global pointer Used to access global variable in data area

r5 Text pointer Register to indicate the start of the text area (where program
code is located)

ré to r29 Address/data variable registers

r30 Element pointer Base pointer when memory is accessed

r31 Link pointer Used by compiler when calling function

(2) Program counter (PC)
This register holds the instruction address during program execution. The lower 26 bits of this register are
valid, and bits 31 to 26 are fixed to 0. If a carry occurs from bit 25 to 26, it is ignored.
Bit 0 is fixed to 0, and branching to an odd address cannot be performed.

After reset: 00000000H

31 2625 10
I N N B B O O

PC Fixedto O Instruction address during execution 0

ROTUHO306EJ0300 Rev.3.00 Page 52 of 1434
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3.2.2 System register set
System registers control the status of the CPU and hold interrupt information.

To read/write these system registers, specify a system register number indicated below using the system register
load/store instruction (LDSR or STSR instruction).

Table 3-2. System Register Numbers

System System Register Name Operand Specification
Register No. LDSR Instruction | STSR Instruction
0 Interrupt status saving register (EIPC)"*" \ \
1 Interrupt status saving register (EIPSW)"*’ S S
2 NMI status saving register (FEPC) S \
3 NMI status saving register (FEPSW) \ \
4 Interrupt source register (ECR) x S
5 Program status word (PSW) \ S
61to 15 Reserved for future function expansion (operations that access these X x
register numbers cannot be guaranteed).
16 CALLT execution status saving register (CTPC) \ \
17 CALLT execution status saving register (CTPSW) \ \
18 Exception/debug trap status saving register (DBPC) oo o2
19 Exception/debug trap status saving register (DBPSW) et et
20 CALLT base pointer (CTBP) \ \
21 to 31 Reserved for future function expansion (operations that access these x X
register numbers cannot be guaranteed).
Notes 1. Because this register has only one set, to enable multiple interrupts, it is necessary to save this
register by program.
2. These registers can be read/written only in the period between DBTRAP instruction or illegal opcode
execution and DBRET instruction execution.
Caution Even if bit 0 of EIPC, FEPC, or CTPC is set to 1 by the LDSR instruction, bit 0 will be ignored
when the program is returned by the RETI instruction after interrupt servicing (because bit 0 of
the PC is fixed to 0). When setting the value of EIPC, FEPC, and CTPC, use an even value (bit 0
=0).
Remark ~+: Access allowed

x: Access prohibited
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(1) Interrupt status saving registers (EIPC, EIPSW)
There are two interrupt status saving registers, EIPC and EIPSW.
Upon occurrence of a software exception or a maskable interrupt, the contents of the program counter (PC)
are saved to EIPC and the contents of the program status word (PSW) are saved to EIPSW (upon
occurrence of a non-maskable interrupt (NMI), the contents are saved to the NMI status saving registers
(FEPC, FEPSW)).
The address of the next instruction following the instruction executed when a software exception or
maskable interrupt occurs is saved to EIPC, except for some instructions (see 21.9 Periods in Which CPU
Does Not Acknowledge Interrupts).
The current PSW contents are saved to EIPSW.
Since there is only one set of interrupt status saving registers, the contents of these registers must be saved
by the program when multiple interrupt servicing is enabled.
Bits 31 to 26 of EIPC and bits 31 to 8 of EIPSW are reserved (fixed to 0) for future function expansion.
When the RETI instruction is executed, the values in EIPC and EIPSW are restored to the PC and PSW,

respectively.
31 2625 0
I B A A L R L R After reset
EIPC 0|0j0|0|0|0 (PC contents saved) 0
XXXXXXXH
(x: Undefined)
31 8 7 0
S N I B
After reset
EIPSW o|0|of0|0|0O|O|0O|O|O|O|O|0|O|0O|0|0|0|0|0|0|0O|0|0|(PSW contents saved) 000000xxH

(x: Undefined)
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(2) NMI status saving registers (FEPC, FEPSW)
There are two NMI status saving registers, FEPC and FEPSW.
Upon occurrence of a non-maskable interrupt (NMI), the contents of the program counter (PC) are saved to
FEPC and the contents of the program status word (PSW) are saved to FEPSW.

The address of the next instruction following the instruction executed when a non-maskable interrupt occurs
is saved to FEPC, except for some instructions.

The current PSW contents are saved to FEPSW.

Since there is only one set of NMI status saving registers, the contents of these registers must be saved by
the program when multiple interrupt servicing is enabled.

Bits 31 to 26 of FEPC and bits 31 to 8 of FEPSW are reserved (fixed to 0) for future function expansion.
When the RETI instruction has been executed, the values of FEPC and FEPSW are restored to the PC and

PSW, respectively.

FEPC

FEPSW

31 2625 0
B B B B B I B Y ) ) B S B B B After reset
olololo 0 (PC contents saved) 0
XXXXXXXH
(x: Undefined)
N After reset
o|0|0|0 0/0/0{0|0|0|0|0[|0|0|0|0[|0|0|0|0|0|0|O0 |(PSW contents saved) 000000xxH

(x: Undefined)

(3) Interrupt source register (ECR)

Upon occurrence of an interrupt or an exception, the interrupt source register (ECR) holds the source of an
interrupt or an exception. The value held by ECR is the exception code coded for each interrupt source.
This register is a read-only register, and thus data cannot be written to it using the LDSR instruction.

31 1615 0
N I O B I B T 1T 1T 1 1T 1T 1T T 1T T T T T 11
After reset
ECR FECC EICC 00000000H
Bit position | Bit name Description
31t0 16 FECC Non-maskable interrupt (NMI) exception code
15t00 EICC Exception, maskable interrupt exception code
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(4) Program status word (PSW)

The program status word (PSW) is a collection of flags that indicate the program status (instruction
execution result) and the CPU status.

When the contents of this register are changed using the LDSR instruction, the new contents become valid

immediately following completion of LDSR instruction execution. Interrupt request acknowledgment is held
pending while a write to the PSW is being executed by the LDSR instruction.
Bits 31 to 8 are reserved (fixed to 0) for future function expansion.

(1/2)
31 876543210
L L L L L L
After reset
PSW RFU NP(EP|ID |SAT|CY|OV|S | Z 00000020H
Bit position | Flag name Description
31t08 RFU Reserved field. Fixed to 0.
7 NP Indicates that non-maskable interrupt (NMI) servicing is in progress. This flag is set to 1 when
an NMI request is acknowledged, and disables multiple interrupts.
0: NMI servicing not in progress
1: NMI servicing in progress
6 EP Indicates that exception processing is in progress. This flag is set to 1 when an exception
occurs. Moreover, interrupt requests can be acknowledged even when this bit is set.
0: Exception processing not in progress
1: Exception processing in progress
5 ID Indicates whether maskable interrupt request acknowledgment is enabled.
0: Interrupt enabled (EI)
1: Interrupt disabled (DI)
4 SAT"* Indicates that the result of executing a saturated operation instruction has overflowed and that
the calculation result is saturated. Since this is a cumulative flag, it is set to 1 when the result of
a saturated operation instruction becomes saturated, and it is not cleared to 0 even if the
operation results of successive instructions do not become saturated. This flag is neither set
nor cleared when arithmetic operation instructions are executed.
0: Not saturated
1: Saturated
3 CcY Indicates whether carry or borrow occurred as the result of an operation.
0: No carry or borrow occurred
1: Carry or borrow occurred
2 oV Indicates whether overflow occurred during an operation.
0: No overflow occurred
1: Overflow occurred.
1 g Indicates whether the result of an operation is negative.
0: Operation result is positive or 0.
1: Operation result is negative.
0 4 Indicates whether operation result is 0.
0: Operation result is not 0.
1: Operation result is 0.

Remark Note is explained on the following page.
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@/2)

Note During saturated operation, the saturated operation results are determined by the contents of the OV
flag and S flag. The SAT flag is set (to 1) only when the OV flag is set (to 1) during saturated operation.

Operation result status Flag status Saturated
SAT oV s operation result
Maximum positive value exceeded 1 1 0 7FFFFFFFH
Maximum negative value exceeded 1 1 1 80000000H
Positive (maximum value not exceeded) Holds value 0 0 Actual operation
Negative (maximum value not exceeded) before operation 1 result

(5) CALLT execution status saving registers (CTPC, CTPSW)
There are two CALLT execution status saving registers, CTPC and CTPSW.

When the CALLT instruction is executed, the contents of the program counter (PC) are saved to CTPC, and

the program status word (PSW) contents are saved to CTPSW.
The contents saved to CTPC consist of the address of the next instruction after the CALLT instruction.
The current PSW contents are saved to CTPSW.
Bits 31 to 26 of CTPC and bits 31 to 8 of CTPSW are reserved (fixed to 0) for future function expansion.

31 2625 0
L B B B B B B B ) B B B
After reset
CTPC olololololo (PC contents saved) OXXXXXXXH
(x: Undefined)
31 8 7 0
T T T 1 11
After reset
CTPSW o|0o|of0|0O|0O|O|O|O|O|O|O]|O 0/0|0{0|0|0|0|0|0|0|(PSW contents saved) 000000xxH
(x: Undefined)
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(6) Exception/debug trap status saving registers (DBPC, DBPSW)
There are two exception/debug trap status saving registers, DBPC and DBPSW.
Upon occurrence of an exception trap or debug trap, the contents of the program counter (PC) are saved to
DBPC, and the program status word (PSW) contents are saved to DBPSW.
The contents saved to DBPC consist of the address of the next instruction after the instruction executed

when an exception trap or debug trap occurs.

The current PSW contents are saved to DBPSW.
These registers can be read or written only in the period between DBTRAP instruction or illegal opcode

execution and DBRET instruction execution.

Bits 31 to 26 of DBPC and bits 31 to 8 of DBPSW are reserved (fixed to 0) for future function expansion.
When the DBRET instruction has been executed, the values of DBPC and DBPSW are restored to the PC

and PSW, respectively.

31 2625

DBPC o(ojojo|o|0

31

DBPSW o|o0|0f0|0|0|0O|O

0 (0|0 |(PSW contents saved)

After reset
OxxxxxxxH
(x: Undefined)

After reset
000000xxH
(x: Undefined)

(7) CALLT base pointer (CTBP)

The CALLT base pointer (CTBP) is used to specify table addresses and generate target addresses (bit O is

fixed to 0).

Bits 31 to 26 are reserved (fixed to 0) for future function expansion.

31 2625
I

CTBP 0j0|0(0|0|0

T T T 11
(Base address)

0

After reset
OxxxxxxxH
(x: Undefined)

RO1UHO306EJ0300 Rev.3.00
Sep 30, 2011

RENESAS

Page 58 of 1434




V850E/IG4-H, V850E/IH4-H CHAPTER 3 CPU FUNCTION

3.3 Operating Modes

3.3.1 Operating modes
The V850E/IG4-H and V850E/IH4-H have the following operating modes. Mode specification is carried out using
the FLMDO and FLMD1 pins.

(1) Normal operation mode
In this mode, execution branches to the reset entry address in the internal ROM and instruction processing is
started when system reset is released.

(2) Flash memory programming mode
If this mode is specified, a program can be written to the internal flash memory by the flash memory
programmer.

3.3.2 Operating mode specification

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

In the normal operating mode, input a low level to the FLMDO pin after reset.

When the flash memory programmer is connected, a high level is input to the FLMDO pin by the flash memory
programmer in the flash memory programming mode; however, in the self-programming mode, input a high level via
an external circuit.

Other than in the self-programming mode, fix the specifications of these pins in the application system, and do
not change then during operation.

FLMD1 FLMDO Operating Mode Remarks
X L Normal operation mode Internal ROM area is allocated from address 000000H.
L H Flash memory programming mode -
H H Setting prohibited

Remark L: Low-level input
H: High-level input
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3.4 Address Space

3.41 CPU address space

The CPU of the V850E/IG4-H and V850E/IH4-H has 32-bit architecture and supports up to 4 GB of linear
address space (data space) during operand addressing (data access). Also, in instruction address addressing, a
maximum of 64 MB of linear address space (program space) is supported.

Figure 3-2 shows the CPU address space.

Figure 3-2. CPU Address Space

CPU address space

FFFFFFFFH
it Pt Data area
(4 GB linear)
04000000H
03FFFFFFH
Program area
(64 MB linear)
00000000H
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3.4.2 Image

A 256 MB physical address space is seen as 16 images in the 4 GB CPU address space. In actuality, the same
256 MB physical address space is accessed regardless of the values of bits 31 to 28 of the CPU address. Figure
3-3 shows the image of the virtual addressing space.

Physical address x0000000H can be seen as CPU address 00000000H, and in addition, can be seen as address

10000000H, address 20000000H, ... , address EO000000H, or address FOOOO000H.

Figure 3-3. Images on Address Space

CPU address space

FFFFFFFFH N
Image \\\
FO000000H ‘\
EFFFFFFFH N "
Image AN
. h <\ Physical address space
E0000000H \ o —— FEFFFFFH
DFFFFFFFH . \ s On-chip peripheral 1/0
Y NoT ) Internal RAM
Image : s
-~ ISP NN External memory
20000000H - PR
1FFFFFFFH K BN Internal ROM 0000000H
Image / /// ///
10000000H % K
OFFFFFFFH )/
Image ,/
00000000H !
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3.4.3 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. Even if a carry or borrow occurs from bit 25 to 26 as a result of a branch address calculation, the
higher 6 bits ignore the carry or borrow.
Therefore, the upper-limit address of the program space, address 03FFFFFFH, and the lower-limit address
00000000H become contiguous addresses. Wraparound refers to a situation like this whereby the lower-
limit address and upper-limit address become contiguous.

Caution The 4 KB area of 03FFF000H to 03FFFFFFH can be seen as an image of OFFFFOO0OH to
OFFFFFFFH. This area is access-prohibited. Therefore, do not execute any branch
address calculation in which the result will reside in any part of this area.

00000001H Program space

00000000H

(+) direction (-) direction
03FFFFFFH

03FFFFFEH
. Program space

(2) Data space
The result of an operand address calculation that exceeds 32 bits is ignored.
Therefore, the upper-limit address of the program space, address FFFFFFFFH, and the lower-limit address
00000000H are contiguous addresses, and the data space is wrapped around at the boundary of these
addresses.

00000001H Data space
00000000H
(+) direction (—) direction
FFFFFFFFH
FFFFFFFEH
Data space
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3.44 Memory

map

The V850E/IG4-H and V850E/IH4-H reserve areas as shown in Figure 3-4.

Figure 3-4. Memory Map

1PD70F3921 (V850E/IG4-H)
1PD70F3924 (V850E/IH4-H)

1PD70F3920 (V850E/IG4-H)
LPD70F3923 (V850E/IH4-H)

1PD70F3919 (V850E/IG4-H)
1PD70F3922 (V850E/IH4-H)

xFFFFFFFH

xFFFFO00H

On-chip peripheral
1/0 area

On-chip peripheral
1/0 area

On-chip peripheral
I/O area

xFFFEFFFH

xFFF9000H

Internal RAM area

Internal RAM area

Internal RAM area

xFFF8FFFH

x0800000H

— Access prohibited

— Access prohibited

x07FFFFFH

x0440000H

— Access prohibited <

— Access prohibited

— Access prohibited

Xx043FFFFH

x0400000H

USB function area

x03FFFFFH

x0100000H

External memory
area

USB function area

— Access prohibited

USB function area

External memory
area

XO0FFFFFH

x0080000H
x007FFFFH

Access prohibited

x0078000H
x0077FFFH
x0060000H
X005FFFFH

x0040000H
X003FFFFH

Internal ROM area

x0000000H

Access prohibited

External memory
area

Internal ROM area

Access prohibited

Internal ROM area

24 KB

256 MB

3 MB

256 KB
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3.4.5 Areas

(1) Internal ROM area
512 KB of internal ROM area, addresses 00000H to 7FFFFH, is reserved.

(a) ©#PD70F3919 (V850E/IG4-H), .PD70F3922 (V850E/IH4-H)
256 KB are provided at addresses 000000H to 03FFFFH as physical internal ROM.

Figure 3-5. Internal ROM Area (256 KB)

007FFFFH
Access prohibited
0040000H
003FFFFH
Internal ROM
0000000H

(b) 4PD70F3920 (V850E/IG4-H), ,PD70F3923 (V850E/IH4-H)
384 KB are provided at addresses 000000H to 05FFFFH as physical internal ROM.

Figure 3-6. Internal ROM Area (384 KB)

00FFFFFH
Access prohibited
0060000H
005FFFFH
Internal ROM
0000000H
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(c) ©PD70F3921 (V850E/IG4-H), .PD70F3924 (V850E/IH4-H)
480 KB are provided at addresses 000000H to 077FFFH as physical internal ROM.

Figure 3-7. Internal ROM Area (480 KB)

007FFFFH
Access prohibited
0078000H
0077FFFH
Internal ROM
0000000H

(2) Internal RAM area
24 KB are provided at addresses FFF9000H to FFFEFFFH as physical internal RAM.

Figure 3-8. Internal RAM Area (24 KB)

FFFEFFFH

Internal RAM area (24 KB)

FFF9000H
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(3) On-chip peripheral I/O area
4 KB of memory, addresses FFFFOOOH to FFFFFFFH, is provided as an on-chip peripheral I/O area.
An image of addresses FFFFO00H to FFFFFFFH can be seen at addresses 3FFFO00H to 3FFFFFFH"",

Note Addresses 3FFFOO0H to 3FFFFFFH are access-prohibited. To access the on-chip peripheral I/O,

specify addresses FFFFOOOH to FFFFFFFH.

Figure 3-9. On-Chip Peripheral I/O Area

FFFFFFFH

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

FFFFOOOH

On-chip peripheral I/O registers associated with the operating mode specification and the state monitoring

for the on-chip peripheral I/O are all memory-mapped to the on-chip peripheral I/O area. Program fetches

cannot be executed from this area.

Cautions 1. In the V850E/IG4-H and V850E/IH4-H, if a register is word accessed, halfword access is

performed twice in the order of lower address, then higher address of the word area,
disregarding the lower 2 bits of the address.

. For registers in which byte access is possible, if halfword access is executed, the

higher 8 bits become undefined during the read operation, and the lower 8 bits of data
are written to the register during the write operation.

. Addresses that are not defined as registers are reserved for future expansion. If these

addresses are accessed, the operation is undefined and not guaranteed.

Addresses 3FFF000H to 3FFFFFFH cannot be specified as the source/destination
address of DMA transfer. Be sure to use addresses FFFFO0O0OH to FFFFFFFH for the
source/destination address of DMA transfer.

(4) External memory area
3 MB (0100000H to 03FFFFFH) are available for the external memory area. For details, see CHAPTER 19
BUS CONTROL FUNCTION.
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3.4.6 Recommended use of address space

The architecture of the V850E/IG4-H and V850E/IH4-H requires that a register that serves as a pointer be
secured for address generation in operand data accessing of data space. Operand data access from instruction
can be directly executed at the address in this pointer register area +32 KB. However, because the general-
purpose registers that can be used as a pointer register are limited, by minimizing the deterioration of address
calculation performance when changing the pointer value, the number of usable general-purpose registers for
handling variables is maximized, and the program size can be saved.

(1) Program space
Of the 32 bits of the program counter (PC), the higher 6 bits are fixed to 0, and only the lower 26 bits are
valid. Therefore, a contiguous 64 MB space, starting from address 00000000H, unconditionally corresponds
to the memory map of the program space.

(2) Data space
With the V850E/IG4-H and V850E/IH4-H, a 256 MB physical address space is seen as 16 images in the 4
GB CPU address space. The highest bit (bit 25) of this 26-bit address is assigned as an address sign-
extended to 32 bits.

(a) Application examples using wraparound
When R = r0 (zero register) is specified by the LD/ST disp16 [R] instruction, an addressing range of
00000000H +32 KB can be referenced by the sign-extended disp16.
The zero register (r0) is a register set to 0 by the hardware, and eliminates the need for additional
registers for the pointer.

Example 4PD70F3919 (V850E/IG4-H)

0003FFFFH

00007FFFH

Internal ROM area 32 KB

(R=) 00000000H

On-chip peripheral

4 KB
FFFFFO00H /G area
FFFFEFFFH
Internal RAM area 24 KB
FFFF9000H
FFFF8FFFH
FFFF8000H
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Figure 3-10. Recommended Memory Map

Program space
64 MB

Notes 1.

Remarks 1.

<

Program space Data space
FFFFFFFFH i On-chip |\
FFFFFOOOH | N peripheral /O |
FFFFEFFFH
Internal RAM
FFFFO000H | _______________| NN I A
FFFE8FFFH
04000000H -1
03FFFFFFH On-chip
03FFF000H | peripheral 1/ONte?
03FFEFFFH
Internal RAM
03FF9000H
03FF8FFFH
Access
Access prohibitedNete 2
prohibitedNete 2
00800000H
007FFFFFH
Access
prohibitedNete 2
00440000H | _________.
0043FFFFH i .
00400000H USB function area
003FFFFFH
External memory
area
00100000H
000FFFFFH
Access
prohibitedN°te 2 s
00080000H N !
0007FFFFH
Access Access .
prohibited™ete 2 prohibited™et2 -~
00040000H | . _____________| I o
0003FFFFH .
Internal ROM _J-“internal ROM|
00000000H - ’

The arrows indicate the recommended area.
2. This is a recommended memory map for the xPD70F3919 (V850E/IG4-H).

On-chip
peripheral 1/0

Internal RAM

Access
prohibitedNete 2

Access
prohibitedNete 2

External memory

area

Access
prohibitedNete 2

Access
prohibitedNete 2

Internal ROM

xFFFFFFFH

xFFFFO00H
xFFFEFFFH

xFFF9000H
XFFF8FFFH

x0800000H
x07FFFFFH

x0440000H
X043FFFFH
x0400000H

X03FFFFFH

x0100000H
X00FFFFFH

x0080000H
x007FFFFH

x0040000H
X003FFFFH

x0000000H

This area is access-prohibited. To access the on-chip peripheral I/O, specify addresses FFFFO0OH
to FFFFFFFH.
2. The operation is not guaranteed if an access-prohibited area is accessed.
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3.4.7 On-chip peripheral I/O registers

(1/18)
Address Function Register Name Symbol R/W Bit Units for After Reset
Manipulation
8 | 16 | 32
FFFFFO04H Port DL register PDL R/W \/ Undefined
FFFFFO04H Port DLL register PDLL N Undefined
FFFFFOO5H Port DLH register PDLH v Undefined
FFFFF024H Port DL mode register PMDL J FFFFH
FFFFF024H Port DL mode register L PMDLL v FFH
FFFFFO025H Port DL mode register H PMDLH v FFH
FFFFF044H Port DL mode control register PMCDL \/ 0000H
FFFFF044H Port DL mode control register L PMCDLL N 00H
FFFFFO45H Port DL mode control register H PMCDLH v O00H
FFFFFO66H Bus size configuration register BSC \/ 5555H
FFFFFO6EH System wait control register VSWC v 77H
FFFFFO80H DMA trigger factor register 0 DTFRO \/ 0000H
FFFFFO80H DMA trigger factor register OL DTFROL v O00H
FFFFFO81H DMA trigger factor register OH DTFROH v 00H
FFFFFO82H DMA addressing control register 0 DADCO \/ 0000H
FFFFF084H DMA transfer count specification register 0 DTCRO Undefined
FFFFFO86H DMA transfer destination address specification DDARO v | Undefined
register 0
FFFFFO86H DMA transfer destination address specification DDAROL N Undefined
register OL
FFFFFO88H DMA transfer destination address specification DDAROH \ Undefined
register OH
FFFFFO8AH DMA transfer source address specification register 0 | DSARO V' | Undefined
FFFFFO8AH | DMA transfer source address specification register OL | DSAROL \/ Undefined
FFFFFO8CH | DMA transfer source address specification register OH | DSAROH \/ Undefined
FFFFFOS8EH DMA channel control register O DCHCO \/ 0000H
FFFFFO90H DMA trigger factor register 1 DTFR1 \/ 0000H
FFFFFO90H DMA trigger factor register 1L DTFR1L v O00H
FFFFFO91H DMA trigger factor register 1H DTFR1H v 00H
FFFFFO92H DMA addressing control register 1 DADCA1 \/ 0000H
FFFFF094H DMA transfer count specification register 1 DTCR1 Undefined
FFFFFO96H DMA transfer destination address specification DDART1 v | Undefined
register 1
FFFFFO96H | DMA transfer destination address specification DDAR1L v Undefined
register 1L
FFFFFO98H DMA transfer destination address specification DDAR1H \ Undefined
register 1H
FFFFFO9AH DMA transfer source address specification register 1 | DSAR1 V' | Undefined
FFFFFO9AH | DMA transfer source address specification register 1L | DSAR1L \/ Undefined
FFFFFOOCH | DMA transfer source address specification register 1H| DSAR1H Undefined
FFFFFO9EH DMA channel control register 1 DCHC1 0000H
22;%!;’038161&0300 Rev.3.00 :{EN ESNS Page 69 of 1434




V850E/IG4-H, V850E/IH4-H

CHAPTER 3 CPU FUNCTION

(2/18)
Address Function Register Name Symbol R/W Bit Units for After Reset
Manipulation
8 | 16 | 32
FFFFFOAOH DMA trigger factor register 2 DTFR2 R/W N 0000H
FFFFFOAOH DMA trigger factor register 2L DTFR2L v O00H
FFFFFOA1H DMA trigger factor register 2H DTFR2H v 00H
FFFFFOA2H DMA addressing control register 2 DADC2 0000H
FFFFFOA4H DMA transfer count specification register 2 DTCR2 N Undefined
FFFFFOAG6H DMA transfer destination address specification DDAR2 V' | Undefined
register 2
FFFFFOAGH DMA transfer destination address specification DDAR2L N Undefined
register 2L
FFFFFOA8H | DMA transfer destination address specification DDAR2H S Undefined
register 2H
FFFFFOAAH DMA transfer source address specification register 2 | DSAR2 V' | Undefined
FFFFFOAAH | DMA transfer source address specification register 2L | DSAR2L S Undefined
FFFFFOACH | DMA transfer source address specification register 2H | DSAR2H N Undefined
FFFFFOAEH DMA channel control register 2 DCHC2 \/ 0000H
FFFFFOBOH DMA trigger factor register 3 DTFR3 N 0000H
FFFFFOBOH DMA trigger factor register 3L DTFR3L v O00H
FFFFFOB1H DMA trigger factor register 3H DTFR3H v 00H
FFFFFOB2H DMA addressing control register 3 DADC3 0000H
FFFFFOB4H DMA transfer count specification register 3 DTCRS3 N Undefined
FFFFFOB6H DMA transfer destination address specification DDAR3 V' | Undefined
register 3
FFFFFOB6H DMA transfer destination address specification DDAR3L N Undefined
register 3L
FFFFFOB8H DMA transfer destination address specification DDARS3H \ Undefined
register 3H
FFFFFOBAH DMA transfer source address specification register 3 | DSAR3 V' | Undefined
FFFFFOBAH | DMA transfer source address specification register 3L | DSAR3L \/ Undefined
FFFFFOBCH | DMA transfer source address specification register 3H | DSAR3H N Undefined
FFFFFOBEH DMA channel control register 3 DCHCS3 \/ 0000H
FFFFFOCOH DMA trigger factor register 4 DTFR4 N 0000H
FFFFFOCOH | DMA trigger factor register 4L DTFR4L v O00H
FFFFFOC1H | DMA trigger factor register 4H DTFR4H v 00H
FFFFFOC2H DMA addressing control register 4 DADC4 0000H
FFFFFOC4H DMA transfer count specification register 4 DTCR4 N Undefined
FFFFFOC6H DMA transfer destination address specification DDAR4 V' | Undefined
register 4
FFFFFOC6H | DMA transfer destination address specification DDAR4L N Undefined
register 4L
FFFFFOC8H | DMA transfer destination address specification DDAR4H \ Undefined
register 4H
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(3/18)
Address Function Register Name Symbol R/W Bit Units for After Reset
Manipulation
8 | 16 | 32
FFFFFOCAH DMA transfer source address specification register 4 | DSAR4 R/W V' | Undefined
FFFFFOCAH | DMA transfer source address specification register 4L | DSAR4L \/ Undefined
FFFFFOCCH | DMA transfer source address specification register 4H| DSAR4H \ Undefined
FFFFFOCEH DMA channel control register 4 DCHC4 S 0000H
FFFFFODOH DMA trigger factor register 5 DTFR5 N 0000H
FFFFFODOH | DMA trigger factor register 5L DTFR5L v O00H
FFFFFOD1H | DMA trigger factor register 5H DTFR5H v 00H
FFFFFOD2H DMA addressing control register 5 DADC5 0000H
FFFFFOD4H DMA transfer count specification register 5 DTCR5 Undefined
FFFFFOD6H DMA transfer destination address specification DDAR5 V' | Undefined
register 5
FFFFFOD6H | DMA transfer destination address specification DDARS5L N Undefined
register 5L
FFFFFOD8H | DMA transfer destination address specification DDAR5SH \/ Undefined
register 5H
FFFFFODAH DMA transfer source address specification register 5 | DDAR5 V' | Undefined
FFFFFODAH | DMA transfer source address specification register 5L | DDAR5L \/ Undefined
FFFFFODCH | DMA transfer source address specification register 5H | DDAR5H N Undefined
FFFFFODEH DMA channel control register 5 DCHC5 S 0000H
FFFFFOEOH DMA trigger factor register 6 DTFR6 N 0000H
FFFFFOEOH DMA trigger factor register 6L DTFR6L v O00H
FFFFFOE1H DMA trigger factor register 6H DTFR6H v 00H
FFFFFOE2H DMA addressing control register 6 DADC6 0000H
FFFFFOE4H DMA transfer count specification register 6 DTCR6 Undefined
FFFFFOE6H DMA transfer destination address specification DDAR6 V' | Undefined
register 6
FFFFFOEGH DMA transfer destination address specification DDAR6L N Undefined
register 6L
FFFFFOE8H DMA transfer destination address specification DDAR6H \/ Undefined
register 6H
FFFFFOEAH DMA transfer source address specification register 6 | DSAR6 V' | Undefined
FFFFFOEAH | DMA transfer source address specification register 6L | DSAR6L Undefined
FFFFFOECH | DMA transfer source address specification register 6H | DSAR6H Undefined
FFFFFOEEH DMA channel control register 6 DCHC6 0000H
FFFFFOFOH DMA status register DMAS N 00H
FFFFFOF2H DMA enable register DEN N 00H
FFFFFOF4H DMA stop register DMSTP N 00H
FFFFF100H Interrupt mask register 0 IMRO S FFFFH
FFFFF100H Interrupt mask register OL IMROL FFH
FFFFF101H Interrupt mask register OH IMROH FFH
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Address Function Register Name Symbol R/W Bit Units for After Reset
Manipulation
1 8 16
FFFFF102H Interrupt mask register 1 IMR1 R/W FFFFH
FFFFF102H Interrupt mask register 1L IMR1L v FFH
FFFFF103H Interrupt mask register 1H IMR1H v FFH
FFFFF104H Interrupt mask register 2 IMR2 \ | FFFFH
FFFFF104H Interrupt mask register 2L IMR2L N FFH
FFFFF105H Interrupt mask register 2H IMR2H v FFH
FFFFF106H Interrupt mask register 3 IMR3 N | FFFFH
FFFFF106H Interrupt mask register 3L IMR3L v FFH
FFFFF107H Interrupt mask register 3H IMR3H v FFH
FFFFF108H Interrupt mask register 4 IMR4 \ | FFFFH
FFFFF108H Interrupt mask register 4L IMR4L N FFH
FFFFF109H Interrupt mask register 4H IMR4H v FFH
FFFFF10AH Interrupt mask register 5 IMR5 N | FFFFH
FFFFF10AH Interrupt mask register 5L IMR5L v FFH
FFFFF10BH | Interrupt mask register 5H IMR5H J v FFH
FFFFF10CH Interrupt mask register 6 IMR6 \ | FFFFH
FFFFF10CH | Interrupt mask register 6L IMR6L J v FFH
FFFFF10DH | Interrupt mask register 6H IMR6H \/ v FFH
FFFFF110H Interrupt control register LVILIC N N 47H
FFFFF112H Interrupt control register LVIHIC S v 47H
FFFFF114H Interrupt control register PICO0 N N 47H
FFFFF116H Interrupt control register PICO1 S v 47H
FFFFF118H Interrupt control register PIC02 N N 47H
FFFFF11AH Interrupt control register PIC03 S v 47H
FFFFF11CH Interrupt control register PIC04 N N 47H
FFFFF11EH Interrupt control register PIC05 \ v 47H
FFFFF120H Interrupt control register PIC06 N N 47H
FFFFF122H Interrupt control register PIC07 \ v 47H
FFFFF124H Interrupt control register PIC08 N N 47H
FFFFF126H Interrupt control register PIC09 \ v 47H
FFFFF128H Interrupt control register PIC10 N N 47H
FFFFF12AH Interrupt control register PIC11 \ v 47H
FFFFF12CH Interrupt control register PIC12 N N 47H
FFFFF12EH Interrupt control register PIC13 S v 47H
FFFFF130H Interrupt control register PIC14 N N 47H
FFFFF132H Interrupt control register PIC15 S v 47H
FFFFF134H Interrupt control register PIC16 N N 47H
FFFFF136H Interrupt control register PIC17 \ v 47H
FFFFF138H Interrupt control register PIC18 N N 47H
FFFFF13AH Interrupt control register PIC19 \ v 47H
FFFFF13CH Interrupt control register CMPICOL S N 47H
gggggf)ggffJOSOO Rev.3.00 :{EN ESNS Page 72 of 1434




V850E/IG4-H, V850E/IH4-H CHAPTER 3 CPU FUNCTION

(5/18)

Address Function Register Name Symbol R/W Bit Units for After Reset

Manipulation
1 8 16

FFFFF13EH Interrupt control register CMPICOF RW | N 47H
FFFFF140H Interrupt control register CMPIC1L \/ v 47H
FFFFF142H Interrupt control register CMPIC1F \/ y 47H
FFFFF144H Interrupt control register TBOOVIC J \/ 47H
FFFFF146H Interrupt control register TBOCCICO N y 47H
FFFFF148H Interrupt control register TBOCCIC1 \/ v 47H
FFFFF14AH Interrupt control register TBOCCIC2 N N 47H
FFFFF14CH Interrupt control register TBOCCIC3 \/ y 47H
FFFFF14EH Interrupt control register TB1OVIC N y 47H
FFFFF150H Interrupt control register TB1CCICO \/ y 47H
FFFFF152H Interrupt control register TB1CCIC1 N N 47H
FFFFF154H Interrupt control register TB1CCIC2 \/ v 47H
FFFFF156H Interrupt control register TB1CCIC3 N N 47H
FFFFF158H Interrupt control register TTOOVIC \/ y 47H
FFFFF15AH Interrupt control register TTOCCICO N N 47H
FFFFF15CH Interrupt control register TTOCCICH v N 47H
FFFFF15EH Interrupt control register TTOIECIC N N 47H
FFFFF160H Interrupt control register TT10VIC v N 47H
FFFFF162H Interrupt control register TT1CCICO N N 47H
FFFFF164H Interrupt control register TT1CCICH \/ v 47H
FFFFF166H Interrupt control register TT1IECIC N N 47H
FFFFF168H Interrupt control register TT20VIC v N 47H
FFFFF16AH Interrupt control register TT2CCICO \/ y 47H
FFFFF16CH Interrupt control register TT2CCICH v N 47H
FFFFF16EH Interrupt control register TT30VIC N N 47H
FFFFF170H Interrupt control register TT3CCICO v N 47H
FFFFF172H Interrupt control register TT3CCIC1 N N 47H
FFFFF174H Interrupt control register TAOOVIC J \/ 47H
FFFFF176H Interrupt control register TAOCCICO \/ y 47H
FFFFF178H Interrupt control register TAOCCICH v N 47H
FFFFF17AH Interrupt control register TA10VIC N N 47H
FFFFF17CH Interrupt control register TA1CCICO v N 47H
FFFFF17EH Interrupt control register TA1CCIC1 N N 47H
FFFFF180H Interrupt control register TA20VIC v N 47H
FFFFF182H Interrupt control register TA2CCICO \/ y 47H
FFFFF184H Interrupt control register TA2CCIC1 S v 47H
FFFFF186H Interrupt control register DMAICO J v 47H
FFFFF188H Interrupt control register DMAIC1 v N 47H
FFFFF18AH Interrupt control register DMAIC2 J V 47H
FFFFF18CH Interrupt control register DMAIC3 v N 47H
FFFFF18EH Interrupt control register DMAIC4 J v 47H

gggggf)ggffJOSOO Rev.3.00 :{EN ESNS Page 73 of 1434




V850E/IG4-H, V850E/IH4-H CHAPTER 3 CPU FUNCTION

(6/18)

Address Function Register Name Symbol R/W Bit Units for After Reset

Manipulation
1 8 16

FFFFF190H Interrupt control register DMAIC5 RW | v | 47H
FFFFF192H Interrupt control register UREIC \/ v 47H
FFFFF194H Interrupt control register URIC J y 47H
FFFFF196H Interrupt control register uTIC \/ v 47H
FFFFF198H Interrupt control register UIFIC \/ N 47H
FFFFF19AH Interrupt control register uToIC \/ N 47H
FFFFF19CH Interrupt control register UAOREIC \/ v 47H
FFFFF19EH Interrupt control register UAORIC VoA 47H
FFFFF1AOH Interrupt control register UAOTIC S v 47H
FFFFF1A2H Interrupt control register CFOREIC v oA 47H
FFFFF1A4H Interrupt control register CFORIC S v 47H
FFFFF1A6H Interrupt control register CFoTIC N N 47H
FFFFF1A8H Interrupt control register UA1REIC \/ v 47H
FFFFF1AAH Interrupt control register UA1RIC J y 47H
FFFFF1ACH Interrupt control register UA1TIC \/ v 47H
FFFFF1AEH Interrupt control register CF1REIC J y 47H
FFFFF1BOH Interrupt control register CF1RIC \/ v 47H
FFFFF1B2H Interrupt control register CF1TIC S v 47H
FFFFF1B4H Interrupt control register UA2REIC VoA 47H
FFFFF1B6H Interrupt control register UA2RIC S v 47H
FFFFF1B8H Interrupt control register UA2TIC VoA 47H
FFFFF1BAH Interrupt control register CF2REIC \/ v 47H
FFFFF1BCH Interrupt control register CF2RIC \/ N 47H
FFFFF1BEH Interrupt control register CF2TIC \/ v 47H
FFFFF1COH Interrupt control register licic \/ v 47H
FFFFF1C2H Interrupt control register ADOIC \/ v 47H
FFFFF1C4H Interrupt control register AD1IC J y 47H
FFFFF1C6H Interrupt control register AD2IC \/ v 47H
FFFFF1C8H Interrupt control register TMOEQICO «/ N 47H
FFFFF1CAH Interrupt control register TM1EQICO v oA 47H
FFFFF1CCH Interrupt control register TM2EQICO J v 47H
FFFFF1CEH Interrupt control register TM3EQICO v oA 47H
FFFFF1DOH Interrupt control register ADTOIC S v 47H
FFFFF1D2H Interrupt control register ADTIIC v oA 47H
FFFFF1D4H Interrupt control register UFICO S v 47H
FFFFF1D6H Interrupt control register UFIC1 \/ N 47H
FFFFF1D8H Interrupt control register DMAIC6 \/ v 47H
FFFFF1DAH Interrupt control register TBOOVBIC J y 47H
FFFFF1DCH Interrupt control register TBOCCBICO \/ v 47H
FFFFF1DEH Interrupt control register TB10OVBIC J y 47H
FFFFF1EOH Interrupt control register TB1CCBICO \/ v 47H
FFFFF1FAH In-service priority register ISPR R S v O0H
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FFFFF1FCH Command register PRCMD w \/ Undefined
FFFFF1FEH Power save control register PSC RW | + \ OO0H
FFFFF200H A/DO conversion result register 0 ADOCRO R \' | 0000H
‘ FFFFF201H A/DO conversion result register OH ADOCROH \ 00H
FFFFF202H A/DO conversion result register 1 ADOCR1 v | 0000H
‘ FFFFF203H A/DO conversion result register 1H ADOCR1H \ 00H
FFFFF204H A/DO conversion result register 2 ADOCR2 v | 0000H
‘ FFFFF205H A/DO conversion result register 2H ADOCR2H \ 00H
FFFFF206H A/DO conversion result register 3 ADOCR3 v | 0000H
‘ FFFFF207H A/DO conversion result register 3H ADOCR3H \ 00H
FFFFF208H A/DO conversion result register 4 ADOCR4 v | 0000H
‘ FFFFF209H A/DO conversion result register 4H ADOCR4H \ 00H
FFFFF20AH A/DO conversion result register 5 ADOCR5 N | 0000H
‘ FFFFF20BH | A/DO conversion result register 5H ADOCR5H \ 00H
FFFFF20CH A/DO conversion result register 6 ADOCR6 N | 0000H
‘ FFFFF20DH | A/DO conversion result register 6H ADOCR6H \ 00H
FFFFF20EH A/DO conversion result register 7 ADOCR7 N | 0000H
‘ FFFFF20FH | A/DO conversion result register 7H ADOCR7H \ 00H
FFFFF210H A/DO conversion result register 8 ADOCR8 N | 0000H
‘ FFFFF211H A/DO conversion result register 8H ADOCR8H \ 00H
FFFFF212H A/DO conversion result register 9 ADOCR9 v | 0000H
‘ FFFFF213H A/DO conversion result register 9H ADOCR9H \ 00H
FFFFF214H A/DO conversion result register 10 ADOCR10 v | 0000H
‘ FFFFF215H A/DO conversion result register 10H ADOCR10H \ 00H
FFFFF216H A/DO conversion result register 11 ADOCR11 N
‘ FFFFF217H A/DO conversion result register 11H ADOCR11H \ 00H
FFFFF218H A/DO conversion result register 12 ADOCR12 v | 0000H
‘ FFFFF219H A/DO conversion result register 12H ADOCR12H \ 00H
FFFFF21AH A/DO conversion result register 13 ADOCR13 v | 0000H
‘ FFFFF21BH | A/DO conversion result register 13H ADOCR13H \ 00H
FFFFF21CH A/DO conversion result register 14 ADOCR14 v | 0000H
‘ FFFFF21DH | A/DO conversion result register 14H ADOCR14H \ 00H
FFFFF21EH A/DO conversion result register 15 ADOCR15 v | 0000H
‘ FFFFF21FH | A/DO conversion result register 15H ADOCR15H < 00H
FFFFF220H A/D converter 0 scan mode register ADOSCM R/W \' | 0000H
FFFFF220H | A/D converter 0 scan mode register L ADOSCML v 00H
FFFFF221H A/D converter 0 scan mode register H ADOSCMH 00H
FFFFF222H A/D converter 0 conversion time control register ADOCTC v 00H
FFFFF224H A/D converter 0 conversion channel specification register | ADOCHEN v | 0000H
FFFFF224H A/D converter 0 conversion channel specification register L | ADOCHENL v 00H
FFFFF225H A/D converter 0 conversion channel specification register H | ADOCHENH v 00H
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FFFFF230H A/D converter 0 control register ADOCTLO RW | N | 00H
FFFFF231H A/D converter 0 trigger select register ADOTSEL v v 10H
FFFFF232H A/D converter 0 channel specification register 1 ADOCH1 v N 00H
FFFFF233H A/D converter 0 channel specification register 2 ADOCH2 v v 00H
FFFFF240H A/DO conversion result expansion register 0 ADOECRO R v | 0000H
| FFFFF241H A/DO conversion result expansion register OH ADOECROH v 00H
FFFFF242H A/DO conversion result expansion register 1 ADOECR1 v | 0000H
| FFFFF243H A/DO conversion result expansion register 1H ADOECR1H v 00H
FFFFF244H A/DO conversion result expansion register 2 ADOECR2 v | 0000H
| FFFFF245H A/DO conversion result expansion register 2H ADOECR2H v 00H
FFFFF246H A/DO conversion result expansion register 3 ADOECR3 v | 0000H
| FFFFF247H A/DO conversion result expansion register 3H ADOECR3H N 00H
FFFFF248H A/DO conversion result expansion register 4 ADOECR4 \' | 0000H
| FFFFF249H A/DO conversion result expansion register 4H ADOECR4H N 00H
FFFFF254H A/D converter O flag register ADOFLG v 00H
FFFFF255H A/D converter 0 flag buffer register ADOFLGB N 00H
FFFFF260H Operational amplifier 0 control register 0 OPOCTLO R/W N 00H
FFFFF261H Comparator 0 control register 0 CMPOCTLO v 00H
FFFFF262H Comparator 0 control register 1 CMPOCTLA1 R N 00H
FFFFF263H Comparator 0 control register 2 CMPOCTL2 R/W v 00H
FFFFF264H Comparator 0 control register 3 CMPOCTL3 N 00H
FFFFF270H A/D converter 0 clock select register ADOOCKS v 00H
FFFFF274H A/D converter 1 clock select register AD10CKS N 00H
FFFFF278H Comparator output digital noise elimination register OL | CMPNFCOL N 00H
FFFFF27AH Comparator output digital noise elimination register OF | CMPNFCOF v 00H
FFFFF27CH Comparator output digital noise elimination register 1L | CMPNFC1L N 00H
FFFFF27EH Comparator output digital noise elimination register 1F | CMPNFC1F v 00H
FFFFF280H A/D1 conversion result register 0 AD1CRO R \' | 0000H
| FFFFF281H A/D1 conversion result register OH AD1CROH v 00H
FFFFF282H A/D1 conversion result register 1 AD1CR1 v | 0000H
| FFFFF283H A/D1 conversion result register 1H AD1CR1H N 00H
FFFFF284H A/D1 conversion result register 2 AD1CR2 \' | 0000H
| FFFFF285H A/D1 conversion result register 2H AD1CR2H N 00H
FFFFF286H A/D1 conversion result register 3 AD1CR3 \' | 0000H
| FFFFF287H A/D1 conversion result register 3H AD1CR3H N 00H
FFFFF288H A/D1 conversion result register 4 AD1CR4 \' | 0000H
| FFFFF289H A/D1 conversion result register 4H AD1CR4H y 00H
FFFFF28AH A/D1 conversion result register 5 AD1CR5 \' | 0000H
| FFFFF28BH | A/D1 conversion result register 5H AD1CR5H y 00H
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FFFFF28CH A/D1 conversion result register 6 AD1CR6 R v | 0000H
| FFFFF28DH | A/D1 conversion result register 6H AD1CR6H v 00H
FFFFF28EH A/D1 conversion result register 7 AD1CR7 \' | 0000H
| FFFFF28FH A/D1 conversion result register 7H AD1CR7H N 00H
FFFFF290H A/D1 conversion result register 8 AD1CR8 \' | 0000H
| FFFFF291H A/D1 conversion result register 8H AD1CR8H N 00H
FFFFF292H A/D1 conversion result register 9 AD1CR9 \' | 0000H
| FFFFF293H A/D1 conversion result register 9H AD1CR9H N 00H
FFFFF294H A/D1 conversion result register 10 AD1CR10 v | 0000H
| FFFFF295H A/D1 conversion result register 10H AD1CR10H v 00H
FFFFF296H A/D1 conversion result register 11 AD1CR11 v | 0000H
| FFFFF297H A/D1 conversion result register 11H AD1CR11H v 00H
FFFFF298H A/D1 conversion result register 12 AD1CR12 v | 0000H
| FFFFF299H A/D1 conversion result register 12H AD1CR12H v 00H
FFFFF29AH A/D1 conversion result register 13 AD1CR13 \' | 0000H
| FFFFF29BH A/D1 conversion result register 13H AD1CR13H N 00H
FFFFF29CH A/D1 conversion result register 14 AD1CR14 \' | 0000H
| FFFFF29DH | A/D1 conversion result register 14H AD1CR14H N 00H
FFFFF29EH A/D1 conversion result register 15 AD1CR15 \' | 0000H
| FFFFF29FH A/D1 conversion result register 15H AD1CR15H N 00H
FFFFF2A0H A/D converter 1 scan mode register AD1SCM R/wW v | 0000H
FFFFF2A0H | A/D converter 1 scan mode register L AD1SCML v v 00H
FFFFF2A1H | A/D converter 1 scan mode register H AD1SCMH NN 00H
FFFFF2A2H A/D converter 1 conversion time control register AD1CTC v v 00H
FFFFF2A4H A/D converter 1 conversion channel specification AD1CHEN \' | 0000H
register
FFFFF2A4H A/D converter 1 conversion channel specification AD1CHENL v N 00H
register L
FFFFF2A5H | A/D converter 1 conversion channel specification AD1CHENH v v 00H
register H
FFFFF2BOH A/D converter 1 control register AD1CTLO N 00H
FFFFF2B1H A/D converter 1 trigger select register AD1TSEL v v 10H
FFFFF2B2H A/D converter 1 channel specification register 1 AD1CH1 v v 00H
FFFFF2B3H A/D converter 1 channel specification register 2 AD1CH2 v v 00H
FFFFF2COH A/D1 conversion result expansion register 0 AD1ECRO R \' | 0000H
| FFFFF2C1H | A/D1 conversion result expansion register OH AD1ECROH N 00H
FFFFF2C2H A/D1 conversion result expansion register 1 AD1ECR1 \' | 0000H
| FFFFF2C3H | A/D1 conversion result expansion register 1H AD1ECR1H v 00H
FFFFF2C4H A/D1 conversion result expansion register 2 AD1ECR2 v | 0000H
| FFFFF2C5H | A/D1 conversion result expansion register 2H AD1ECR2H v 00H
FFFFF2C6H A/D1 conversion result expansion register 3 AD1ECRS3 v | 0000H
| FFFFF2C7H | A/D1 conversion result expansion register 3H AD1ECR3H v 00H
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FFFFF2C8H A/D1 conversion result expansion register 4 AD1ECR4 R v | 0000H
FFFFF2C9H | A/D1 conversion result expansion register 4H AD1ECR4H v 00H
FFFFF2D4H A/D converter 1 flag register AD1FLG v 00H
FFFFF2D5H A/D converter 1 flag buffer register AD1FLGB N 00H
FFFFF2EOH Operational amplifier 1 control register 0 OP1CTLO R/W v 00H
FFFFF2E1H Comparator 1 control register 0 CMP1CTLO v 00H
FFFFF2E2H Comparator 1 control register 1 CMP1CTLA1 R N 00H
FFFFF2E3H Comparator 1 control register 2 CMP1CTL2 R/W v 00H
FFFFF2E4H Comparator 1 control register 3 CMP1CTL3 v 00H
FFFFF2FOH A/D trigger falling edge specification register ADTF v N 00H
FFFFF2F2H A/D trigger rising edge specification register ADTR v v 00H
FFFFF2F4H Comparator output interrupt falling edge specification | CMPOF NN 00H
register
FFFFF2F6H Comparator output interrupt rising edge specification | CMPOR v v 00H
register
FFFFF2F8H A/DLDTRGH1 input select register ADLTSH1 v 00H
FFFFF2FAH A/DLDTRG2 input select register ADLTS2 N 00H
FFFFF310H Digital noise elimination 0 control register 00 INTNFCO00 v 00H
FFFFF312H Digital noise elimination 0 control register 01 INTNFCO1 N 00H
FFFFF314H Digital noise elimination 0 control register 02 INTNFCO02 v 00H
FFFFF318H Digital noise elimination 0 control register 17 INTNFC17 N 00H
FFFFF31AH Digital noise elimination 0 control register 18 INTNFC18 v 00H
FFFFF31CH Digital noise elimination 0 control register 19 INTNFC19 N 00H
FFFFF340H DMA wait control register 0 DMAWCO v v 37H
FFFFF342H DMA wait control register 1 DMAWC1 \ y 07H
FFFFF3AOH Port DL function control register PFCDL \' | 0000H
FFFFF3AOH | Port DL function control register L PFCDLL NN 00H
FFFFF3A1H | Port DL function control register H PFCDLH v v 00H
FFFFF3COH Port DL function control expansion register PFCEDL \' | 0000H
FFFFF3COH | Port DL function control expansion register L PFCEDLL v v 00H
FFFFF3C1H | Port DL function control expansion register H PFCEDLH v v 00H
FFFFF400H Port 0 register PO v v Undefined
FFFFF402H | Port 1 register P1 VN Undefined
FFFFF404H Port 2 register P2 v v Undefined
FFFFF406H Port 3 register P3 v N Undefined
FFFFF408H Port 4 register P4 v v Undefined
FFFFF40AH Port 5 register P5 v N Undefined
FFFFF412H Port 9 register pg"e v v Undefined
FFFFF420H Port 0 mode register PMO v N FFH
FFFFF422H Port 1 mode register PM1 v v FFH
FFFFF424H Port 2 mode register PM2 v N FFH
FFFFF426H Port 3 mode register PM3 v v FFH
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FFFFF428H Port 4 mode register PM4 RW | y FFH
FFFFF42AH Port 5 mode register PM5 v v FFH
FFFFF432H Port 9 mode register PMO"* y y FFH
FFFFF440H Port 0 mode control register PMCO v v 00H
FFFFF442H Port 1 mode control register PMC1 \ y 00H
FFFFF444H Port 2 mode control register PMC2 v v 00H
FFFFF446H Port 3 mode control register PMC3 \ y 00H
FFFFF448H Port 4 mode control register PMC4 v v 00H
FFFFF44AH Port 5 mode control register PMC5 v N 00H
FFFFF452H Port 9 mode control register PMC9™* v v 00H
FFFFF460H Port 0 function control register PFCO \ y 00H
FFFFF462H Port 1 function control register PFC1 v v 00H
FFFFF464H Port 2 function control register PFC2 \ y 00H
FFFFF466H Port 3 function control register PFC3 v v 00H
FFFFF468H Port 4 function control register PFC4 \ y 00H
FFFFF46AH Port 5 function control register PFC5 v v 00H
FFFFF480H Bus cycle type configuration register 0 BCTO N | CCCCH
FFFFF484H Data wait control register 0 DWCO N | 7777H
FFFFF488H Address wait control register AWC N | FFFFH
FFFFF48AH Bus cycle control register BCC v | AAAAH
FFFFF48EH Bus clock division control register DVC N 83H
FFFFF540H TMMO control register 0 TMOCTLO v 00H
FFFFF544H TMMO compare register 0 TMOCMPO v | 0000H
FFFFF550H TMM1 control register 0 TM1CTLO v v 00H
FFFFF554H TMM1 compare register 0 TM1CMPO v | 0000H
FFFFF560H TMM2 control register 0 TM2CTLO v v 00H
FFFFF564H TMM2 compare register 0 TM2CMPO N | 0000H
FFFFF570H TMMS3 control register 0 TM3CTLO v v 00H
FFFFF574H TMMS3 compare register 0 TM3CMPO N | 0000H
FFFFF580H TMTO control register 0 TTOCTLO v N OOH
FFFFF581H TMTO control register 1 TTOCTLA \ y 00H
FFFFF582H TMTO control register 2 TTOCTL2 v v 00H
FFFFF583H TMTO I/O control register 0 TTOIOCO \ y 00H
FFFFF584H TMTO /O control register 1 TTOIOCH v N OOH
FFFFF585H TMTO I/O control register 2 TTOIOC2 \ y 00H
FFFFF586H TMTO I/O control register 3 TT0IOC3 v N OOH
FFFFF587H TMTO option register 0 TTOOPTO \ y 00H
FFFFF588H TMTO option register 1 TTOOPT1 v N OOH
FFFFF58AH TMTO capture/compare register 0 TTOCCRO v | 0000H
FFFFF58CH TMTO capture/compare register 1 TTOCCR1 0000H
Note V850E/IH4-H only
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FFFFF58EH TMTO counter read buffer register TTOCNT R 0000H
FFFFF590H TMTO counter write register TTOTCW R/W 0000H
FFFFF5A0H Digital noise elimination 2 control register 0 TTNFCO N 00H
FFFFF5A2H Digital noise elimination 2 control register 1 TTNFCA v 00H
FFFFF5A4H TMTO capture input select register TTISLO N Undefined
FFFFF5A6H TMT1 capture input select register TTISL1 N Undefined
FFFFF5COH TMT1 control register 0 TT1CTLO NN 00H
FFFFF5C1H TMT1 control register 1 TT1CTLA v N 00H
FFFFF5C2H TMT1 control register 2 TT1CTL2 NN 00H
FFFFF5C3H TMT1 1/O control register 0 TT110CO v N OOH
FFFFF5C4H TMT1 I/O control register 1 TT1I0CH NN 00H
FFFFF5C5H TMT1 1/O control register 2 TT110C2 v N OOH
FFFFF5C6H TMT1 I/O control register 3 TT110C3 NN 00H
FFFFF5C7H TMT1 option register 0 TT10PTO v N OOH
FFFFF5C8H TMT1 option register 1 TT10PT1 NN 00H
FFFFF5CAH TMT1 capture/compare register 0 TT1CCRO v | 0000H
FFFFF5CCH TMT1 capture/compare register 1 TT1CCR1 v | 0000H
FFFFF5CEH TMT1 counter read buffer register TT1CNT R \' | 0000H
FFFFF5DOH TMT1 counter write register TT1TCW R/W \' | 0000H
FFFFF5EQH TABO control register 0 TABOCTLO v v 00H
FFFFF5E1H TABO control register 1 TABOCTLA1 NN 00H
FFFFF5E2H TABO /O control register 0 TABOIOCO v N OOH
FFFFF5E3H TABO I/O control register 1 TABOIOC NN 00H
FFFFF5E4H TABO /O control register 2 TABOIOC2 v N OOH
FFFFF5E5H TABO option register 0 TABOOPTO NN 00H
FFFFF5E6H TABO capture/compare register 0 TABOCCRO v | 0000H
FFFFF5E8H TABO capture/compare register 1 TABOCCR1 v | 0000H
FFFFF5EAH TABO capture/compare register 2 TABOCCR2 v | 0000H
FFFFF5ECH TABO capture/compare register 3 TABOCCR3 v | 0000H
FFFFF5EEH TABO counter read buffer register TABOCNT R \' | 0000H
FFFFF600H TABO option register 1 TABOOPTH RW | N OOH
FFFFF601H TABO option register 2 TABOOPT2 v v 00H
FFFFF602H TABO I/O control register 3 TABOIOC3 v N A8H
FFFFF603H TABO option register 3 TABOOPT3 v v 00H
FFFFF604H TABO deadtime compare register TABODTC v | 0000H
FFFFF610H High-impedance output control register 00 HZAOCTLO v v 00H
FFFFF611H High-impedance output control register 01 HZAOCTL1 v N 00H
FFFFF618H High-impedance output control register 10 HZA1CTLO"™™ v v 00H
FFFFF619H High-impedance output control register 11 HZA1CTL1™ v N 00H
FFFFF620H TABH1 control register 0 TAB1CTLO v v 00H
Note VB850E/IH4-H only
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FFFFF621H TAB1 control register 1 TAB1CTLA R/W v N 00H
FFFFF622H TAB1 I/O control register 0 TAB110CO v v 00H
FFFFF623H TAB1 I/O control register 1 TAB1l0C1"™" v N 00H
FFFFF624H TAB1 1/O control register 2 TAB1I0C2 v N OOH
FFFFF625H TAB1 option register 0 TAB10OPTO NN 00H
FFFFF626H TAB1 capture/compare register 0 TAB1CCRO v | 0000H
FFFFF628H TAB1 capture/compare register 1 TAB1CCR1 v | 0000H
FFFFF62AH TAB1 capture/compare register 2 TAB1CCR2 v | 0000H
FFFFF62CH TAB1 capture/compare register 3 TAB1CCR3 v | 0000H
FFFFF62EH TAB1 counter read buffer register TAB1CNT R \' | 0000H
FFFFF640H TAB1 option register 1 TAB1OPT1™ | RW | N | 00H
FFFFF641H TAB1 option register 2 TAB1OPT2"™" v v 00H
FFFFF642H TAB1 I/O control register 3 TAB1l0C3"™* v N A8H
FFFFF643H TAB1 option register 3 TAB1OPT3"™" \ y 00H
FFFFF644H TAB1 deadtime compare register TAB1DTC"™ v | 0000H
FFFFF650H High-impedance output control register 20 HZA2CTLO v N 00H
FFFFF651H High-impedance output control register 21 HZA2CTL1 v v 00H
FFFFF658H High-impedance output control register 30 HZA3CTLO"™™ v N 00H
FFFFF659H High-impedance output control register 31 HZA3CTL1"" v N OO0H
FFFFF660H TAAO control register 0 TAAOCTLO v N 00H
FFFFF661H TAAO control register 1 TAAOCTLA v v 00H
FFFFF662H TAAO I/O control register 0 TAA0IOCO v N 00H
FFFFF665H TAAO option register 0 TAAOOPTO v v 00H
FFFFF666H TAAO capture/compare register 0 TAAOCCRO 0000H
FFFFF668H TAAO capture/compare register 1 TAAOCCR1 \' | 0000H
FFFFF66AH TAAO counter read buffer register TAAOCNT R v | 0000H
FFFFF680H TAA1 control register 0 TAA1CTLO R/W v N 00H
FFFFF681H TAA1 control register 1 TAA1CTL1 v v 00H
FFFFF682H TAAT1 I/O control register 0 TAA1I0CO v N 00H
FFFFF685H TAA1 option register 0 TAA10OPTO v v 00H
FFFFF686H TAA1 capture/compare register 0 TAA1CCRO v | 0000H
FFFFF688H TAA1 capture/compare register 1 TAA1CCR1 \' | 0000H
FFFFF68AH TAAT1 counter read buffer register TAA1CNT R v | 0000H
FFFFF6AO0H TAA2 control register 0 TAA2CTLO RW | + v 00H
FFFFF6ATH TAA2 control register 1 TAA2CTLA1 NN 00H
FFFFF6A2H TAA2 I/O control register 0 TAA210CO v v 00H
FFFFF6A3H TAA2 I/O control register 1 TAA2I0OCH NN 00H
FFFFF6A4H TAA2 |/O control register 2 TAA2I0C2 v N 00H
FFFFF6A5H TAA2 option register 0 TAA20PTO v v 00H
FFFFF6A6H TAA2 capture/compare register 0 TAA2CCRO v | 0000H
Note VB850E/IH4-H only
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FFFFF6A8H TAA2 capture/compare register 1 TAA2CCR1 R/W 0000H
FFFFF6AAH TAA2 counter read buffer register TAA2CNT R 0000H
FFFFF6COH Oscillation stabilization time select register OSTS R/W N 05H
FFFFF6DOH Watchdog timer mode register WDTM v 67H
FFFFF6D1H Watchdog timer enable register WDTE N 1AH
FFFFF700H Port 0 function control expansion register PFCEOQ v N 00H
FFFFF702H Port 1 function control expansion register PFCET1 v v 00H
FFFFF704H Port 2 function control expansion register PFCE2 v N 00H
FFFFF706H Port 3 function control expansion register PFCE3 v v 00H
FFFFF708H Port 4 function control expansion register PFCE4 v N 00H
FFFFF70AH Port 5 function control expansion register PFCE5 v v 00H
FFFFF780H TMT2 control register 0 TT2CTLO RW | v | 00H
FFFFF781H TMT2 control register 1 TT2CTLA v v 00H
FFFFF783H TMT2 I/O control register 0 TT210C0 N 00H
FFFFF784H TMT2 I/O control register 1 TT210CH v v 00H
FFFFF785H TMT2 I/O control register 2 TT210C2 v N 00H
FFFFF787H TMT2 option register 0 TT20PTO v v 00H
FFFFF78AH TMT2 capture/compare register 0 TT2CCRO \' | 0000H
FFFFF78CH TMT2 capture/compare register 1 TT2CCR1 v | 0000H
FFFFF78EH TAA2 counter read buffer register TT2CNT R \' | 0000H
FFFFF7AOH Digital noise elimination 3 control register 2 TTNFC2 R/W N 00H
FFFFF7A2H Digital noise elimination 3 control register 3 TTNFC3 v 00H
FFFFF7COH TMT3 control register 0 TT3CTLO NN 00H
FFFFF7C1H TMT3 control register 1 TT3CTLA v v 00H
FFFFF7C3H TMT3 I/O control register 0 TT3I0CO NN 00H
FFFFF7C4H TMT3 I/O control register 1 TT3I0CH v v 00H
FFFFF7C5H TMT3 I/O control register 2 TT3I0C2 NN 00H
FFFFF7C7H TMT3 option register 0 TT30PTO v v 00H
FFFFF7CAH TMTS3 capture/compare register 0 TT3CCRO v | 0000H
FFFFF7CCH TMTS3 capture/compare register 1 TT3CCR1 v | 0000H
FFFFF7CEH TMTS3 counter read buffer register TT3CNT R 0000H
FFFFF802H System status register SYS RW | + N 00H
FFFFF820H Power save mode register PSMR v N OOH
FFFFF828H Processor clock control register PCC v N 03H
FFFFF82CH PLL control register PLLCTL v N 01H
FFFFF870H Clock monitor mode register CLM v N 00H
FFFFF888H Reset source flag register RESF v v 00H/10H/01H
FFFFF890H Low-voltage detection register LVIM v N 00H
FFFFF891H Low-voltage detection level select register LVIS v 00H
FFFFFAOOH UARTAO control register 0 UAOCTLO NN 10H
FFFFFAO1H UARTAQO control register 1 UAOCTLA1 v 00H
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FFFFFAO2H UARTAO control register 2 UAOCTL2 R/W y FFH
FFFFFAO3H UARTAO option control register 0 UAOOPTO v v 14H
FFFFFAQ4H UARTAO status register UAOSTR v N 00H
FFFFFAO6H UARTAQO receive data register UAORX R v FFH
FFFFFAO7H UARTAQO transmit data register UAOTX R/W N FFH
FFFFFA10H UARTAT1 control register 0 UA1CTLO v N 10H
FFFFFA11H UARTAT1 control register 1 UA1CTLA1 v 00H
FFFFFA12H UARTAT1 control register 2 UA1CTL2 N FFH
FFFFFA13H UARTAT1 option control register 0 UA10PTO v v 14H
FFFFFA14H UARTA1 status register UA1STR NN 00H
FFFFFA16H UARTAT1 receive data register UA1RX R v FFH
FFFFFA17H UARTAT1 transmit data register UA1TX R/wW y FFH
FFFFFA20H UARTA2 control register 0 UA2CTLO v v 10H
FFFFFA21H UARTAZ2 control register 1 UA2CTL1 y 00H
FFFFFA22H UARTA2 control register 2 UA2CTL2 v FFH
FFFFFA23H UARTA2 option control register 0 UA20PTO NN 14H
FFFFFA24H UARTA2 status register UA2STR v v 00H
FFFFFA26H UARTA2 receive data register UA2RX R v FFH
FFFFFA27H UARTAZ2 transmit data register UA2TX R/W N FFH
FFFFFA40H UARTB control register 0 UBCTLO NN 10H
FFFFFA42H UARTB control register 2 UBCTL2 N | FFFFH
FFFFFA44H UARTB status register UBSTR v N OO0H
FFFFFA46H UARTB receive data register AP UBRXAP R N | 0OFFH
FFFFFA46H UARTB receive data register UBRX v FFH
FFFFFA48H UARTB transmit data register UBTX w N FFH
FFFFFA4AH UARTBFIFO control register 0 UBFICO RW | + v 00H
FFFFFA4BH UARTBFIFO control register 1 UBFICT NN 00H
FFFFFA4CH UARTBFIFO control register 2 UBFIC2 \' | 0000H
FFFFFA4CH | UARTBFIFO control register 2L UBFIC2L y 00H
FFFFFA4DH | UARTBFIFO control register 2H UBFIC2H y 00H
FFFFFA4EH UARTBFIFO status register 0 UBFISO R v 00H
FFFFFA4FH UARTBFIFO status register 1 UBFIS1 y 10H
FFFFFBOOH D/A converter 0 conversion value setting register 0 DAOCSO0 R/W N O00H
FFFFFBO1H D/A converter 0 conversion value setting register 1 DAOCSH1 N 00H
FFFFFBO2H D/A converter 0 mode register DAOM v v 00H
FFFFFB10H D/A converter 1 conversion value setting register 0 DA1CS0 N 00H
FFFFFB11H D/A converter 1 conversion value setting register 1 DA1CSH1 v 00H
FFFFFB12H D/A converter 1 mode register DA1M NN 00H
FFFFFB40H Digital noise elimination 1 control register 2 TANFC2 v 00H
FFFFFB8OH A/D converter 2 mode register 0 AD2MO NN 00H
FFFFFB81H A/D converter 2 mode register 1 AD2M1 v v 00H
FFFFFB82H A/D converter 2 channel specification register AD2S v v 00H
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Address Function Register Name Symbol R/W Bit Units for After Reset
Manipulation
1 8 16

FFFFFB90OH A/D2 conversion result register O AD2CRO R 0000H
‘ FFFFFB91H | A/D2 conversion result register OH AD2CROH v 00H
FFFFFB92H A/D2 conversion result register 1 AD2CR1 v | 0000H
‘ FFFFFB93H | A/D2 conversion result register 1H AD2CR1H v 00H
FFFFFB94H A/D2 conversion result register 2 AD2CR2 v | 0000H
‘ FFFFFB95H | A/D2 conversion result register 2H AD2CR2H v 00H
FFFFFB96H A/D2 conversion result register 3 AD2CR3 v | 0000H
‘ FFFFFB97H | A/D2 conversion result register 3H AD2CR3H v 00H
FFFFFB98H A/D2 conversion result register 4 AD2CR4 v | 0000H
‘ FFFFFB99H | A/D2 conversion result register 4H AD2CR4H v 00H
FFFFFB9AH A/D2 conversion result register 5 AD2CR5 v | 0000H
‘ FFFFFB9BH | A/D2 conversion result register 5H AD2CR5H v 00H
FFFFFBI9CH A/D2 conversion result register 6 AD2CR6 v | 0000H
‘ FFFFFBODH | A/D2 conversion result register 6H AD2CR6H v 00H
FFFFFB9EH A/D2 conversion result register 7 AD2CR7 v | 0000H
‘ FFFFFBOFH | A/D2 conversion result register 7H AD2CR7H v 00H
FFFFFBAOH A/D2 conversion result register 8 AD2CR8 v | 0000H
‘ FFFFFBA1H | A/D2 conversion result register 8H AD2CR8H v 00H
FFFFFBA2H A/D2 conversion result register 9 AD2CR9 v | 0000H
‘ FFFFFBA3H | A/D2 conversion result register 9H AD2CR9H v 00H
FFFFFBA4H A/D2 conversion result register 10 AD2CR10 v | 0000H
‘ FFFFFBA5SH | A/D2 conversion result register 10H AD2CR10H v 00H
FFFFFBA6H A/D2 conversion result register 10 AD2CR10 v | 0000H
‘ FFFFFBA7H | A/D2 conversion result register 11H AD2CR11H v 00H
FFFFFBBOH Port 7 register L P7L v N Undefined
FFFFFBB1H Port 7 register H P7H v v Undefined
FFFFFBB8H Port 7 mode control register L PMC7L RW | v | 00H
FFFFFBBOH Port 7 mode control register H PMC7H v v 00H
FFFFFCOOH External interrupt falling edge specification register 0 | INTFO v N 00H
FFFFFCO2H External interrupt falling edge specification register 1 | INTF1 v v 00H
FFFFFCO4H External interrupt falling edge specification register 2 | INTF2 v N 00H
FFFFFCO6H External interrupt falling edge specification register 3 | INTF3 v v 00H
FFFFFC20H External interrupt rising edge specification register 0 | INTRO v N 00H
FFFFFC22H External interrupt rising edge specification register 1 INTR1 v v 00H
FFFFFC24H External interrupt rising edge specification register 2 | INTR2 v N 00H
FFFFFC26H External interrupt rising edge specification register 3 | INTR3 v v 00H
FFFFFC40H Pull-up resistor option register O PUO v N 00H
FFFFFC42H Pull-up resistor option register 1 PU1 v v 00H
FFFFFC44H Pull-up resistor option register 2 PU2 v N 00H
FFFFFC46H Pull-up resistor option register 3 PU3 v N OOH
FFFFFC48H Pull-up resistor option register 4 PU4 v N O0H
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Address Function Register Name Symbol R/W Bit Units for After Reset
Manipulation
1 8 16

FFFFFC4AH Pull-up resistor option register 5 PU5 RW | N O0H
FFFFFC52H Pull-up resistor option register 9 PU9"™ v N OO0H
FFFFFC66H Port 3 function register PF3 v N 00H
FFFFFDOOH CSIFO control register 0 CFOCTLO v v 01H
FFFFFDO1H CSIFO control register 1 CFOCTLA1 NN 00H
FFFFFDO2H CSIFO0 control register 2 CFOCTL2 v 00H
FFFFFDO3H CSIFO status register CFOSTR NN 00H
FFFFFDO4H CSIFO receive data register CFORX R \' | 0000H
‘ FFFFFDO4H | CSIFO receive data register L CFORXL N 00H
FFFFFDO6H CSIFO0 transmit data register CFOTX R/W \' | 0000H
‘ FFFFFDO6H | CSIFO transmit data register L CFOTXL N 00H
FFFFFD10H CSIF1 control register 0 CF1CTLO v v 01H
FFFFFD11H CSIF1 control register 1 CF1CTLA1 NN 00H
FFFFFD12H CSIF1 control register 2 CF1CTL2 v 00H
FFFFFD13H CSIF1 status register CF1STR NN 00H
FFFFFD14H CSIF1 receive data register CF1RX R \' | 0000H
‘ FFFFFD14H | CSIF1 receive data register L CF1RXL N 00H
FFFFFD16H CSIF1 transmit data register CF1TX R/W \' | 0000H
‘ FFFFFD16H | CSIF1 transmit data register L CF1TXL N 00H
FFFFFD20H CSIF2 control register 0 CF2CTLO v v 01H
FFFFFD21H CSIF2 control register 1 CF2CTLA1 v N 00H
FFFFFD22H CSIF2 control register 2 CF2CTL2 v 00H
FFFFFD23H CSIF2 status register CF2STR v N 00H
FFFFFD24H CSIF2 receive data register CF2RX R v | 0000H
‘ FFFFFD24H | CSIF2 receive data register L CF2RXL N 00H
FFFFFD26H CSIF2 transmit data register CF2TX R/W v | 0000H
‘ FFFFFD26H | CSIF2 transmit data register L CF2TXL N 00H
FFFFFD80H IIC shift register 0 1ICO v 00H
FFFFFD82H IIC control register 0 1ICCo N 00H
FFFFFD83H Slave address register 0 SVAO v 00H
FFFFFD84H IIC clock select register 0 lICCLO N 00H
FFFFFD85H IIC function expansion register 0 IICX0 v v 00H
FFFFFD86H IIC status register 0 1ICS0 R v N OOH
FFFFFD8AH IIC flag register O IICFO RW | + N 00H
FFFFFD90H IIC OPS clock select register IICOCKS N 00H
FFFFFEOOH High-impedance output control register 40 HZA4CTLO v v 00H
FFFFFEO1H High-impedance output control register 41 HZA4CTL1"" v N 00H
FFFFFEO8H High-impedance output control register 50 HZA5CTLO v v 00H
FFFFFEO9H High-impedance output control register 51 HZA5CTL1"" v N O0H
FFFFFE10H High-impedance output control register 60 HZA6CTLO v v 00H
Note VB850E/IH4-H only
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Address Function Register Name Symbol R/W Bit Units for After Reset
Manipulation
1 8 16
FFFFFE11H High-impedance output control register 61 HZA6CTLA R/W v N 00H
FFFFFE18H High-impedance output control register 70 HZA7CTLO™™ v N OOH
FFFFFE19H High-impedance output control register 71 HZA7CTLAM" v N 00H
FFFFFE20H High-impedance output control register 80 HZA8CTLO v v 00H
FFFFFE21H High-impedance output control register 81 HZA8CTL1"" v N 00H
FFFFFE28H High-impedance output control register 90 HZA9CTLO v v 00H
FFFFFE29H High-impedance output control register 91 HZA9CTL1"" v N 00H
FFFFFE30H High-impedance output control register 100 HZA10CTLO v v 00H
FFFFFE31H High-impedance output control register 101 HZA10CTL1 v N 00H
FFFFFE38H High-impedance output control register 110 HZA11CTLO™ v v 00H
FFFFFE39H High-impedance output control register 111 HZA11CTL1™™ v N 00H
FFFFFE40H High-impedance output control register 120 HZA12CTLO v v 00H
FFFFFE41H High-impedance output control register 121 HZA12CTL1"" v N 00H
FFFFFF44H Pull-up resistor option register DL PUDL \' | 0000H
FFFFFF44H Pull-up resistor option register DLL PUDLL v N 00H
FFFFFF45H | Pull-up resistor option register DLH PUDLH v v 00H
FFFFFE80H USB clock selection register UCKSEL v N 00H
FFFFFE81H USB function control register UFCTL v v 03H
Note VB850E/IH4-H only
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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 V850E/IG4-H and V850E/IH4-H have the following five special registers.

Power save control register (PSC)

Processor clock control register (PCC)

Reset source flag register (RESF)

Clock monitor mode register (CLM)
Low-voltage detection register (LVIM)

In addition, a command register (PRCMD) 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 system status register
(SYS).
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(1) Setting data to special registers
Set data to the special registers in the following sequence.

<1> Prepare data to be set to the special register in a general-purpose register.
<2> Write the data prepared in <1> to the command register.

<3> 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)
(<4> to <8> Insert NOP instructions (5 instructions).)"*

[Example] With PSC register (setting standby mode)

ST.B rll, PSMR[r0] ; Set PSMR register (setting IDLE and STOP modes).
<1>MOV 0x02, rl0
<2>ST.B rl10, PRCMD[r0] ; Write PRCMD register.

<3>ST.B rl0, PSC[r0] ; Set PSC register.
<4>Nop"*® ; Dummy instruction
<5>NOP"*® ; Dummy instruction
<6>NOP"**® ; Dummy instruction
<7>Nop"*® ; Dummy instruction
<8>NOP"*® ; Dummy instruction

(next instruction)

There is no special sequence to read a special register.

Note Five NOP instructions or more must be inserted immediately after setting the IDLE mode or STOP
mode (by setting the PSC.STB bit to 1).

Cautions 1.

3.

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 <2> and <3> above are
performed by successive store instructions. If another instruction is placed between
<2> and <3>, 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 command register, use the same general-
purpose register used to set the special register (<3> in Example) by using the store
instruction to write data to the command register (<2> in Example). The same applies
when a general-purpose register is used for addressing.

An example of setting the special register (<3> in Example) by using the bit
manipulation instruction is shown below.

CLR1 4, RESF[r0]

Before executing this processing, terminate all DMA transfer operations.
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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 loop. 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.
An illegal write operation to a special register can be checked by using the SYS.PRERR bit.
The PRCMD register is write-only, in 8-bit units (undefined data is read when this register is read).
Reset makes this register undefined.

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.
If this register is not written in the correct sequence including an access to the PRCMD register, data is not
written to the intended register, a protection error occurs, and the PRERR flag is set. This register is cleared
by writing “0” to it by an instruction from CPU.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF802H

7 6 5 1 <0>
sys | o | o | o | o | o | o | o |[PrERR|
PRERR Protection error detection
0 Protection error did not occur.
1 Protection error occurred.

The PRERR flag operates under the following conditions.

(a) Set condition (PRERR flag = 1)
¢ When data is written to a special register without writing anything to the PRCMD register (when <3> is
executed without executing <2> in 3.4.8 (1) Setting data to special registers)
e When data is written to an on-chip peripheral 1/O register other than a special register (including
execution of a bit manipulation instruction) after writing data to the PRCMD register (if <3> 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 (excluding execution of a bit manipulation
instruction) between a write access to the PRCMD register and a write access to a special
register (such as an access to the internal RAM), the PRERR flag is not set and data can be
written to the special register.

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

Cautions 1. If 0 is written to the SYS.PRERR bit 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.

RO1UHO306EJ0300 Rev.3.00 "z
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3.4.9 System wait control register (VSWC)

The VSWC register is a register that controls the bus access wait for the on-chip peripheral I/O registers.

Access to on-chip peripheral 1/O registers of the V850E1 CPU core is basically made in 3 clocks; however, in the
V850E/IG4-H and V850E/IH4-H, a wait set by the VSWC register is required in addition to those 3 clocks. Set 12H
(set wait for 3 clocks) to VSWC.

This register can be read or written in 8-bit units (address: FFFFFOBEH, initial value: 77H).

CPU Clock Frequency (fcpu) VSWC Set Value

1.25 MHz < fcpu < 100 MHz 12H

Caution When using the V850E/IG4-H or V850E/IH4-H, the VSWC register must be set first.
Set other registers if necessary after setting the VSWC register.

Remark When a register includes status flags that indicate the statuses of the on-chip peripheral functions
(such as UANSTR) or a register that indicates the count value of a timer (such as TAANCNT) is
accessed, a register access retry operation takes place if the timing at which the flag and count value
changes and the timing of the register access overlap. Consequently, access to the on-chip
peripheral I/O register may take a long time.

3.4.10 DMA wait control registers 0, 1 (DMAWCO0, DMAWC1)
Set the DMAWCN registers to the following values:

DMAWCO register value: 12H
DMAWCH1 register value: 00H

This registers can be read or written in 8-bit units.

Register Name Address Initial Value
DMAWCO register FFFFF340H 37H
DMAWCH register FFFFF342H 07H
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CHAPTER 4 PORT FUNCTIONS

41 Features
4.1.1 VS850E/IG4-H

O Input-only ports: 12
I/O ports: 51

O Input data read/output data write is enabled in 1-bit units.

O On-chip pull-up resistor can be connected in 1-bit units (ports 0 to 5 and DL only).
However, an on-chip pull-up resistor can only be connected when the pins are in input mode in the port mode,
or when the pins function as input pins in the alternate-function mode. An on-chip pull-up resistor can also be
connected to the TOT21, TOT31, TOBOT1 to TOBOT3, TOBOB1 to TOBOB3, TOB1T3, and TOB1B3 pins, which
function as output pins in the alternate-function mode, when these pins go into a high-impedance state due to
a signal input to the TOT20FF, TOT30FF, TOBOOFF, TOB10OFF, or TOBO10OFF pin or software processing.

4.1.2 V850E/IH4-H

O Input-only ports: 12
I/O ports: 68

O Input data read/output data write is enabled in 1-bit units.

O On-chip pull-up resistor can be connected in 1-bit units (ports 0 to 5, 9 and DL only).
However, an on-chip pull-up resistor can only be connected when the pins are in input mode in the port mode,
or when the pins function as input pins in the alternate-function mode. An on-chip pull-up resistor can also be
connected to the TOT21, TOT31, TOBOT1 to TOBOT3, TOBOB1 to TOBOB3, TOB1T1 to TOB1T3, and
TOB1B1 to TOB1B3 pins, which function as output pins in the alternate-function mode, when these pins go
into a high-impedance state due to a signal input to the TOT20FF, TOT30FF, TOBOOFF, TOB10OFF, or

TOBO10FF pin or software processing.
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4.2 Port Configuration

4.2.1 V850E/IG4-H

The V850E/IG4-H incorporates a total of 63 input/output ports (including 12 input-only ports) labeled ports 0 to 5,
7, and DL. The port configuration is shown in Figure 4-1.

There are three power supply systems for the I/O buffer of a pin: AVop2, EVbpo, EVbp1, EVbb2, and UVob. The
relationship between each of these power supplies and the pin is shown in Table 4-1.

Figure 4-1. Port Configuration

-—— 1 P00 P40 [~—
1 1
Port 0 ' : Port 4
1
- . P07 P44 [~——
-— P10 P50 [«—
1 1
Port 1 X X Port 5
1 1
- P16 P52 |[=—
- P24 P70 |=—
1 1
Port 2 X X Port 7
1 1
-~ P27 P711 [*=——
- P30 PDLO f[+—=
1 1
Port 3 ' X Port DL
1 1
-— P37 PDL15 [«—

Table 4-1. Power Supplies for I/O Buffer of Each Pin

Power Supply Corresponding Pins

AVop2 P70 to P711

EVopo, EVop1, EVop2 | P00 to P07, P10 to P16, P24 to P27, P30 to P37, P40 to P44, P50 to P52, PDLO to
PDL15, RESET, DCK, DDI, DDO, DMS, DRST

UVop UDMF, UDPF
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4.2.2 V850E/IH4-H

The V850E/IH4-H incorporates a total of 80 input/output ports (including 12 input-only ports) labeled ports 0 to 5,
7,9, and DL. The port configuration is shown in Figure 4-2.

There are three power supply systems for the 1/0O buffer of a pin: AVbb2, EVooo, EVop1, EVop2, EVops, and UVob.
The relationship between each of these power supplies and the pin is shown in Table 4-2.

Figure 4-2. Port Configuration

-~ P0OO P40 [=—
1 1
Port 0 ' | Port 4
1
S P07 P44 [~——
-~ P10 P50 [+~
1 1
Port 1 X X Port 5
1 1
-~ P17 P56 [+—
-~ P20 P70 [«~—
1 1
Port 2 X X Port 7
1 1
-~ P27 P711 [+
-— | P30 P90 |~—
1 1
Port 3 ' : Port 9
1 1
~— P37 P97 f—
PDLO [+—™
1
X Port DL
1
PDL15 [=—=
Table 4-2. Power Supplies for I/O Buffer of Each Pin
Power Supply Corresponding Pins
AVbp2 P70 to P711
EVobo, EVop1, P00 to P07, P10 to P17, P20 to P27, P30 to P37, P40 to P44, P50 to P56, P90 to
EVob2, EVops P97, PDLO to PDL15, RESET, DCK, DDI, DDO, DMS, DRST, TRCCLK, TRCDATAO
to TRCDATA3, TRCEND
UVop UDMF, UDPF
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4.3 Port Configuration

Table 4-3. Port Configuration (V850E/IG4-H)

Item

Configuration

Control registers

Port n register (Pn:n=0to 5, 7, DL)

Port n mode register (PMn:n =0 to 5, DL)

Port n mode control register (PMCn:n=0to 5, 7, DL)

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

Port n function control expansion register (PFCEn: n = 0 to 5, DL)
Pull-up resistor option register (PUn: n =0 to 5, DL)

Port 3 function register (PF3)

Ports

Input-only: 12, I/O: 51

Pull-up resistor

Software control: 51

Table 4-4. Port Configuration (V850E/IH4-H)

ltem

Configuration

Control registers

Port n register (Pn:n=010 5, 7, 9, DL)

Port n mode register (PMn: n=01t0 5, 9, DL)

Port n mode control register (PMCn: n=01t0 5, 7, 9, DL)

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

Port n function control expansion register (PFCEn: n =0 to 5, DL)
Pull-up resistor option register (PUn: n=0t0 5, 9, DL)

Port 3 function register (PF3)

Ports

Input-only: 12, I/0: 68

Pull-up resistor

Software control: 68
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(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: Undefined R/W

7 6 5 7 3 2 1 0
Pn | Pi7 | Pn6 | Pns | Pna | Pn3 | P2 | Pt | Pno |
Pnm Control of output data (in output mode)
0 Output 0.
1 Output 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"*".

Notes 1. The value written to the output latch is retained until a new value is written to the output latch.
2. Also, the value of the Pn register is read when the PMn register is in the output mode while the
alternate function is set.
3. If the PMn register is in the input mode while the alternate function is set, the statuses of the pins at
that time are read regardless of whether the alternate function is an input or output function.
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)

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 | PMn5 | PMn4 | PMn3 | PMn2 | PMn1 | PMmno |

PMnm Control of /0 mode

0 Output mode

1 Input mode

(©)

Port n mode control register (PMCn)
The PMChn 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: 0OH R/W

7 6 5 4 3 2 1 0
PMCn | Pmcn7 | PMCn6 | PMCns | PMCn4 | PMCn3 | PMCn2 | PMCnt | PMCno |

PMCnm Specification of operating mode

0 Port mode

1 Alternate function

(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: 00H R/W

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

PFCnm Specification of alternate function
0 Alternate function 1
1 Alternate function 2
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(5) Port n function control expansion register (PFCEn)
The PFCEn 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: 00H R/W

7 6 5 4 3 2 1 0
PFCEn | PFCEn7 | PFCEn6 | PFCEN5 | PFCEn4 | PFCEN3 | PFCEn2 | PFCEn1 | PFCENO |

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

PFCEnm| PFCnm Specification of alternate function
0 0 Alternate function 1
0 1 Alternate function 2
1 0 Alternate function 3
1 1 Alternate function 4

(6) Pull-up resistor option register (PUn)
PUn is a register that specifies the connection of an on-chip pull-up resistor.
Each bit of the pull-up resistor option register corresponds to one pin of port n and can be specified in 1-bit
units.

After reset: 00H R/W

7 6 5 4 3 2 1 0
PUn | Pun7 | PUn6 | Puns | PUn4 | PUN3 | PUn2 | PUnt | PUNO |

PUnm Control of on-chip pull-up resistor connection
0 Not connected
1 Connected
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(7) Port settings
Set the ports as follows.

Figure 4-3. Register Settings and Pin Functions

Port mode

Output mode

PMn register

Input mode

Alternate function
(when two alternate
functions are available)

Alternate function 1

PFCn register

Alternate function

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

Alternate function 1 (a)

Alternate function 2—_| (b)

PFCn register

PMCn register

(©) PFCEnm | PFCnm
Alternate function 3—| PFCERn register (a) 0 0
(d) (b) 0 1
(c) 1 0
Alternate function 4 (d) 1 1

J

Caution To switch to external interrupt input (INTPn) from the port mode (by changing the
PMCa.PMCam bit from 0 to 1), an external interrupt may be input if a wrong valid edge is
detected. Therefore, be sure to set “no edge detection” by INTRk, INTFk, ADTR, or ADTF
register, select external interrupt input (INTPn), and then specify the valid edge (n = 00 to 19,
ADTO, ADT1,a=0to5,DL,m=0to 7, k=0 to 3).

When switching to the port mode from external interrupt input (INTPn) (by changing the
PMCam bit = from 1 to 0), an edge may be detected. Therefore, be sure to set “no edge
detection” by INTRk, INTFk, ADTR, or ADTF register, and then select the port mode.

Remark Switch to the alternate function using the following procedure (for n, see Tables 4-3 and 4-4).
<1> Set the PFCn and PFCEn registers.
<2> Set the PMCn register.
<3> Setthe INTRk, INTFk, ADTR, and ADTF registers (when external interrupt pin is set).

If the PMCn register is set before setting the PFCn and PFCEn registers, an unexpected peripheral
function may be selected while the PFCn and PFCERn registers are being set.
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431 Port0

Port 0 can be set to the input or output mode in 1-bit units.

The pins of port 0 have the following alternate functions.

Table 4-6. Alternate Functions of Port 0

Pin Name Pin No. Alternate-Function Pin Name /0 Pull-Up"*
IG4-H | IH4-H
GC GF
P00 89 26 | TECRO/TITOO/TOTOO/INTPOO o] Provided
PO1 88 25 | TENCOO/EVTTO/INTPO1 Input
P02 87 24 | TENCO1/TITO1/TOTO1/INTPO2 o]
P03 86 23 | TOT20/TIT20/TOT20FF/INTP03 1’0
P04 85 22 | TOT21/TIT21/INTPO4 1’0
P05 84 21 | TOT30/TIT30/TOT30OFF/INTPO5 e]
P06 83 20 |TOT31/TIT31/INTPO6 1’0
P07 82 19 | TOBO1OFF/INTPO7/CLKOUT o]
Remark 1G4-H: V850E/IG4-H

IH4-H: V850E/IH4-H
GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)

Note Software pull-up function

Cautions 1. To control the high-impedance output of a timer for motor control, be sure to set

the PMCO0.PMCOn bit to 1 and then specify the edge to be detected and enable the
operation of the high-impedance output controller, because the output of the motor
control timer may go into a high-impedance state if a wrong valid edge is detected
(n=3,5).

. When P04 and P06 are used as TOT21 and TOT31, they go into a high-impedance

state by inputting the following active signal.

¢ Output of high impedance setting signal from high impedance output controller
¢ Output of clock stop detection signal from clock monitor

. To switch to external interrupt input (INTPOn) from the port mode (by changing the

PMCO0.PMCOn bit from 0 to 1), an external interrupt may be input if a wrong valid
edge is detected. Therefore, be sure to disable edge detection (INTFO.INTFOn bit =
0 and INTRO.INTROn bit = 0), select external interrupt input (INTPOn), and then
specify the valid edge (n =0 to 7).

When switching to the port mode from external interrupt input (INTPOn) (by
changing the PMCOn bit from 1 to 0), an edge may be detected. Therefore, be sure
to disable edge detection (INTFOn bit = 0, INTROn bit = 0), and then select the port
mode.

. To control high-impedance output of the external interrupt function and motor

output control function, set the PMCOn bit to 1 (n = 0 to 7).
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(1) Registers

(a) Port 0 register (P0)

After reset: Undefined R/W Address: FFFFF400H

7 6 5 4 3 2 1 0
Po | Poz | Pos | Pos | Poa | Pos | Po2 | Pot | Poo |
POn Control of output data (in output mode)
0 Output 0.
1 Output 1.

Remark n=0to7

(b) Port 0 mode register (PMO)

After reset: FFH R/W Address: FFFFF420H

7 6 5 4 3 2 ! 0
PMo | PMo7 | PMos | Pmos | PMmos4 | PMo3 | PMoz | Pmot | PMmoo |

PMOnN Control of I/0O mode (in port mode)

0 Output mode

1 Input mode

Remark n=0to7
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(c) Port 0 mode control register (PMCO0)

After reset: 0OH R/W Address: FFFFF440H

7 6 5 4 3 2 1 0
PMCO | PMCo7 | PMCO6 | PMCO5 | PMCo4 | PMCO3 | PMCO2 | PMCO1 | PMCOO |

PMCO07 Specification of operating mode of P07 pin
0 1/0 port
1 TOBO10OFF input/INTPO7 input/CLKOUT output

PMCO06 Specification of operating mode of P06 pin
0 I/O port
1 TOT31 output/TIT31 input/INTPO6 input

PMCO05 Specification of operating mode of P05 pin
0 1/O port
1 TOT30 output/TIT30 input/ TOT3OFF input/INTPO5 input

PMCO04 Specification of operating mode of P04 pin

0 1/O port
1 TOT21 output/TIT21 input/INTPO4 input

PMCO03 Specification of operating mode of P03 pin
0 1/0 port
1 TOT20 output/TIT20 input/ TOT20FF input/INTPO3 input

PMCO02 Specification of operating mode of P02 pin
0 I/O port
1 TENCO1 input/TITO1 input/TOTO1 output/INTPO2 input

PMCO1 Specification of operating mode of PO1 pin
0 I/O port
1 TENCOO input/EVTTO input/INTPO1 input

PMCO00 Specification of operating mode of P00 pin

0 1/O port
1 TECRO input/TITOO input/TOTOO output/INTPOO input
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(d) Port 0 function control register (PFCO0)

After reset: 00H R/W Address: FFFFF460H

7 6 5 4 3 2 i 0
PFCO | PFCO7 | PFCO6 | PFCO5 | PFCO4 | PFCO3 | PFCO2 | PFCO1 | PFCOD |

Remark For the specifications of alternate functions, see 4.3.1 (1) (f) Settings of alternate functions of port 0.

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

After reset: 00H R/W Address: FFFFF700H

7 6 5 4 3 2 1 0
PFCEO | 0 | PFCEO6| PFCEOSs | PFCEO4 | PFCE03 | PFCEO2 | PFCEO1 | PFCEOO |

Remark For the specifications of alternate functions, see 4.3.1 (1) (f) Settings of alternate functions of port 0.

(f) Setting of alternate function of port 0

PFCO7 Specification of Alternate Function of P07 Pin
0 TOBO10OFF input/INTPO7 input (two functions are alternately used)
1 CLKOUT output
PFCEO6 PFC06 Specification of Alternate Function of P06 Pin
0 0 TOT31 output
0 1 TIT31 input
1 0 INTPO6 input
1 1 Setting prohibited
PFCEO5 PFCO05 Specification of Alternate Function of P05 Pin
0 0 TOT30 output
0 1 TIT30 input
1 0 TOT3OFF input/INTPOS5 input (two functions are alternately used)
1 1 Setting prohibited
PFCEO4 PFC04 Specification of Alternate Function of P04 Pin
0 0 TOT21 output
0 1 TIT21 input
1 0 INTPO4 input
1 1 Setting prohibited
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PFCEO03 PFC03 Specification of Alternate Function of PO3 Pin
0 0 TOT20 output
0 1 TIT20 input
1 0 TOT20FF input/INTPO3 input (two functions are alternately used)
1 1 Setting prohibited
PFCEO2 PFC02 Specification of Alternate Function of P02 Pin
0 0 TENCO1 input/TITO1 input (two functions are alternately used)
0 1 TOTO1 output
1 0 INTPO2 input
1 1 Setting prohibited
PFCEO1 PFCO1 Specification of Alternate Function of PO1 Pin
0 0 TENCOO input
0 1 EVTTO input
1 0 INTPO1 input
1 1 Setting prohibited
PFCEOO PFCO00 Specification of Alternate Function of POO Pin
0 0 TECRO input/TITOO input (two functions are alternately used)
0 1 TOTOO output
1 0 INTPOO input
1 1 Setting prohibited
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(g) Pull-up resistor option register 0 (PUO)

After reset: 00H R/W Address: FFFFFC40H

7 6 5 4 3 2 1 0
Puo | Puoz | Puos | Puos | Puosa | Puos | Puo2 | Puot | Puoo |

PUON Control of on-chip pull-up resistor connection
0 Do not connect
1 ConnectN°t

Note An on-chip pull-up resistor can be connected only when the pins are in input mode in the port mode or
when the pins function as input pins in the alternate-function mode. Moreover, an on-chip pull-up
resistor can be connected to the TOT21 and TOT31 pins, these are output pins in the alternate-function
mode, when these pins go into a high-impedance state due to the TOT20FF or TOA3OFF pin, or
software processing. An on-chip pull-up resistor cannot be connected when the pins are in output mode.

Remark n=0to7
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43.2 Port1i

Port 1 can be set to the input or output mode in 1-bit units.

The number of 1/O pins for port 1 differs depending on the product.

The pins of port 1 have the following alternate functions.

Generic Name

Number of 1/0 Ports

V850E/IG4-H 7-bit 1/0 port

V850E/IH4-H 8-bit I/O port

Table 4-7. Alternate Functions of Port 1

Pin Name Pin No. Alternate-Function Pin Name I/0 Pull-up™*’
1G4-H | IH4-H
GC GF
P10 98 36 |TOBOT1/TIBO1/TOBO1 110 Provided
P11 97 35 |TOBOB1/TIB02/TOB02 1/0
P12 96 34 | TOBOT2/TIBO3/TOB03 110
P13 95 33 |TOBOB2/TIBOO /0
P14 94 32 |TOBOT3/EVTBO 110
P15 93 31 TOBOB3/TRGBO 1/0
P16 92 30 |TOBOO/TOBOOFF/INTP0O8/ADTRGO/INTADTO 110
p17Me? - 29 - -

Notes 1. Software pull-up function
2. VB850E/IH4-H only

Caution When P10 to P15 are used as TOBOT1 to TOBOT3 and TOB0B1 to TOBO0B3, they go into a high-
impedance state by inputting the following active signal.

o Output of high impedance setting signal from high impedance output controller
¢ Output of clock stop detection signal from clock monitor

Remark 1G4-H: V850E/IG4-H
IH4-H: V850E/IH4-H
GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)

R0O1UHO306EJ0300 Rev.3.00

Sep 30, 2011

RENESAS

Page 106 of 1434



V850E/IG4-H, V850E/IH4-H CHAPTER 4 PORT FUNCTIONS

(1) Registers

(a) Port 1 register (P1)

After reset: Undefined R/W Address: FFFFF402H

7 6 5 4 3 2 1 0
Pt | Pi7e| Pit6 | Pis | P14 | P13 | P12 | P11 | Pio |
P1in Control of output data (in output mode)
0 Output 0.
1 Output 1.

Note Valid only in the V850E/IH4-H.
For the V850E/IG4-H, the read value of this bit is undefined.

Remark V850E/IG4-H:n=0t06
VB850E/IH4-H:n=0to 7

(b) Port 1 mode register (PM1)

After reset: FFH R/W Address: FFFFF422H

7 6 5 4 3 2 1 0
PM1 [ PMi7%e| Pmi6 | PMi5 | PM14 | PM13 | PMi2 | PM11 | PM10 |

PM1n Control of I/O mode (in port mode)

0 Output mode

1 Input mode

Note Valid only in the V850E/IH4-H.
For the V850E/IG4-H, be sure to set this bit to 1.

Remark V850E/IG4-H:n=0to6
V850E/IH4-H: n=0to 7
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(c) Port 1 mode control register (PMC1)

After reset: 00H

R/W Address: FFFFF442H

PMC1 |

7 6 5 4 3 2 1 0
0 | PMC16 | PMC15 | PMC14 | PMC13 | PMC12 | PMC11 | PMC10 |
PMC16 Specification of operating mode of P16 pin
0 1/0 port
1 TOBO0O0 output/TOBOOFF input/INTP08 input/ADTRGO input/INTADTO input
PMC15 Specification of operating mode of P15 pin
0 1/0 port
1 TOBOB3 output/TRGBO input
PMC14 Specification of operating mode of P14 pin
0 1/0 port
1 TOBOTS3 output/EVTBO input
PMC13 Specification of operating mode of P13 pin
0 1/0 port
1 TOBOB2 output/TIBOO input
PMC12 Specification of operating mode of P12 pin
0 1/0 port
1 TOBOT2 output/TIBO3 input/TOBO3 output
PMC11 Specification of operating mode of P11 pin
0 1/0 port
1 TOBOB1 output/TIB02 input/TOB02 output
PMC10 Specification of operating mode of P10 pin
0 1/0 port

TOBOT1 output/TIBO1 input/TOBO01output
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(d) Port 1 function control register (PFC1)

After reset: 00H R/W Address: FFFFF462H

7 6 5 4 3 2 1 0
PFct | o | PFc16 | PFC15 | PFC14 | PFC13 | PFC12 | PFC11 | PFC10 |

Remark For the specifications of alternate functions, see 4.3.2 (1) (f) Settings of alternate functions of port 1.

(e) Port 1 function control expansion register (PFCE1)

After reset: 00H R/W Address: FFFFF702H

7 6 5 4 3 2 ! 0
PFCEt | o |Prcets| o | o | o |PFcE12]|PFCETT | PFCET0|

Remark For the specifications of alternate functions, see 4.3.2 (1) (f) Settings of alternate functions of port 1.
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(f) Settings of alternate functions of port 1

PFCE16 PFC16 Specification of Alternate Function of P16 Pin
0 0 TOBO0O output
0 1 TOBOOFF input/INTP08 input (two functions are alternately used)
1 0 ADTRGO input/INTADTO input (two functions are alternately used)
1 1 Setting prohibited
PFC15 Specification of Alternate Function of P15 Pin
0 TOBOBS3 output
1 TRGBO input
PFC14 Specification of Alternate Function of P14 Pin
0 TOBOT3 output
1 EVTBO input
PFC13 Specification of Alternate Function of P13 Pin
0 TOBOB2 output
1 TIBOO input
PFCE12 PFC12 Specification of Alternate Function of P12 Pin
0 0 TOBOT2 output
0 1 TIBO3 input
1 0 TOBO03 output
1 1 Setting prohibited
PFCE11 PFC11 Specification of Alternate Function of P11 Pin
0 0 TOBOB1 output
0 1 TIBO2 input
1 0 TOBO02 output
1 1 Setting prohibited
PFCE10 PFC10 Specification of Alternate Function of P10 Pin
0 0 TOBOT1 output
0 1 TIBO1 input
1 0 TOBO1 output
1 1 Setting prohibited
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(g) Pull-up resistor option register 1 (PU1)

Notes 1.

Remark

After reset: 00H R/W Address: FFFFFC42H

7 6 5 4 3 2 1 0
PUi [pui7e| pPute | Puts | Puta | PU1B | Put2 | PU11 | PUtO |

PU1n Control of on-chip pull-up resistor connection
0 Do not connect
1 Connecthete2

Valid only in the V850E/IH4-H.

For the V850E/IG4-H, be sure to set this bit to 0.

An on-chip pull-up resistor can be connected only when the pins are in input mode in the port mode
or when the pins function as input pins in the alternate-function mode. Moreover, an on-chip pull-up
resistor can be connected to the TOBOT1 to TOBOT3 and TOBOB1 to TOBOB3 pins, these are
output pins in the alternate-function mode, when these pins go into a high-impedance state due to
the TOBOOFF, TOBO1OFF pin, or software processing. An on-chip pull-up resistor cannot be
connected when the pins are in output mode.

VB850E/IG4-H:n=01t0 6
VB850E/IH4-H:n=0to 7
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4.3.3 Port2
Port 2 can be set to the input or output mode in 1-bit units.
The number of 1/O pins for port 2 differs depending on the product.

Generic Name Number of 1/0 Ports
V850E/IG4-H 4-bit 1/0 port
V850E/IH4-H 8-bit 1/0 port

The pins of port 2 have the following alternate functions.

Table 4-8. Alternate Functions of Port 2

Pin Name Pin No. Alternate-Function Pin Name I/O Pull-up™*’
IG4-H | IH4-H
GC GF

p2Qtee? - 67 |TOB1T1"*¥TIB11""*TOB11""? 110 Provided
p21"e? - 68 | TOB1B1“*¥TIB12""**TOB12""* I/0

p2otte? - 69 |TOB1T2"™*#TIB13""%TOB13""? I/0

p2gte? - 70 |TOB1B2"™"°*TIB10 I/0

P24 28 71 | TOB1T3/EVTB1 I/0

P25 29 72 |TOB1B3/TRGBH1 I/0

P26 30 73 | TOB10/TOB10OFF/INTP10/ADTRG1/INTADT1 I/0

P27 43 87 |INTPO9/WRO/TOAO1 /0

Notes 1. Software pull-up function
2. VB850E/IH4-H only

Caution When P20 to P25 are used as TOB1T1 (V850E/IH4-H only), TOB1T2 (V850E/IH4-H only), TOB1T3,
TOB1B1 (V850E/IH4-H only), TOB1B2 (V850E/IH4-H only), and TOB1B3, they go into a high-
impedance state by inputting the following active signal.

¢ Output of high impedance setting signal from high impedance output controller
¢ Output of clock stop detection signal from clock monitor

Remark 1G4-H: V850E/IG4-H
IH4-H: V850E/IH4-H
GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)
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(1) Registers

(a) Port 2 register (P2)

After reset: Undefined R/W Address: FFFFF404H

7 6 5 4 3 2 1 0
P2 | P27 | P26 | P2s | P24 | Pagve | pooter | paqtere | pognet
P2n Control of output data (in output mode)
0 Output 0.
1 Output 1.

Note Valid only in the V850E/IH4-H.
For the V850E/IG4-H, the read value of this bit is undefined.

Remark V850E/IG4-H:n=4t07
V850E/IH4-H:n=0to 7

(b) Port 2 mode register (PM2)

After reset: FFH R/W Address: FFFFF424H

7 6 5 4 3 2 1 0
PM2 | PM27 | PM26 | PM25 | PM24 | PM23Nere| pmaaver | p21nets | puzohee
PM2n Control of /0O mode (in port mode)

0 Output mode

1 Input mode

Note Valid only in the V850E/IH4-H.
For the V850E/IG4-H, be sure to set this bit to 1.

Remark V850E/IG4-H:n=4t07
V850E/IH4-H:n=0to 7
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(c) Port 2 mode control register (PMC2)

After reset: 0OH

7

R/W Address: FFFFF444H

6 5 4 3 2

1

0

PMC2 | PMC27 | PMC26 | PMC25 | PMC24 |PMC23%e!

PMC22ete

PMC21Nete*

PMC20% |

PMC27

Specification of operating mode of P27 pin

1/0 port

INTPO9 input/WRO output/TOAO1 output

Specification of operating mode of P26 pin

I/O port

TOB10 output/TOB10FF input/INTP10 input/ADTRG1 input/INTADT1 input

Specification of operating mode of P25 pin

1/O port

TOB1B3 output/TRGB1 input

Specification of operating mode of P24 pin

1/0 port

TOB1T3 output/EVTB1 input

PMC23"e !

Specification of operating mode of P23 pin

0

1/0 port

1

TOB1B2 outputN*e 2/ TIB10 inputNote 2

PMC22Vet

Specification of operating mode of P22 pin

0

1/O port

1

TOB1T2 output°®#/TIB13 inputM°*®2TOB13 outputNote 2

PMC21Mete*

Specification of operating mode of P21 pin

0

1/0 port

1

TOB1B1 outputM®®2/TIB12 inputN°*#TOB12 outputN°te 2

PMC20"" !

Specification of operating mode of P20 pin

0

1/O port

1

TOB1T1 outputN°** #TIB11 inputN°**2/TOB11 outputNote2

Notes 1. Valid only in the V850E/IH4-H.
For the VB50E/IG4-H, be sure to set this bit to 0.

2. V850E/IH4-H only
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(d) Port 2 function control register (PFC2)

After reset: 00H R/W Address: FFFFF464H

7 6 5 4 3 2 i 0
PFC2 | PFC27 | PFC26 | PFC25 | PFC24 |PFC23%PFC22vte|PFC21Met PFC20N

Note Valid only in the V850E/IH4-H.
For the V850E/IG4-H, be sure to set this bit to 0.

Remark For the specifications of alternate functions, see 4.3.3 (1) (f) Settings of alternate functions of
port 2.

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

After reset: 0OH R/W Address: FFFFF704H

7 6 5 4 3 2 1 0
PFCE2 [ PFCE27|PFCE26] 0 | 0 | 0  |pFCE22%e|PFCER1™ |PFCER0%"|

Note Valid only in the V850E/IH4-H.
For the VB50E/IG4-H, be sure to set this bit to 0.

Remark For the specifications of alternate functions, see 4.3.3 (1) (f) Settings of alternate functions of
port 2.

(f) Settings of alternate functions of port 2

PFCE27 PFC27 Specification of Alternate Function of P27 Pin
0 0 INTPO9 input
0 1 WRO0 output
1 0 TOAO1 output
1 1 Setting prohibited
PFCE26 PFC26 Specification of Alternate Function of P26 Pin
0 0 TOB10 output
0 1 TOB10OFF input/INTP10 input (two functions are alternately used)
1 0 ADTRG1 input/INTADT1 input (two functions are alternately used)
1 1 Setting prohibited

ROTUHO306EJ0300 Rev.3.00 Page 115 of 1434
Sep 30, 2011 RENESAS



V850E/IG4-H, V850E/IH4-H

CHAPTER 4 PORT

FUNCTIONS

PFC25

Specification of Alternate Function of P25 Pin

TOB1B3 output

TRGB1 input

Specification of Alternate Function of P24 Pin

TOB1T3 output

EVTB1 input

PFC23"""

Specification of Alternate Function of P23 Pin

TOB1B2 output™**

TIB10 input™*?

PFCE22"*"" PFC22""! Specification of Alternate Function of P22 Pin
0 0 TOB1T2 output"™?
0 1 TIB13 input"™*?
1 0 TOB13 output*™*?
1 1 Setting prohibited
PFCE21""" PFC21"*" Specification of Alternate Function of P21 Pin
0 0 TOB1B1 output**°?
0 1 TIB12 input"™©?
1 0 TOB12 output™*?
1 1 Setting prohibited
PFCE20""" PFC20""" Specification of Alternate Function of P20 Pin
0 0 TOB1T1 output“™?
0 1 TIB11 input™*?
1 0 TOB11 output™*?

Setting prohibited

Notes 1. Valid only in the V850E/IH4-H.
For the V850E/IG4-H, be sure to set this bit to 0.
2. Valid only in the V850E/IH4-H.
For the VB50E/IG4-H, setting prohibited.
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(g) Pull-up resistor option register 2 (PU2)

After reset: 00H R/W Address: FFFFFC44H

7 6 5 4 3 2 1 0
PU2 | PU27 | Pu2s | PU25 | Pu24 |pu2avet/puzanetst/puzitere | pyzguet
PU2n Control of on-chip pull-up resistor connection
0 Do not connect
1 Connecthte2

Notes 1. Valid only in the V850E/IH4-H.
For the VB50E/IG4-H, be sure to set this bit to 0.

2. An on-chip pull-up resistor can be connected only when the pins are in input mode in the port mode
or when the pins function as input pins in the alternate-function mode. Moreover, an on-chip pull-up
resistor can be connected to the TOB1T1 (V850E/IH4-H only), TOB1T2 (V850E/IH4-H only),
TOB1T3, TOB1B1 (V850E/IH4-H only), TOB1B2 (V850E/IH4-H only), and TOB1B3 pins, these are
output pins in the alternate-function mode, when these pins go into a high-impedance state due to
the TOB10OFF or TOBO10OFF pin, or software processing. An on-chip pull-up resistor cannot be
connected when the pins are in output mode.

Remark V850E/IG4-H:n=4t07
V850E/IH4-H:n=0to 7
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434 Port3

Port 3 can be set to the input or output mode in 1-bit units.
The pins of port 3 have the following alternate functions.

Table 4-9. Alternate Functions of Port 3

Pin Name Pin No. Alternate-Function Pin Name I/0 Pull-Up"*
IG4-H | IH4-H
GC | GF
P30 54 106 |RXDA1/SCL/AWR1 /0 Provided
P31 55 107 | TXDA1/SDA/WAIT I/0
P32 56 108 |SIF1/RXDA2/CS1 /0
P33 57 109 |SOF1/TXDA2 Output
P34 58 | 110 |SCKF1/INTP11/CSO /0
P35 59 111 | SIF2/RXDB Input
P36 60 112 |SOF2/TXDB Output
P37 61 113 |SCKF2/INTP12/ASTB I/0

Note Software pull-up function

Remark 1G4-H: V850E/IG4-H
IH4-H: V850E/IH4-H

GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)
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(1) Registers

(a) Port 3 register (P3)

After reset: Undefined R/W Address: FFFFF406H

7 6 5 4 3 2 1 0
P3 | P37 | Pas | Pas | Paa | Pas | Pa2 | P31 | pPao |
P3n Control of output data (in output mode)
0 Output 0.
1 Output 1.

Remark n=0to7

(b) Port 3 mode register (PM3)

After reset: FFH R/W Address: FFFFF426H

7 6 5 4 3 2 1 0
PM3 | PM37 | PM3s | PM3s | Pmas | Pm33 | Pmaz | PM31 | PM30 |

PM3n Control of /0 mode (in port mode)

0 Output mode

1 Input mode

Remark n=0to7
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(c) Port 3 mode control register (PMC3)

After reset: 0OH

7

R/W Address: FFFFF446H

6 5 4 3 2

1 0

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

PMC37

Specification of operating mode of P37 pin

1/0 port

SCKF2 I/O/INTP12 input/ASTB output

Specification of operating mode of P36 pin

I/O port

SOF2 output/TXDB output

Specification of operating mode of P35 pin

1/O port

SIF2 input/RXDB input

Specification of operating mode of P34 pin

1/O port

SCKF1 I/O/INTP11 input/CSO0 output

Specification of operating mode of P33 pin

1/0 port

SOF1 output/TXDA2 output

Specification of operating mode of P32 pin

I/O port

SIF1 input/RXDA2 input/CS1 output

Specification of operating mode of P31 pin

1/0 port

TXDA1 output/SDA I/O/WAIT input

Specification of operating mode of P30 pin

1/O port

RXDA1 input/SCL I/O/WR1 output
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(d) Port 3 function control register (PFC3)

After reset: 0O0OH R/W Address: FFFFF466H

7 6 5 4 3 2 1 0
PFC3 | PFC37 | PFC36 | PFC35 | PFC34 | PFC33 | PFC32 | PFC31 | PFC30 |

Remark For the specifications of alternate functions, see 4.3.4 (1) (f) Settings of alternate functions of
port 3.

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

After reset: 00H R/W Address: FFFFF706H

7 6 5 4 3 2 1 0
PFCE3 [PFCEs7| o | o |PFCE34| o0 |PFCE32|PFCE31 | PFCES0 |

Remark For the specifications of alternate functions, see 4.3.4 (1) (f) Settings of alternate functions of
port 3.

(f) Settings of alternate functions of port 3

PFCE37 PFC37 Specification of Alternate Function of P37 Pin
0 0 SCWinput/output
0 1 INTP12 input
1 0 ASTB output
1 1 Setting prohibited
PFC36 Specification of Alternate Function of P36 Pin
0 SOF2 output
1 TXDB output
PFC35 Specification of Alternate Function of P35 Pin
0 SIF2 input
1 RXDB input
PFCE34 PFC34 Specification of Alternate Function of P34 Pin
0 0 SCKF1 input/output
0 1 INTP11 input
1 0 CSo output
1 1 Setting prohibited
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PFC33 Specification of Alternate Function of P33 Pin
0 SOF1 output
1 TXDAZ2 output
PFCE32 PFC32 Specification of Alternate Function of P32 Pin
0 0 SIF1 input
0 1 RXDA2 input
1 0 cs1 output
1 1 Setting prohibited
PFCE31 PFC31 Specification of Alternate Function of P31 Pin
0 0 TXDA1 output
0 1 SDA input/output
1 0 WAIT input
1 1 Setting prohibited
PFCE30 PFC30 Specification of Alternate Function of P30 Pin
0 0 RXDA1 input
0 1 SCL input/output
1 0 WR1 output
1 1 Setting prohibited

(g) Pull-up resistor option register 3 (PU3)

After reset: 00H R/W Address: FFFFFC46H

7 6 5 4 3 2 1 0
Pus | pPusz | Puse | Puss | Puss | Puss | Pus2 | Pust | PU30D |

PU3n Control of on-chip pull-up resistor connection
0 Do not connect
1 ConnectNete

Note An on-chip pull-up resistor can be connected only when the pins are in input mode in the port mode or
when the pins function as input pins in the alternate-function mode (including the SCKF1 and SCKF2
pins in the slave mode). An on-chip pull-up resistor cannot be connected when the pins are in output
mode.

Remark n=0to7
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(h) Port 3 function register (PF3)

After reset: 00H R/W Address: FFFFFC66H

4 3 2 1 0
e [ o | o | o | o | o | o | pr1 | prao |
PF3n Control of normal output/N-ch open-drain output

0 Normal output (CMOS output)

1 N-ch open-drain outputN°te

Note When using I’C, set as N-ch open-drain output.

Remark n=0,1
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435 Port4

Port 4 can be set to the input or output mode in 1-bit units.

The pins of port 4 have the following alternate functions.

Table 4-10. Alternate Functions of Port 4

Pin Name Pin No. Alternate-Function Pin Name I/0 Pull-up™*’
IG4-H | IH4-H
GC | GF
P40 46 96 | SIFO/RXDAO/DDI"**TOA0O I/0 Provided
P41 47 97 |SOFO/TXDAO Output
P42 48 98 | SCKFO/DCK™**TOA10 /0
P43 49 99 |INTP13/DMS™*¥TOA11 I/0
P44 50 100 |INTP14/RD I/0

Notes 1. Software pull-up function

2. The P40, P42, and P43 pins are also used for on-chip debugging. Switching between the on-chip

debug function and port function (including the alternate function) can be done by using the DRST pin

level. The following shows the setting method.

Port 4 Functions

Low-Level Input to DRST Pin

High-Level Input to DRST Pin

P40/SIFO/RXDAO/TOA00 DDI
P42/SCKFO/TOA10 DCK
P43/INTP13/TOA11 DMS

Remark 1G4-H: V850E/IG4-H
IH4-H: V850E/IH4-H
GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)
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(1) Registers

(a) Port 4 register (P4)

After reset: Undefined R/W Address: FFFFF408H
5 4 3 2 1 0
Pa | o | o | o | Paa | Pz | P2 | Pa1 | Pao |
P4n Control of output data (in output mode)
0 Output 0.
1 Output 1.

Remark n=0to4

(b) Port 4 mode register (PM4)

After reset: FFH R/W Address: FFFFF428H
7 5 4 3 2 ! 0
Pma | o | o | o | Pvas | Pw43 | Pm42 | PMat | Pm4o |

Control of /0O mode (in port mode)

0 Output mode

1 Input mode

Remark n=0to4
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(c) Port 4 mode control register (PMC4)

After reset: 0OH

R/W Address: FFFFF448H

5 4 3 2 1 0
PMca | o o | o |Pmcas | Pmcas | Pmcaz | Pmcat | Pmcao |
PMC44 Specification of operating mode of P44 pin
0 1/O port
1 INTP14 input/RD output
PMC43 Specification of operating mode of P43 pin
0 1/0 port
1 INTP13 input/TOA11 output
PMC42 Specification of operating mode of P42 pin
0 I/O port
1 | SCKFO I/O/TOA10 output
PMC41 Specification of operating mode of P41 pin
0 1/O port
1 SOFO output/TXDAO output
PMC40 Specification of operating mode of P40 pin
0 1/0 port
1 SIFO input/RXDAO input/TOAO0O output
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(d) Port 4 function control register (PFC4)

After reset: O0H R/W Address: FFFFF468H

7 6 5 4 3 2 1 0
PFC4 | o | o | o |Prcaa| Prcas| o | PFcat | pFcao |

Remark For the specifications of alternate functions, see 4.3.5 (1) (f) Settings of alternate functions of port 4.

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

After reset: 00H R/W Address: FFFFF708H

5 4 3 2 1 0
PrcE4 | o | o | o | o | o |prcEa2| o |PFcE4o|

Remark For the specifications of alternate functions, see 4.3.5 (1) (f) Settings of alternate functions of port 4.
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(f) Settings of alternate functions of port 4

PFC44 Specification of Alternate Function of P44 Pin
0 INTP14 input
1 RD output
PFC43 Specification of Alternate Function of P43 Pin
0 INTP13 input
1 TOA11 output
PFCE42 Specification of Alternate Function of P42 Pin
0 SCKEFO input/output
1 TOA10 output
PFC41 Specification of Alternate Function of P41 Pin
0 SOFO0 output
1 TXDAO output
PFCE40 PFC40 Specification of Alternate Function of P40 Pin
0 0 SIF0 input
0 1 RXDAO input
1 0 Setting prohibited
1 1 TOAOQO output

(g) Pull-up resistor option register 4 (PU4)

After reset: 00H R/W Address: FFFFFC48H
5 4 3 2 1 0
Pus | o 0 0 | Puss | Puss | pusz | Pust | Pu4o |
PU4n Control of on-chip pull-up resistor connection
0 Do not connect

Connecthete

Note An on-chip pull-up resistor can be connected only when the pins are in input mode in the port mode or
when the pins function as input pins in the alternate-function mode (including the SCKFO pin in the slave
mode). An on-chip pull-up resistor cannot be connected when the pins are in output mode.

Remark n=0to4
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43.6 Port5
Port 5 can be set to the input or output mode in 1-bit units.
The number of 1/O pins for port 5 differs depending on the product.

Generic Name Number of 1/0 Ports
V850E/IG4-H 3-bit I/O port
V850E/IH4-H 7-bit 1/0 port

The pins of port 5 have the following alternate functions.

Table 4-11. Alternate Functions of Port 5

Pin Name Pin No. Alternate-Function Pin Name I/0 Pull-up"*’
1G4-H | IH4-H
GC GF
P50 51 103 | TECR1/TIT10/TOT10/INTP17 /0 Provided
P51 52 104 |TENC10/EVTT1/INTP18/UCLK""* Input
P52 53 105 |TENC11/TIT11/TOT11/INTP19 I/0
p53"? - 101 |UCLK™"? Input
P54 - | 102 - -
P55 - 10 -
P56"* - 9 - -

Notes 1. Software pull-up function
2. VB850E/IG4-H only
3. VB850E/IH4-H only

Remark 1G4-H: V850E/IG4-H
IH4-H: V850E/IH4-H
GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)
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(1) Registers

(a) Port 5 register (P5)

After reset: Undefined R/W Address: FFFFF40AH

7 6 5 4 3 2 1 0
P5 | 0 | st | psstor | psavere | psgve | psp | pst | Pso |
P5n Control of output data (in output mode)
0 Output 0.
1 Output 1.

Note Valid only in the V850E/IH4-H.
For the V850E/IG4-H, the read value of this register is undefined.

Remark V850E/IG4-H:n=0to2
V850E/IH4-H: n=0to 6

(b) Port 5 mode register (PM5)

After reset: FFH R/W Address: FFFFF42AH

7 6 5 4 3 2 1 0
PMs | 0 |PMms6Mr| PMsshee| PMsate | PMsaYe| PMs2 | PMs1 | PMsO |

PM5n Control of I/O mode (in port mode)

0 Output mode

1 Input mode

Note Valid only in the V850E/IH4-H.
For the VB50E/IG4-H, be sure to set these bits to 1.

Remark V850E/IG4-H:n=0to2
V850E/IH4-H: n=0to 6

RO1UHO306EJ0300 Rev.3.00 "2
Sep 30, 2011 u EN ESAS

Page 130 of 1434




V850E/IG4-H, V850E/IH4-H CHAPTER 4 PORT FUNCTIONS

(c) Port 5 mode control register (PMCS5)

After reset: 0OH R/W Address: FFFFF44AH

4 3 2 1 0
Pmcs | o | o | o | o [pmcsaw| Pmcs2 | PMCst | PMCSO |
PMC53Nete ! Specification of operating mode of P53 pin
0 I/0 port

1 UCLK inputNete2

PMC52 Specification of operating mode of P52 pin
0 1/O port
1 TENC11 input/TIT11 input/TOT11 output/INTP19 input

PMC51 Specification of operating mode of P51 pin

0 I/O port
1 TENC10 input/EVTT1 input/INTP18 input/UCLK inputhete3

PMC50 Specification of operating mode of P50 pin
0 1/0 port
1 TECR1 input/TIT10 output/TOT10 output/INTP17 input

Notes 1. Valid only in the V850E/IH4-H.
For the V850E/IG4-H, be sure to set this bit to 0.
2. Valid only in the V850E/IH4-H.
For the V850E/IG4-H, setting prohibited.
3. VB850E/IG4-H only.

(d) Port 5 function control register (PFC5)

After reset: 00H R/W Address: FFFFF46AH

7 6 5 4 3 2 1 0
Prcs | o | o | o | o | o |Prcs2 | PFCst | PFCso |

Remark For the specifications of alternate functions, see 4.3.6 (1) (f) Settings of alternate functions of port 5.
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(e) Port 5 function control expansion register (PFCES5)

After reset: 0OH R/W Address: FFFFF70AH

5 4 3 2 1 0
PFcEs [ o | o | o | o | o |PFcEs2|PFCESt | PFCESO |

Remark For the specifications of alternate functions, see 4.3.6 (1) (f) Settings of alternate functions of port 5.

(f) Settings of alternate functions of port 5

PFCE52 PFC52 Specification of Alternate Function of P52 Pin
0 0 TENC11 input/TIT11 input (two functions are alternately used)
0 1 TOT11 output
1 0 INTP19 input
1 1 Setting prohibited

PFCES51 PFC51 Specification of Alternate Function of P51 Pin
0 0 TENC10 input
0 1 EVTT1 input
1 0 INTP18 input
1 1 UCLK input"*®

PFCES50 PFC50 Specification of Alternate Function of P50 Pin
0 0 TECR1 input/TIT10 input (two functions are alternately used)
0 1 TOT10 output
1 0 INTP17 input
1 1 Setting prohibited

Note Valid only in the V850E/IG4-H.
For the V850E/IH4-H, setting prohibited.
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(g) Pull-up resistor option register 5 (PU5)

After reset: 00H R/W Address: FFFFFC4AH

7 6 5 4 3 2 1 0
PUS [ 0 [puseMet|pussteepusatet|pusavet pus2 | PUsT | PUSO |

PU4n Control of on-chip pull-up resistor connection
0 Do not connect
1 Connectheote2

Notes 1. Valid only in the V850E/IH4-H.
For the VB50E/IG4-H, be sure to set these bits to 0.
2. An on-chip pull-up resistor can be connected only when the pins are in input mode in the port mode
or when the pins function as input pins in the alternate-function mode. An on-chip pull-up resistor
cannot be connected when the pins are in output mode.

Remark V850E/IG4-H:n=0to2
V850E/IH4-H: n=0to 6
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4.3.7 Port7
Port 7 is an input port with all its pins fixed to the input mode.
The pins of port 7 have the following alternate functions.

Table 4-12. Alternate Functions of Port 7

Pin Name Pin No. Alternate-Function Pin Name 110 Pull-Up"*
1G4-H | IH4-H
GC GF
P70 14 53 |ANI20 Input None
P71 15 54 | ANI21 Input
P72 16 55 | ANI22 Input
P73 17 56 |ANI23 Input
P74 18 57 |ANI24 Input
P75 19 58 |ANI25 Input
P76 20 59 |ANI26 Input
P77 21 60 |ANI27 Input
P78 22 61 ANI28 Input
P79 23 62 |ANI29 Input
P710 24 63 |ANI210 Input
P711 25 64 |ANI211 Input

Note Software pull-up function

Remark 1G4-H: V850E/IG4-H
IH4-H: V850E/IH4-H
GC (VB850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)
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(1) Registers

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

After reset: Undefined R Address: R7L FFFFFBBOH, R7H FFFFFBB1H

7 6 5 4 3 2 1 0
PrH | o 0 0 o | P11 [ prio | P7ro | p7s |
7 6 5 4 3 2 1 0
PrL | P77 | pre | P75 | Pra | pra | P2 | P71 | Pro |
P7n Control of input data
0 Input low level.
1 Input high level.

Caution When using a port input pin and analog input pin (ANI2n) together, be sure to set the bit
(PMC7n) of the PMC?7 register to be used as the ANI2n pin to 1.

Remark n=0to 11

(b) Port 7 mode control register H, port 7 mode control register L (PMC7H, PMC7L)

After reset: O0H R/W Address: PMC7L FFFFFBB8H, PMC7H FFFFFBB9H

6 5 4 3 2 1 0
PmcrH | o | o | o | o [pmc7i1|pmc7io]| PMC79 | PmCT |
7 6 5 4 3 2 1 0

PMC7L | PMC77 | PMC76 | PMC75 | PMC74 | PMCT73 | PMC72 | PMC71 | PMCT0 |

PMC7n Specification of operating mode of P7n pin

0 Input port (reading P7n enabled. Input buffer is on when this bit is read)

1 ANI2n input (reading P7n disabled. Input buffer is off when this bit is read)

Cautions 1. Do not change to the port mode using A/D converter 2 during A/D conversion.
2. The PMC7H and PMCT7L registers enable or disable reading of the P7H and P7L registers,
respectively. When the PMC7n bit is 1, the input buffer does not turn on even when the
P7H and P7L registers are read. In this case, the read value of the P7n bit is fixed to the
low level. This is to prevent through-current that may flow when the ANI2n input
(intermediate level) is read.

Remark n=0to 11
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4.3.8 Port 9 (V850E/IH4-H only)
Port 9 can be set to the input or output mode in 1-bit units.

The pins of port 9 have the following alternate functions.

Table 4-13. Alternate Functions of Port 9

Pin Name Pin No. Alternate-Function Pin Name 110 Pull-Up"*
1G4-H | IH4-H
GC GF

P90 - 18 |AO Output Provided
P91 - 17 |A1 Output

P92 - 16 |A2 Output

P93 - 15 |A3 Output

P94 - 14 |A4 Output

P95 - 13 |A5 Output

P96 - 12 |A6 Output

P97 - 11 |A7 Output

Note Software pull-up function

Remark 1G4-H: V850E/IG4-H
IH4-H: V850E/IH4-H
GC (VB50E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)
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(1) Registers

(a) Port 9 register (P9)

After reset: Undefined R/W Address: FFFFF412H

7 6 5 4 3 2 1 0
Po | Po7 | Pos | Pos | Po4a | Pe3 | Po2 | Pot | Poo |
P9n Control of output data (in output mode)
0 Output 0.
1 Output 1.

Remark n=0to7

(b) Port 9 mode register (PM9)

After reset: FFH R/W Address: FFFFF432H

7 6 5 4 3 2 ! 0
PMo | PM97 | PMos | PMmos | PMos4 | Pme3 | Pmo2 | Pmot | Pmoo |

PM9n Control of /0O mode (in port mode)

0 Output mode

1 Input mode

Remark n=0to7
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CHAPTER 4 PORT FUNCTIONS

(c) Port 9 mode control register (PMC9)

After reset: 00H

7

R/W

6

Address: FFFFF452H

5 4 3 2 1

0

PMCO | PMCo7 | PMC96 | PMCo5 | PMCo4 | PMCo3 | PMC92 | PMCO1 | PMmCeo |

PMC97 Specification of operating mode of P97 pin
0 1/O port
1 A7 output

PMC96 Specification of operating mode of P96 pin
0 I/0 port
1 A6 output

PMC95 Specification of operating mode of P95 pin
0 I/O port
1 A5 output

PMC94 Specification of operating mode of P94 pin
0 1/O port
1 A4 output

PMC93 Specification of operating mode of P93 pin
0 1/O port
1 A3 output

PMC92 Specification of operating mode of P92 pin
0 I/0 port
1 A2 output

PMC91 Specification of operating mode of P91 pin
0 I/0 port
1 A1 output

PMC90 Specification of operating mode of P90 pin
0 I/O port
1 A0 output
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V850E/IG4-H, V850E/IH4-H CHAPTER 4 PORT FUNCTIONS

(d) Pull-up resistor option register 9 (PU9)

After reset: 00H R/W Address: FFFFFC52H

7 6 5 4 3 2 1 0
PU9 | Pu9z | Puss | Puss | Puss | Pues | Pus2 | Puat | Pugo |

PU9N Control of on-chip pull-up resistor connection
0 Do not connect
1 ConnectN°t

Note An on-chip pull-up resistor can be connected only when the pins are in input mode in the port mode. An
on-chip pull-up resistor cannot be connected when the pins are in output mode.

Remark n=0to7
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439 PortDL
Port DL can be set to the input or output mode in 1-bit units.
The pins of port DL have the following alternate functions.

Table 4-14. Alternate Functions of Port DL

Pin Name Pin No. Alternate-Function Pin Name I/0 Pull-up™*’
1G4-H | IH4-H
GC GF

PDLO 81 6 ADO /0 Provided
PDL1 80 5 AD1 1/0

PDL2 79 4 AD2 /0

PDL3 78 3 AD3 1/0

PDL4 77 2 AD4 /0

PDL5 76 1 AD5/FLMD1"*? /0

PDL6 75 128 |AD6 /0

PDL7 74 127 |AD7 /0

PDL8 73 126 |AD8 1/0

PDL9 72 125 |AD9 /0

PDL10 71 124 |AD10 /0

PDL11 70 123 |AD11 /0

PDL12 69 122 |AD12 /0

PDL13 68 121 |AD13 1/0

PDL14 67 120 |AD14/TOA20/TIA20/INTP15 /0

PDL15 66 119 |AD15/TOA21/TIA21/INTP16 1/0

Notes 1. Software pull-up function
2. This pin is used in the flash programming mode and does not have to be manipulated by a port
control register. For details, see CHAPTER 27 FLASH MEMORY.

Remark 1G4-H: V850E/IG4-H
IH4-H: V850E/IH4-H
GC (V850E/IG4-H): 100-pin plastic LQFP (fine pitch) (14 x 14)
GF (V850E/IH4-H): 128-pin plastic LQFP (fine pitch) (14 x 20)
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(1) Registers

(a) Port DL register (PDL)

After reset: Undefined R/W Address: PDL FFFFFO004H
PDLL FFFFF004H, PDLH FFFFFOO5H

15 14 13 12 11 10 9 8
PDL (PDLH™®) | PDL15 | PDL14 | PDL13 | PDL12 | PDL11 | PDL10 | PDLO | PDL8 |

7 6 5 4 3 2 1 0
poLL) | poL7 | Poe | PDLs | PDL4 | PDL3 | PDL2 | PDL1 | PDLO |

PDLn Control of output data (in output mode)
0 Output 0.
1 Output 1.

Note 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.

Remarks 1. The PDL register can be read or written in 16-bit units.
When the higher 8 bits of the PDL register are used as the PDLH register, and the lower 8 bits,

as the PDLL register, these registers can be read or written in 8-bit or 1-bit units.
2. n=0to15
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(b) Port DL mode register (PMDL)

After reset: FFFFH R/W Address: PMDL FFFFF024H
PMDLL FFFFF024H, PMDLH FFFFF025H
15 14 13 12 11 10 9 8

PMDL (PMDLH"*) | PMDL15 | PMDL14 | PMDL13 | PMDL12 | PDAL11 | PDAL10 | PMDLY | PMDLS |

7 6 5 4 3 2 1 0
(PMDLL) | PMDL7 | PMDL6 | PMDL5 | PMDL4 | PMDL3 | PMDL2 | PMDL1 | PMDLO |

PMDLn Control of I/O mode (in port mode)

0 Output mode

1 Input mode

Note 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.

Remarks 1. The PMDL register can be read or written in 16-bit units.
When the higher 8 bits of the PMDL register are used as the PMDLH register, and the lower 8

bits, as the PMDLL register, these registers can be read or written in 8-bit or 1-bit units.
2. n=0to 15
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(c) Port DL mode control register (PMCDL)

After reset: 0000H R/W Address: PMCDL FFFFF044H
PMCDLL FFFFF044H, PMCDLH FFFFF045H

15 14 13 12 11 10 9 8
PMCDL (PMCDLH"*)  [PMCDL15|PMCDL14|PMCDL13|PMCDL12|PMCDL11| PMCDL10| PMCDLO | PMCDLS |

7 6 5 4 3 2 1 0
(PMCDLL) | PMCDL7 | PMCDL6 | PMCDL5 | PMCDL4 | PMCDL3 | PMCDL2 | PMCDL1 | PMCDLO |

PMCDL15 Specification of operating mode of PMCDL15 pin
0 I/O port
1 AD15 I/O/TOA21 output/TIA21 input/INTP16 input

PMCDL14 Specification of operating mode of PMCDL14 pin
0 I/O port
1 AD14 I/O/TOA20 output/TIA20 input/INTP15 input

PMCDLn Specification of operating mode of PMCDLn pin
0 1/0 port
1 ADn 1/O

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

Remark n=0to 13

(d) Port DL function control register (PFCDL)

After reset: 0000H R/wW Address: PFCDL FFFFF3AOH
PFCDLL FFFFF3AOH, PFCDLH FFFFF3A1H

15 14 13 12 11 10 9

PFCDL (PFCDLH™®) PFCDL1s|PFCDLI4] 0 | o | o | | o | |
7 6 5 4 3 2 1

pFeo) | o | o | o | o | o [ o | o [ o |

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

Remark For the specifications of alternate functions, see 4.3.9 (1) (f) Settings of alternate functions of
port DL.
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(e) Port DL function control expansion register (PFCEDL)

After reset: 0000H R/W Address: PFCEDL FFFFF3COH
PFCEDLL FFFFF3COH, PFCEDLH FFFFF3C1H

15 14 13 12 11 10 9 8

PFCEDL (PFCEDLH™®) fprcenLis|Prcepttd o | o | o | o | o | o |
7 6 5 4 3 2 1 0

eFcebty) | o | o | o | o | o | o | o [ o |

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

Remark For the specifications of alternate functions, see 4.3.9 (1) (f) Settings of alternate functions of
port DL.

(f) Settings of alternate functions of port DL

PFCEDL15 PFCDL15 Specification of Alternate Function of PDL15 Pin
0 0 AD151/0
0 1 TOA21 output
1 0 TIA21 input
1 1 INTP16 input
PFCEDL14 PFCDL14 Specification of Alternate Function of PDL14 Pin
0 0 AD14 1/0
0 1 TOA20 output
1 0 TIA20 input
1 1 INTP15 input
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(g) Pull-up resistor option register DL (PUDL)

After reset: 0000H R/W Address: PUDL FFFFFF44H
PUDLL FFFFFF44H, PUDLH FFFFFF45H

15 14 13 12 11 10 9 8
PUDL (PUDLH"**") | PUDL15 | PUDL14 | PUDL13 | PUDL12 | PUDL11 | PUDL10 | PUDLY | PUDLS |

7 6 5 4 3 2 1 0
(PUDLL) | PUDL7 | PUDL6 | PUDL5 | PUDL4 | PUDL3 | PUDL2 | PUDL1 | PUDLO |

PUDLN Control of on-chip pull-up resistor connection
0 Do not connect
1 Connecthete2

Notes 1. To read/write bits 8 to 15 of the PUDL register in 8-bit or 1-bit units, specify them as bits 0 to 7 of the
PUDLH register.
2. An on-chip pull-up resistor can be connected only when the pins are in input mode in the port mode
or when the pins function as input pins in the alternate-function mode. An on-chip pull-up resistor
cannot be connected when the pins are in output mode.

Remarks 1. The PUDL register can be read or written in 16-bit units.
When the higher 8 bits of the PUDL register are used as the PUDLH register, and the lower 8
bits, as the PUDLL register, these registers can be read or written in 8-bit or 1-bit units.
2. n=0to 15
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4.4 Output Data and Port Read Value for Each Setting

Table 4-15 shows the values used to select the alternate function of the respective pins, output data and port
read values for each setting. In addition to the settings shown in Table 4-15, the setting of each peripheral function
control register is required.
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Table 4-15. Output Data and Port Read Value for Each Setting (1/12)

Port Name Function PMCmn PFCEmn PFCmn PMmn Output Data Pmn Read Value Remark
P00, P02 Output port 0 X Port latch Port latch
Input port - Pin level
TECRO, TIT0O, 1 0 - Port latch Alternate input (timer input)
TENCO1, TITO1 Pin level
TOTO00, TOTO1 1 0 Alternate output Port latch
(timer output) Pin level
INTPOO, INTP02 1 1 - Port latch Alternate input (external interrupt input
Pin level (necessary to specify valid edge))
PO1 Qutput port 0 X Port latch Port latch
Input port - Pin level
TENCO00 1 0 - Port latch Alternate input (timer input)
Pin level
EVTTO 1 0 - Port latch Alternate input (timer input)
Pin level
INTPO1 1 1 - Port latch Alternate input (external interrupt input
Pin level (necessary to specify valid edge))
P03 to P06 Output port 0 X Port latch Port latch
Input port - Pin level
TOT20, TOT21, 1 0 Alternate output Port latch
TOT30, TOT31 (timer output) Pin level
TIT20, TIT21, TIT30, |1 0 - Port latch Alternate input (timer input)
TIT31 Pin level
P03 to P06 TOT20FF, INTPO3, |1 1 - Port latch Alternate input (timer input, external interrupt
INTPO4, TOT3OFF, Pin level input (necessary to specify valid edge))
INTPO5, INTPO6

Remark x:0or1
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Table 4-15. Output Data and Port Read Value for Each Setting (2/12)

Port Name Function PMCmn PFCEmn PFCmn PMmn Output Data Pmn Read Value Remark
P07 Output port 0 None X Port latch Port latch
Input port - Pin level
TOBO10OFF, INTPO7 |1 None None - Port latch Alternate input (timer input, external interrupt
Pin level input (necessary to specify valid edge))
CLKOUT 1 None 1 Alternate output | Port latch
(bus output) Pin level
P10to P12 Output port 0 X X Port latch Port latch
Input port - Pin level
TOBOT1, TOBOBH1, 1 0 0 Alternate output | Port latch
TOBOT2 1 (timer output) Pin level
TIBO1 to TIBO3 1 0 1 - Port latch Alternate input (timer input)
Pin level
TOBO1 to TOB03 1 1 0 Alternate output | Port latch
2 (timer output) Pin level
P13 to P15 Output port 0 X X Port latch
Input port _
TOBOB2, TOBOTS3, 1 None 0 Alternate output | Port latch
TOBOB3 (timer output) Pin level
TIB0OO, EVTBO, 1 None 1 - Port latch Alternate input (timer input)
TRGBO Pin level

Remark x:0or1
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Table 4-15. Output Data and Port Read Value for Each Setting (3/12)

Port Name Function PMCmn PFCEmn PFCmn PMmn Output Data Pmn Read Value Remark
P16 Output port 0 X X Port latch Port latch
Input port - Pin level
TOBOO 1 0 0 Alternate output Port latch
(timer output) Pin level
TOBOOFF/INTPO8 1 0 1 - Port latch Alternate input (timer input, external interrupt
Pin level input (necessary to specify valid edge))
ADTRGO/INTADTO |1 1 0 - Port latch Alternate input (A/D input, external interrupt
Pin level input (necessary to specify valid edge))
P17 Output port None None None Port latch Port latch
Input port - Pin level
P20 to P22"* Output port 0 X X Port latch Port latch
Input port - Pin level
TOB1T1™, TOB1B1"™", | 1 0 0 Alternate output 1 | Port latch
TOB1T2"* (timer output) Pin level
TIB11 to TIB13"™* 1 0 1 - Port latch Alternate input (timer input)
Pin level
TOB11to TOB13" |1 1 0 Alternate output 2 | Port latch
(timer output) Pin level
P23"", P24, P25 | Output port 0 X X Port latch Port latch
Input port - Pin level
TOB1B2""*, TOB1T3, | 1 None 0 Alternate output | Port latch
TOB1B3 (timer output) Pin level
TIB10™*, EVTBI, 1 None 1 - Port latch Alternate input (timer input)
TRGB1 Pin level

Note VB850E/IH4-H only

Remark x:0or1
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Table 4-15. Output Data and Port Read Value for Each Setting (4/12)

Port Name Function PMCmn PFCEmn PFCmn PMmn Output Data Pmn Read Value Remark
P26 Output port X Port latch Port latch
Input port - Pin level
TOB10 0 Alternate output 1 | Port latch
(timer output) Pin level
TOB10OFF/INTP10 0 - Port latch Alternate input (timer input, external interrupt
Pin level input (necessary to specify valid edge))
ADTRG1/INTADT1 1 Alternate output 2 | Port latch Alternate input (A/D input, external interrupt
(bus output) Pin level input (necessary to specify valid edge))
P27 Output port X Port latch Port latch
Input port - Pin level
INTPO9 0 - Port latch Alternate input (external interrupt input
Pin level (necessary to specify valid edge))
WRO 0 Alternate output 1 | Port latch
(bus output) Pin level
TOAO1 1 Alternate output 2 | Port latch
(timer output) Pin level

Remark x:0or1
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Table 4-15. Output Data and Port Read Value for Each Setting (5/12)

Port Name Function PMCmn PFCEmn PFCmn PMmn Output Data Pmn Read Value Remark
P30 Output port X Port latch Port latch
Input port - Pin level
RXDAA1 0 - Port latch Alternate input (serial input)
Pin level
SCL 0 Alternate I/O Port latch Output in master mode
(serial I/O) Pin level Input in slave mode
WR1 1 Alternate output Port latch
(bus output) Pin level
P31 Qutput port X Port latch Port latch
Input port - Pin level
TXDA1 0 Alternate output Port latch
(serial output) Pin level
SDA 0 Alternate I/O Port latch QOutput in master mode
(serial I/O) Pin level Input in slave mode
WAIT 1 - Port latch Alternate input (bus input)
Pin level
P32 Output port X Port latch Port latch
Input port - Pin level
SIF1 0 - Port latch Alternate input (serial input)
Pin level
RXDA2 0 - Port latch Alternate input (serial input)
Pin level
CcSs1 1 Alternate output | Port latch
(bus output) Pin level

Remark x:0or1
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Table 4-15. Output Data and Port Read Value for Each Setting (6/12)

Port Name Function PMCmn PFCEmn PFCmn PMmn Output Data Pmn Read Value Remark
P33 Output port None Port latch Port latch
Input port - Pin level
SOF1 None Alternate output 1 | Port latch
(serial output) Pin level
TXDA2 None Alternate output 2 | Port latch
(serial output) Pin level
P34 Output port X Port latch Port latch
Input port - Pin level
SCKF1 0 Alternate 1/O Port latch Output in master mode
(serial I/O) Pin level Input in slave mode
INTP11 0 - Port latch Alternate input (external interrupt input
Pin level (necessary to specify valid edge))
CSo 1 Alternate output | Port latch
(bus output) Pin level
P35 Output port X Port latch Port latch
Input port - Pin level
SIF2 None - Port latch Alternate input (serial input)
Pin level
RXDB None - Port latch Alternate input (serial input)
Pin level

Remark x:0or1
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Table 4-15. Output Data and Port Read Value for Each Setting (7/12)

Port Name Function PMCmn PFCEmn PFCmn PMmn Output Data Pmn Read Value Remark
P36 Output port X Port latch Port latch
Input port - Pin level
SOF2 None Alternate output 1 | Port latch
(serial output) Pin level
TXDB None Alternate output 2 | Port latch
(serial output) Pin level
P37 Output port X Port latch Port latch
Input port - Pin level
SCKF2 0 Alternate I/O Port latch Output in master mode
(serial I/O) Pin level Input in slave mode
INTP12 0 - Port latch Alternate input (external interrupt input
Pin level (necessary to specify valid edge))
ASTB 1 Alternate output Port latch
(bus output) Pin level

Remark x:0or1
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Table 4-15. Output Data and Port Read Value for Each Setting (8/12)

Port Name Function PMCmn PFCEmn PFCmn PMmn Output Data Pmn Read Value Remark
P4Q™* Output port X 0 Port latch Port latch
Input port 1 - Pin level
SIFO 0 0 - Port latch Alternate input (serial input)
1 Pin level
RXDAO 0 0 - Port latch Alternate input (serial input)
1 Pin level
TOAOO0 1 0 Alternate output | Port latch
1 (timer output) Pin level
P41 Qutput port None 0 Port latch Port latch
Input port 1 - Pin level
SOFO0 None 0 Alternate output 1 | Port latch
1 (serial output) Pin level
TXDAO None 0 Alternate output 2 | Port latch
1 (serial output) Pin level

Note The P40 pin is also used for on-chip debugging. Switching between the on-chip debug function and port function (including the alternate function) can be done by using the

DRST pin level. The following shows the setting method.

Remark x:0or1

Port 4 Functions

Low-Level Input to DRST Pin

High-Level Input to DRST Pin

P40/SIFO/RXDAO/TOAQ0

DDI
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Table 4-15. Output Data and Port Read Value for Each Setting (9/12)

Port Name Function PMCmn PFCEmn PFCmn PMmn Output Data Pmn Read Value Remark
P42 Output port X X 0 Port latch Port latch
Input port 1 - Pin level
SCKF0 0 None 0 Alternate I1/0O Port latch Output in master mode
1 (serial 1/0) Pin level Input in slave mode
TOA10 1 None 0 Alternate output Port latch
1 (time output) Pin level
P43"* Output port X X 0 Port latch Port latch
Input port 1 - Pin level
INTP13 None 0 0 - Port latch Alternate input (external interrupt input
1 Pin level (necessary to specify valid edge))
TOA11 None 1 0 Alternate output Port latch
1 (tlme Output) Pin level

Note The P42 and P43 pins are also used for on-chip debugging. Switching between the on-chip debug function and port function (including the alternate function) can be done by

using the DRST pin level. The following shows the setting method.

Remark x:0or1

Port 4 Functions

Low-Level Input to DRST Pin

High-Level Input to DRST Pin

P42/SCKFO/TOA10

DCK

P43/INTP13/TOA11

DMS
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Table 4-15. Output Data and Port Read Value for Each Setting (10/12)

Port Name Function PMCmn PFCEmn PFCmn PMmn Output Data Pmn Read Value Remark
P44 Output port 0 X Port latch Port latch
Input port - Pin level
INTP14 1 None - Port latch Alternate input (external interrupt input
Pin level (necessary to specify valid edge))
RD 1 None Alternate output | Port latch
(bus output) Pin level
P50, P52 Output port 0 X Port latch Port latch
Input port - Pin level
TECR1, TIT10, 1 0 - Port latch Alternate input (timer input)
TENC11, TIT11 Pin level
TOT10, TOT11 1 0 Alternate output | Port latch
(timer output) Pin level
INTP17, INTP19 1 1 - Port latch Alternate input (external interrupt input
Pin level (necessary to specify valid edge))
P51 Output port 0 X Port latch Port latch
Input port - Pin level
TENC10 1 0 - Port latch Alternate input (timer input)
Pin level
EVTTA 1 0 - Port latch Alternate input (timer input)
Pin level
INTP18 1 1 - Port latch Alternate input (external interrupt input
Pin level (necessary to specify valid edge))
UCLK™"™™* 1 1 - Port latch Alternate input (USB clock input)
Pin level

Note VB850E/IG4-H only

Remark x:0or1
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Table 4-15. Output Data and Port Read Value for Each Setting (11/12)

Port Name Function PMCmn PFCEmn PFCmn PMmn Output Data Pmn Read Value Remark
P53 Output port 0 X X 0 Port latch Port latch Alternate input (USB clock input)
Input port 1 - Pin level
UCLK" ™! 1 x x 0 - Port latch
1 Pin level
P54 to P56"" Output port None None None 0 Port latch Port latch
Input port 1 - Pin level
P70 to P711 Input port 0 None None None - Port latch Input-only port
ANI20 to ANI211 1 - Pin level
P90 to P97"*" Output port 0 None None 0 Port latch Port latch
Input port 1 - Pin level
A0 to A7 1 None None 0 Alternate output | Port latch
1 (bus output) Pin level
PDLO to Qutput port 0 None None 0 Port latch Port latch
PDL13™"* Input port 1 - Pin level
ADO to AD13 1 None None 0 Alternate output | Port latch
1 (bus output) Pin level

Notes 1. V850E/IH4-H only
2. The PDLS5 pin is also used in flash programming mode.
MEMORY.

This pin does not have to be manipulated by a port control register. For details, see CHAPTER 27 FLASH

H-YHI/30S8A ‘H-¥OI1/30G8A

SNOILONNH 1dOd ¥ "d31dvHO



LL02 ‘Og des

00'€'A9d 00€0Mr390€0HN LOY

SVS3NI*

¥EV1 JO 85| abed

Table 4-15. Output Data and Port Read Value for Each Setting (12/12)

Port Name Function PMCmn PFCEmn PFCmn PMmn Output Data Pmn Read Value Remark
PDL14, PDL15 Output port 0 None None Port latch Port latch
Input port Pin level
AD14, AD15 1 0 0 Alternate 1/0 Port latch
(bus 1/O) Pin level
TOA20, TOA21 1 0 1 Alternate output | Port latch
(timer output) Pin level
TIA20, TIA21 1 1 0 - Port latch Alternate input (timer input)
Pin level
INTP15, INTP16 1 1 1 - Port latch Alternate input (external interrupt input
Pin level (necessary to specify valid edge))
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4.5 Port Register Settings When Alternate Function Is Used

The following 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.
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Table 4-16. Settings When Pins Are Used for Alternate Functions (1/8)
Pin Name Alternate Function Pnx Bit of Pn Register PMnx Bit of PMn Register PMCnx Bit of PMCn | PFCEnx Bit of PFCEn | PFCnx Bit of PFCn Other Bit
Name /o Register Register Register (Register)

P00 TECRO Input P00 = Setting not required PMOO = Setting not required | PMCO00 = 1 PFCEOQ0 =0 PFC00 =0

TITOO Input P00 = Setting not required PMOO = Setting not required | PMCO00 = 1 PFCEOQ0 =0 PFC00 =0

TOTO0 Output P00 = Setting not required PMOO = Setting not required | PMCO00 = 1 PFCEO0 =0 PFC00 =1

INTPOO Input P00 = Setting not required PMOO = Setting not required | PMCO00 = 1 PFCEOQO0 = 1 PFC00 =0 INTFOO (INTF2), INTROO (INTR2)
PO1 TENCO00 Input P01 = Setting not required PMO1 = Setting not required | PMCO1 =1 PFCEO1 =0 PFCO1=0

EVTTO Input P01 = Setting not required PMO01 = Setting not required | PMCO1 = 1 PFCEO1 =0 PFCO1 =1

INTPO1 Input P01 = Setting not required PMO1 = Setting not required | PMCO1 =1 PFCEO1 =1 PFCO1 =0 INTFO1 (INTF2), INTRO1 (INTR2)
P02 TENCO1 Input P02 = Setting not required PMO2 = Setting not required | PMCO02 = 1 PFCEO2 =0 PFC02=0

TITO1 Input P02 = Setting not required PMO2 = Setting not required | PMCO02 = 1 PFCEO2 =0 PFC02=0

TOTO1 Output P02 = Setting not required PMO02 = Setting not required | PMCO02 = 1 PFCEO2 =0 PFC02 =1

INTPO2 Input P02 = Setting not required PMO02 = Setting not required | PMCO02 = 1 PFCEO2 = 1 PFC02 =0 INTFO2 (INTF2), INTRO2 (INTR2)
P03 TOT20 Output P03 = Setting not required PMO03 = Setting not required | PMCO03 = 1 PFCEO03 =0 PFC03=0

TIT20 Input P03 = Setting not required PMO03 = Setting not required | PMCO03 = 1 PFCEO03 =0 PFCO03 =1

TOT20FF Input P03 = Setting not required PMO3 = Setting not required | PMCO03 = 1 PFCEO3 = 1 PFC03=0

INTPO3 Input P03 = Setting not required PMO03 = Setting not required | PMCO03 = 1 PFCEO3 = 1 PFC03 =0 INTFO3 (INTFO0), INTRO3 (INTRO)
P04 TOT21 Output P04 = Setting not required PMO04 = Setting not required | PMC04 = 1 PFCEO4 =0 PFC04 =0

TIT21 Input P04 = Setting not required PMO04 = Setting not required | PMCO04 = 1 PFCEO4 =0 PFC04 =1

INTPO4 Input P04 = Setting not required PMO04 = Setting not required | PMC04 = 1 PFCE04 = 1 PFC04 =0 INTFO4 (INTFO), INTRO4 (INTRO)
P05 TOT30 Output P05 = Setting not required PMO5 = Setting not required | PMCO05 = 1 PFCEO5 =0 PFC05 =0

TIT30 Input P05 = Setting not required PMO5 = Setting not required | PMCO5 = 1 PFCEO5 =0 PFCO05 =1

TOT30OFF Input P05 = Setting not required PMO5 = Setting not required | PMCO05 = 1 PFCEO5 = 1 PFC05=0

INTPO5 Input P05 = Setting not required PMO05 = Setting not required | PMCO5 = 1 PFCEO05 = 1 PFCO05 =0 INTFO5 (INTFO), INTRO5 (INTRO)
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Table 4-16. Settings When Pins Are Used for Alternate Functions (2/8)
Pin Name Alternate Function Pnx Bit of Pn Register PMnx Bit of PMn Register PMCnx Bit of PMCn | PFCEnx Bit of PFCEn | PFCnx Bit of PFCn Other Bit
Name e Register Register Register (Register)
P06 TOT31 Output P06 = Setting not required PMO06 = Setting not required | PMCO06 = 1 PFCEO06 =0 PFC06 =0
TIT31 Input P06 = Setting not required PMO06 = Setting not required | PMCO06 = 1 PFCEO06 =0 PFCO06 =1
INTPO6 Input P06 = Setting not required | PMO06 = Setting not required | PMCO06 = 1 PFCEO06 = 1 PFCO06 =0 INTFO6 (INTFO0), INTRO6 (INTRO)
PO7 TOBO10OFF Input P07 = Setting not required PMO07 = Setting not required | PMCO07 = 1 - PFC07 =0
INTPO7 Input P07 = Setting not required PMO7 = Setting not required | PMCO07 = 1 - PFC07 =0 INTFO7 (INTFO), INTRO7 (INTRO)
CLKOUT Output P07 = Setting not required PMO07 = Setting not required | PMCO7 = 1 - PFCO07 =1
P10 TOBOT1 Output P10 = Setting not required PM10 = Setting not required | PMC10 =1 PFCE10=0 PFC10=0
TIBO1 Input P10 = Setting not required PM10 = Setting not required | PMC10 =1 PFCE10=0 PFC10 =1
TOBO1 Output P10 = Setting not required PM10 = Setting not required | PMC10 =1 PFCE10 =1 PFC10=0
P11 TOBOB1 Output P11 = Setting not required PM11 = Setting not required | PMC11 =1 PFCE11 =0 PFC11=0
TIBO2 Input P11 = Setting not required PM11 = Setting not required | PMC11 =1 PFCE11 =0 PFC11 =1
TOBO02 Output P11 = Setting not required PM11 = Setting not required | PMC11 =1 PFCE11 =1 PFC11=0
P12 TOBOT2 Output P12 = Setting not required PM12 = Setting not required | PMC12 =1 PFCE12=0 PFC12=0
TIBO3 Input P12 = Setting not required PM12 = Setting not required | PMC12 =1 PFCE12=0 PFC12 =1
TOBO3 Output P12 = Setting not required PM12 = Setting not required | PMC12 =1 PFCE12 =1 PFC12=0
P13 TOBOB2 Output P13 = Setting not required PM13 = Setting not required | PMC13 =1 - PFC13=0
TIBOO Input P13 = Setting not required PM13 = Setting not required | PMC13 =1 - PFC13=1
P14 TOBOT3 Output P14 = Setting not required PM14 = Setting not required | PMC14 = 1 - PFC14 =0
EVTBO Input P14 = Setting not required PM14 = Setting not required | PMC14 =1 - PFC14 =1
P15 TOBOB3 Output P15 = Setting not required PM15 = Setting not required | PMC15 =1 - PFC15=0
TRGBO Input P15 = Setting not required PM15 = Setting not required | PMC15 =1 - PFC15=1
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Table 4-16. Settings When Pins Are Used for Alternate Functions (3/8)
Pin Name Alternate Function Pnx Bit of Pn Register PMnx Bit of PMn Register PMCnx Bit of PMCn PFCEnx Bit of PFCnx Bit of PFCn Other Bit
Name /O Register PFCEn Register Register (Register)
P16 TOBO00 Output P16 = Setting not required PM16 = Setting not required | PMC16 =1 PFCE16 =0 PFC16=0
TOBOOFF Input P16 = Setting not required | PM16 = Setting not required | PMC16 = 1 PFCE16 =0 PFC16 =1
INTPO8 Input P16 = Setting not required | PM16 = Setting not required | PMC16 = 1 PFCE16 =0 PFC16 =1 INTFO8 (INTFO0), INTRO8 (INTRO)
ADTRGO Input P16 = Setting not required | PM16 = Setting not required | PMC16 = 1 PFCE16 =1 PFC16=0
INTADAO Input P16 = Setting not required | PM16 = Setting not required | PMC16 = 1 PFCE16 =1 PFC16=0 ADTFO (ADTF), ADTRO (ADTR)
P17 - - P17 = Setting not required | PM17 = Setting not required - - -
p2o™* TOB1TI™® Output P20 = Setting not required | PM20 = Setting not required | PMC20 = 1 PFCE20 =0 PFC20=0
TIB11"* Input P20 = Setting not required | PM20 = Setting not required | PMC20 = 1 PFCE20 =0 PFC20 =1
TOB11"™* Output P20 = Setting not required | PM20 = Setting not required | PMC20 = 1 PFCE20 = 1 PFC20=0
p21"* TOB1B1"™* Output P21 = Setting not required PM21 = Setting not required | PMC21 =1 PFCE21 =0 PFC21 =0
TIB12"" Input P21 = Setting not required | PM21 = Setting not required | PMC21 =1 PFCE21 =0 PFC21 =1
TOB12"™™* Output P21 = Setting not required | PM21 = Setting not required | PMC21 =1 PFCE21 =1 PFC21 =0
pa2"e TOB1T2"* Output P22 = Setting not required | PM22 = Setting not required | PMC22 = 1 PFCE22 =0 PFC22 =0
TIB13"™" Input P22 = Setting not required | PM22 = Setting not required | PMC22 = 1 PFCE22 =0 PFC22 =1
TOB13"™™* Output P22 = Setting not required | PM22 = Setting not required | PMC22 = 1 PFCE22 =1 PFC22=0
p2g"* TOB1B2"™* Output P23 = Setting not required | PM23 = Setting not required | PMC23 = 1 - PFC23=0
TIB10™* Input P23 = Setting not required | PM23 = Setting not required | PMC23 = 1 - PFC23 =1
P24 TOB1T3 Output P24 = Setting not required | PM24 = Setting not required | PMC24 = 1 - PFC24 =0
EVTB1 Input P24 = Setting not required | PM24 = Setting not required | PMC24 = 1 - PFC24 =1
P25 TOB1B3 Output P25 = Setting not required PM25 = Setting not required | PMC25 = 1 - PFC25=0
TRGB1 Input P25 = Setting not required | PM25 = Setting not required | PMC25 = 1 - PFC25 =1

Note V850E/IH4-H only
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Table 4-16. Settings When Pins Are Used for Alternate Functions (4/8)
Pin Name Alternate Function Pnx Bit of Pn Register PMnx Bit of PMn Register PMCnx Bit of PMCn PFCEnx Bit of PFCnx Bit of PFCn Other Bit
Name e} Register PFCEn Register Register (Register)
P26 TOB10 Output P26 = Setting not required PM26 = Setting not required | PMC26 = 1 PFCE26 =0 PFC26 =0
TOB10OFF Input P26 = Setting not required | PM26 = Setting not required | PMC26 = 1 PFCE26 =0 PFC26 =1
INTP10 Input P26 = Setting not required | PM26 = Setting not required | PMC26 = 1 PFCE26 =0 PFC26 =1 INTF10 (INTF0), INTR10 (INTRO)
ADTRG1 Input P26 = Setting not required | PM26 = Setting not required | PMC26 = 1 PFCE26 = 1 PFC26 =0
INTADT1 Input P26 = Setting not required | PM26 = Setting not required | PMC26 = 1 PFCE26 = 1 PFC26 =0 ADTF1 (ADTF), ADTR1 (ADTR)
P27 INTPO9 Input P27 = Setting not required | PM27 = Setting not required | PMC27 = 1 PFCE27 =0 PFC27 =0 INTF09 (INTFO0), INTR09 (INTRO)
‘WRO Output P27 = Setting not required | PM27 = Setting not required | PMC27 = 1 PFCE27 =0 PFC27 =1
TOAO1 Output P27 = Setting not required | PM27 = Setting not required | PMC27 = 1 PFCE27 =1 PFC27 =0
P30 RXDA1 Input P30 = Setting not required | PM30 = Setting not required | PMC30 = 1 PFCE30=0 PFC30=0
SCL 110 P30 = Setting not required PM30 = Setting not required | PMC30 = 1 PFCE30=0 PFC30 =1 PF30 (PF3) =1
WR1 Output P30 = Setting not required | PM30 = Setting not required | PMC30 = 1 PFCE30 = 1 PFC30=0
P31 TXDA1 Output P31 = Setting not required | PM31 = Setting not required | PMC31 =1 PFCE31 =0 PFC31=0
SDA 110 P31 = Setting not required | PM31 = Setting not required | PMC31 =1 PFCE31 =0 PFC31 =1 PF31 (PF3) =1
‘WAIT Input P31 = Setting not required | PM31 = Setting not required | PMC31 =1 PFCE31 =1 PFC31=0
P32 SIF1 Input P32 = Setting not required PM32 = Setting not required | PMC32 =1 PFCE32=0 PFC32=0
RXDA2 Input P32 = Setting not required | PM32 = Setting not required | PMC32 = 1 PFCE32=0 PFC32 =1
csi1 Output P32 = Setting not required | PM32 = Setting not required | PMC32 = 1 PFCE32 =1 PFC32=0
P33 SOF1 Output P33 = Setting not required | PM33 = Setting not required | PMC33 = 1 - PFC33=0
TXDA2 Output P33 = Setting not required | PM33 = Setting not required | PMC33 = 1 - PFC33=1
P34 SCKF1 I/0 P34 = Setting not required | PM34 = Setting not required | PMC34 = 1 PFCE34 =0 PFC34 =0
INTP11 Input P34 = Setting not required | PM34 = Setting not required | PMC34 = 1 PFCE34 =0 PFC34 =1 INTF11 (INTF1), INTR11 (INTR1)
CSo Output P34 = Setting not required PM34 = Setting not required | PMC34 = 1 PFCE34 =1 PFC34 =0
P35 SIF2 Input P35 = Setting not required | PM35 = Setting not required | PMC35 = 1 - PFC35=0
RXDB Input P35 = Setting not required | PM35 = Setting not required | PMC35 = 1 - PFC35=1
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Table 4-16. Settings When Pins Are Used for Alternate Functions (5/8)

Pin Name Alternate Function Pnx Bit of Pn Register PMnx Bit of PMn Register PMCnx Bit of PMCn | PFCEnx Bit of PFCEn | PFCnx Bit of PFCn Other Bit
Name /0 Register Register Register (Register)
P36 SOF2 Output P36 = Setting not required | PM36 = Setting not required | PMC36 = 1 - PFC36 =0
TXDB Output P36 = Setting not required | PM36 = Setting not required | PMC36 = 1 - PFC36 =1
P37 SCKF2 /0 P37 = Setting not required | PM37 = Setting not required | PMC37 =1 PMCE37 =0 PFC37 =0
INTP12 Input P37 = Setting not required | PM37 = Setting not required | PMC37 = 1 PMCE37 =0 PFC37 =1 INTF12 (INTF1), INTR12 (INTR1)
ASTB Output P37 = Setting not required | PM37 = Setting not required | PMC37 =1 PMCE37 =1 PFC37 =0
P40 SIFO Input P40 = Setting not required | PM40 = Setting not required | PMC40 = 1 PMCE40=0 PFC40=0
RXDAO Input P40 = Setting not required | PM40 = Setting not required | PMC40 = 1 PMCE40=0 PFC40 =1
DDI™* Input P40 = Setting not required | PM40 = Setting not required | PMC40 = Setting not | PFCE40 = Setting not | PFC40 = Setting not
required required required
TOAO00 Output P40 = Setting not required | PM40 = Setting not required | PMC40 = 1 PFCE40 =1 PFC40 =1
P41 SOFO0 Output P41 = Setting not required | PM41 = Setting not required | PMC41 =1 - PFC41=0
TXDAO Output P41 = Setting not required | PM41 = Setting not required | PMC41 =1 - PFC41 =1
P42 ‘SCKFO /0 P42 = Setting not required | PM42 = Setting not required | PMC42 = 1 PFCE42 =0 -
DCK"* Input P42 = Setting not required | PM42 = Setting not required | PMC42 = Setting not | PFCE42 = Setting not -
required required
TOA10 Output P42 = Setting not required | PM42 = Setting not required | PMC42 = 1 PFCE42 =1 -
P43 INTP13 Input P43 = Setting not required | PM43 = Setting not required | PMC43 = 1 - PFC43=0 INTF13 (INTF1), INTR13 (INTR1)
DMS™* Input P43 = Setting not required | PM43 = Setting not required | PMC43 = Setting not - PFC43 = Setting not
required required
TOA11 Output P43 = Setting not required | PM43 = Setting not required | PMC43 = 1 - PFC43 =1

Note The P40, P42, and P43 pins are also used for on-chip debugging. Switching between the on-chip debug function and port function (including the alternate function) can be

done by using the DRST pin level. The following shows the setting method.

Port 4 Functions

Low-Level Input to DRST Pin

High-Level Input to DRST Pin
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P40/SIFO/RXDAO/TOAQ00 DDI
P42/SCKF0/TOA10 DCK
P43/INTP13/TOA11 DMS
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Table 4-16. Settings When Pins Are Used for Alternate Functions (6/8)

Pin Name Alternate Function Pnx Bit of Pn Register PMnx Bit of PMn Register PMCnx Bit of PMCn PFCEnx Bit of PFCnx Bit of PFCn Other Bit
Name /0 Register PFCEn Register Register (Register)
P44 INTP14 Input P44 = Setting not required PM44 = Setting not required | PMC44 =1 - PFC44 =0 INTF14 (INTF1), INTR14 (INTR1)
RD Output P44 = Setting not required | PM44 = Setting not required | PMC44 =1 - PFC44 =1
P50 TECR1 Input P50 = Setting not required | PM50 = Setting not required | PMC50 = 1 PFCES50 =0 PFC50 =0
TIT10 Input P50 = Setting not required | PM50 = Setting not required | PMC50 = 1 PFCES50 =0 PFC50 =0
TOT10 Output P50 = Setting not required | PM50 = Setting not required | PMC50 = 1 PFCES50 =0 PFC50 =1
INTP17 Input P50 = Setting not required | PM50 = Setting not required | PMC50 = 1 PFCES50 = 1 PFC50 =0 INTF17 (INTF3), INTR17 (INTR3)
P51 TENC10 Input P51 = Setting not required | PM51 = Setting not required | PMC51 =1 PFCE51 =0 PFC51 =0
EVTTA1 Input P51 = Setting not required | PM51 = Setting not required | PMC51 =1 PFCE51 =0 PFC51 =1
INTP18 Input P51 = Setting not required | PM51 = Setting not required | PMC51 =1 PFCE51 =1 PFC51 =0 INTF18 (INTF3), INTR18 (INTR3)
UCLK™*! Input P51 = Setting not required | PM51 = Setting not required | PMC51 = 1 PFCE51 =1 PFC51 =1
P52 TENC11 Input P52 = Setting not required | PM52 = Setting not required | PMC52 = 1 PFCE52 =0 PFC52 =0
TIT11 Input P52 = Setting not required | PM52 = Setting not required | PMC52 = 1 PFCE52 =0 PFC52 =0
TOT11 Output P52 = Setting not required | PM52 = Setting not required | PMC52 = 1 PFCE52 =0 PFC52 =1
INTP19 Input P52 = Setting not required | PM52 = Setting not required | PMC52 = 1 PFCE52 =1 PFC52=0 INTF19 (INTF3), INTR19 (INTR3)
P53"*e? UCLK""*? Input P53 = Setting not required | PM53 = Setting not required | PMC53 = 1 - -
P54"e? - - P54 = Setting not required | PM54 = Setting not required - - -
p55tee? - - P55 = Setting not required | PM55 = Setting not required - - -
P56"°? - - P56 = Setting not required | PM56 = Setting not required - - -
P70 ANI20 Input P70 = Setting not required - PMC70 =1 - -
P71 ANI21 Input P71 = Setting not required - PMC71 =1 - -
P72 ANI22 Input P72 = Setting not required - PMC72 =1 - -
P73 ANI23 Input P73 = Setting not required - PMC73 =1 - -

Notes 1. V850E/IG4-H only
2. VB850E/IH4-H only
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Table 4-16. Settings When Pins Are Used for Alternate Functions (7/8)

Pin Name Alternate Function Pnx Bit of Pn Register PMnx Bit of PMn Register PMCnx Bit of PMCn | PFCEnx Bit of PFCEn | PFCnx Bit of PFCn Other Bit
Name o) Register Register Register (Register)
P74 ANI24 Input P74 = Setting not required - PMC74 =1 - -
P75 ANI25 Input P75 = Setting not required - PMC75 =1 - -
P76 ANI26 Input P76 = Setting not required - PMC76 = 1 - -
P77 ANI27 Input P77 = Setting not required - PMC77 =1 - -
P78 ANI28 Input P78 = Setting not required - PMC78 =1 - -
P79 ANI29 Input P79 = Setting not required - PMC79 =1 - -
P710 ANI210 Input P710 = Setting not required - PMC710 =1 - -
P711 ANI211 Input P711 = Setting not required - PMC711 =1 - -
PoQ™* AQ"*® Output P90 = Setting not required | PM90 = Setting not required PMC90 = 1 - -
Po1"* At Output P91 = Setting not required | PM91 = Setting not required PMC91 =1 - -
po2tee A" Output P92 = Setting not required | PM92 = Setting not required PMC92 =1 - -
Po3"* A3 Output P93 = Setting not required | PM93 = Setting not required PMC93 = 1 - -
pPog4tee A4t Output P94 = Setting not required | PM94 = Setting not required PMC94 =1 - -
pPos5"* A" Output P95 = Setting not required | PM95 = Setting not required PMC95 = 1 - -
Po6"* A" Output P96 = Setting not required | PM96 = Setting not required PMC96 = 1 - -
po7"* AT Output P97 = Setting not required | PM97 = Setting not required PMC97 =1 - -
PDLO ADO /0 PDLO = Setting not required | PMDLO = Setting not required | PMCDLO = 1 - -
PDL1 AD1 /0 PDL1 = Setting not required | PMDL1 = Setting not required | PMCDL1 = 1 - -
PDL2 AD2 /0 PDL2 = Setting not required | PMDL2 = Setting not required | PMCDL2 = 1 - -
PDL3 AD3 /0 PDL3 = Setting not required | PMDL3 = Setting not required | PMCDL3 = 1 - -
PDL4 AD4 /0 PDL4 = Setting not required | PMDL4 = Setting not required | PMCDL4 = 1 - -

Note V850E/IH4-H only
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Table 4-16. Settings When Pins Are Used for Alternate Functions (8/8)

Pin Name Alternate Function Pnx Bit of Pn Register PMnx Bit of PMn Register PMCnx Bit of PMCn | PFCEnx Bit of PFCEn | PFCnx Bit of PFCn Other Bit
Name o) Register Register Register (Register)

PDL5 AD5 /0 PDL5 = Setting not required | PMDLS5 = Setting not required | PMCDLS5 = 1 - -

FLMD1"* Input PDL5 = Setting not required | PMDL5 = Setting not required | PMCDL5 = Setting - -

not required

PDL6 AD6 /0 PDL6 = Setting not required | PMDL6 = Setting not required | PMCDL6 = 1 - -
PDL7 AD7 /0 PDL7 = Setting not required | PMDL7 = Setting not required | PMCDL7 =1 - -
PDL8 AD8 /0 PDL8 = Setting not required | PMDL8 = Setting not required | PMCDLS8 = 1 - -
PDL9 AD9 /0 PDL9 = Setting not required | PMDL9 = Setting not required | PMCDL9 = 1 - -
PDL10 AD10 /0 PDL10 = Setting not required | PMDL10 = Setting not required | PMCDL10 =1 - -
PDL11 AD11 /0 PDL11 = Setting not required | PMDL11 = Setting not required | PMCDL11 =1 - -
PDL12 AD12 /0 PDL12 = Setting not required | PMDL12 = Setting not required | PMCDL12 =1 - -
PDL13 AD13 /0 PDL13 = Setting not required | PMDL13 = Setting not required | PMCDL13 = 1 - -
PDL14 AD14 /0 PDL14 = Setting not required | PMDL14 = Setting not required | PMCDL14 = 1 PFCEDL14 =0 PFCDL14 =0

TOA20 Output PDL14 = Setting not required | PMDL14 = Setting not required | PMCDL14 =1 PFCEDL14 =0 PFCDL14 =1

TIA20 Input PDL14 = Setting not required | PMDL14 = Setting not required | PMCDL14 = 1 PFCEDL14 =1 PFCDL14 =0

INTP15 Input PDL14 = Setting not required | PMDL14 = Setting not required | PMCDL14 = 1 PFCEDL14 =1 PFCDL14 =1 INTF15 (INTF1), INTR15 (INTR1)
PDL15 AD15 /0 PDL15 = Setting not required | PMDL15 = Setting not required | PMCDL15 = 1 PFCEDL15 =0 PFCDL15=0

TOA21 Output PDL15 = Setting not required | PMDL15 = Setting not required | PMCDL15 = 1 PFCEDL15=0 PFCDL15 =1

TIA21 Input PDL15 = Setting not required | PMDL15 = Setting not required | PMCDL15 = 1 PFCEDL15 =1 PFCDL15=0

INTP16 Input PDL15 = Setting not required | PMDL15 = Setting not required | PMCDL15 = 1 PFCEDL15 =1 PFCDL15 =1 INTF16 (INTF1), INTR16 (INTR1)

Note The PDLS5 pin is also used in flash programming mode.

This pin does not have to be manipulated by a port control register. For details, see CHAPTER 27 FLASH MEMORY.
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V850E/IG4-H, V850E/IH4-H CHAPTER 4 PORT FUNCTIONS

4.6 Noise Eliminator

A timing controller used to wait until the noise is eliminated is provided for the following pins. Input signals that
change within the noise elimination time are not internally acknowledged.

Cautions 1. The maskable interrupt pins can be used to release the standby mode. For details, see
CHAPTER 20 STANDBY FUNCTION.
2. The digital filter uses clock sampling and therefore cannot acknowledge an input signal
when the peripheral clock (fxx) is stopped (STOP or IDLE mode).
3. The noise eliminator is valid only in the alternate-function mode.
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Table 4-17. Noise Eliminator (1/2)

Target Pin Filter Type Noise Elimination Sampling Clock
Width
RESET Analog filter | Several 10 ns -
DRST
FLMDO
POO/TECRO/TITOO/TOTOO/INTPOO TECRO/TITOO | Digital filter 2, 3 clocks fxx/2, fxx/4, fxx/8, fxx/16,
fxx/32, fxx/64 selectable
INTPOO Analog filter | Several 10 ns -
Digital filter 2, 3 clocks fxx/4, fxx/8, fxx/16, fxx/64,
fxx/256, fxx/1024 selectable
PO1/TENCOO/EVTTO/INTPO1 TENCO00 Digital filter 2, 3 clocks fxx/2, fxx/4, fxx/8, fxx/16,
EVTTO fxx/32, fxx/64 selectable
INTPO1 Analog filter | Several 10 ns -
Digital filter 2, 3 clocks fxx/4, fxx/8, fxx/16, fxx/64,
fxx/256, fxx/1024 selectable
PO2/TENCO1/TITO1/TOTO1/INTPO2 TENCO/TITO1 | Digital filter 2, 3 clocks fxx/2, fxx/4, fxx/8, fxx/16,
fxx/32, fxx/64 selectable
INTPO2 Analog filter | Several 10 ns -
Digital filter 2, 3 clocks fxx/4, Txx/8, fxx/16, fxx/64,
fxx/256, fxx/1024 selectable
P0O3/TOT20/TIT20/TOT20FF/INTP03 TIT20 Digital filter 2, 3 clocks fxx/2, fxx/8 selectable
TOT20FF Analog filter | Several 10 ns -
INTPO3
P04/TOT21/TIT21/INTP04 TIT21 Digital filter 2, 3 clocks fxx/2, fxx/8 selectable
INTPO4 Analog filter | Several 10 ns -
PO5/TOT30/TIT30/TOT30OFF/INTPO5 TIT30 Digital filter 2, 3 clocks fxx/2, fxx/8 selectable
TOT3OFF Analog filter | Several 10 ns -
INTPO5
PO6/TOT31/TIT31/INTP06 TIT31 Digital filter 2, 3 clocks fxx/2, fxx/8 selectable
INTPO6 Analog filter | Several 10 ns -
P07/TOB010OFF/INTPO7/CLKOUT TOBO10OFF
INTPO7
P10/TOBOT1/TIB0O1/TOBO1 TIBO1 Digital filter 3 clocks fxx/8
P11/TOB0B1/TIB02/TOB02 TIB0O2
P12/TOBOT2/TIBO3/TOBO3 TIBO3
P13/TOBOB2/TIBOO TIBOO
P14/TOBOT3/EVTBO EVTBO
P15/TOBOB3/TRGBO TRGBO
P16/TOB00/TOBOOFF/INTPO8/ADTRGO/ TOBOOFF Analog filter | Several 10 ns -
INTADTO INTPOS
ADTRGO
INTADTO
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Table 4-17. Noise Eliminator (2/2)

Target Pin Filter Type Noise Elimination Sampling Clock
Width
P20""°"/TOB1T1""*"/TIB11""/TOB11""" TIB11"*! Digital filter 3 clocks fxx/8
P21™"*YTOB1B1"""/TIB12"""/TOB12""" TIB12""!
p22"°TOB1T2"""/TIB13""/TOB13""" TIB13""!
P23""*"/TOB1B2""* /TIB10""" TIB10™*"
P24/TOB1T3/EVTBA EVTB1
P25/TOB1B3/TRGB1 TRGB1
P26/TOB10/TOB10OFF/INTP10/ADTRG1/ TOB10OFF Analog filter | Several 10 ns -
INTADT1 INTP10
ADTRGH1
INTADT1
P27/INTPO9/WRO/TOA01 INTPO9
P34/SCKF1/INTP11/CS0 INTP11
P37/SCKF2/INTP12/ASTB INTP12
P43/INTP13/DMS/TOA11 INTP13
P44/INTP14/RD INTP14
P50/TECR1/TIT10/TOT10/INTP17 TECR1 Digital filter 2, 3 clocks fxx/2, fxx/4, fxx/8, fxx/16,
TIT10 fxx/32, fxx/64 selectable
INTP17 Analog filter | Several 10 ns -
Digital filter 2, 3 clocks fxx/4, fxx/8, fxx/16, fxx/64,
fxx/256, fxx/1024 selectable
P51/TENC10/EVTT1/INTP18/UCLK""*? TENC10 Digital filter 2, 3 clocks xx2, fxx/4, xx/8, fxx/16,
EVTTH fxx/32, fxx/64 selectable
INTP18 Analog filter | Several 10 ns -
Digital filter 2, 3 clocks fxx/4, fxx/8, fxx/16, fxx/64,
fxx/256, fxx/1024 selectable
P52/TENC11/TIT11/TOT11/INTP19 TENC11 Digital filter 2, 3 clocks xx2, fxx/4, txx/8, xx/16,
TIT11 fxx/32, fxx/64 selectable
INTP19 Analog filter | Several 10 ns -
Digital filter 2, 3 clocks fxx/4, fxx/8, fxx/16, fxx/64,
fxx/256, fxx/1024 selectable
PDL14/AD14/TOA20/TIA20/INTP15 TIA20 Digital filter 2, 3 clocks fxx/2, fxx/8 selectable
INTP15 Analog filter | Several 10 ns -
PDL15/AD15/TOA21/TIA21/INTP16 TIA21 Digital filter 2, 3 clocks fxx/2, fxx/8 selectable
INTP16 Analog filter | Several 10 ns -
Notes 1. V850E/IH4-H only
2. V850E/IG4-H only
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An example of timing of noise elimination by digital filtering for INTP0OO to INTP02, INTP17 to INTP19, timer AA
input pin, and timer T input pin is shown below.

Figure 4-4. Example of Noise Elimination Timing

Noise elimination clock ‘|’|’|||‘|||I|‘|‘|‘|I|‘|I|I|‘|‘|‘|

1

b - - -

A B B Lo I R S SR B
Input signal , i i . . . . . | Sampling . . . . . .
¥ L I 1 H : i i . 3times | i i i : :
Lo E E Ll samng
, , , , , i | 8times | , i
E 1 clock E 1 clock E 2 clocks E 2 clocks E 3 clocks E E 53 clocksi E E
) 1 1 1 1 1 A : 1 1
Internal signal i i i i i i i i
INTPn I ;
rising edge detection '

INTPn
falling edge detection

Caution If there are two or fewer noise elimination clocks while the input signal subject to filtering is
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.

Remark n=00to0 02,17 to 19
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The components of the noise eliminator are shown below.

Figure 4-5. Components of Noise Eliminator (1/2)

(a) Eliminating noise on the INTP0O to INTP02, or INTP17 to INTP19 pins

Noise eliminator
Noise elimination target pin @ Analog noise filter =
g |
fxx/4 %
L ’
» 5 - N
ffxxlxégé % Samping Digital noise filter Edge
x »
fxx/1024 clock detector
] ! I INTFa registerl I INTRa registerl
|INTNFENN|INTNFCn2|INTNFCn1]INTNFCnO|
Digital noise elimination 0 control register n
(INTNFCn)
Remark n=00to 02, 17 to 19
a=2whenn=00to 02
a=3whenn=171t0 19
(b) Eliminating noise on the TIA20 or TIA21 pin
Noise eliminator
Noise elimination target pin @
fxx/2 5
8 - Digital noise filter
© Sampling |
fxd/8 ] clock TAA2
Edge
detector

|TANFC20 I

Digital noise elimination 1 control register 2
(TANFC2)
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Figure 4-5. Components of Noise Eliminator (2/2)

(c) Eliminating noise on the TIT00, TITO1, EVTTO, TENC00, TENCO1, TECRO, TIT10, TIT11, EVTT1, TENC10,
TENC11, or TECR1 pin
Noise eliminator
Noise elimination target pin @ T|
9o
fxx/2 %’j
fox/4 5 @ TMTn
fxf;/x{g 3 " Digital noise filter Edge
Kifgi 3 aé?&'l?g ~ detector
] !
| TTNFENN | TTNFCn2 | TTNFCn1 [ TTNFCno |
Digital noise elimination 2 control register n
(TTNFCn)
Remark n=0,1
d) Eliminating noise on the TIT20, TIT21, TIT30, or TIT31 pin
] Y
Noise eliminator
Noise elimination target pin © T|
a2 5 & T™MTn
8 - Digital noise filter Edge
fxx/8 A Sa;r;;:(ng - detector
ITTNFENn TTNFCnOI
Digital noise elimination 3 control register n
(TTNFCn)
Remark n=2,3
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(1) Digital noise elimination 0 control register n (INTNFCn)
The INTNFCn register is used to select the sampling clock that is used to eliminate digital noise on the
INTPn pin. If the same level is not detected on this pin three times in sequence using the clock selected by
the INTNFCn register, the signal is eliminated as noise.
This register can be read or written in 8-bit units.
Reset sets this register to O0H.

Cautions 1. If the input signal lasts for the duration of 2 or 3 clocks, it is undefined whether the
signal is detected as a valid edge or eliminated as noise. So that the signal is actually
detected as a valid edge, the same signal level must be input for a duration of 3 clocks
or more.

2. If noise is generated in synchronization with the sampling clock, eliminate the noise by
attaching a filter to the input pin.
3. Noise is not eliminated if the pin is used as a normal input port pin.

After reset: 0O0H R/W Address: INTNFC00 FFFFF310H, INTNFCO1 FFFFF312H,
INTNFCO02 FFFFF314H, INTNFC17 FFFFF318H,
INTNFC18 FFFFF31AH, INTNFC19 FFFFF31CH

7 6 5 4 3 2 1 0
INTNFCn [INTNFENn| 0 | 0 | 0 | 0 |INTNFCn2|INTNFCn1|INTNFCno|
[n =00to 02,}
171019 INTNFENn Setting of digital noise elimination
0 Enables analog noise elimination
1 Enables digital noise elimination
INTNFCn2| INTNFCn1| INTNFCnO Sampling clock selection
0 0 0 fxx/4
0 0 1 fxx/8
0 1 0 fxx/16
0 1 1 fxx/64
1 0 0 fxx/256
1 0 1 fxx/1024
Other than above Setting prohibited
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(2) Digital noise elimination 1 control register 2 (TANFC2)
The TANFC2 register is used to select the sampling clock that is used to eliminate digital noise on the TIA20
or TIA21 pin. If the same level is not detected on these pins three times in sequence using the clock
selected by the TANFC2 register, the signal is eliminated as noise.
This register can be read or written in 8-bit units.
Reset sets this register to O0H.

Cautions 1. If the input signal lasts for the duration of 2 or 3 clocks, it is undefined whether the
signal is detected as a valid edge or eliminated as noise. So that the signal is actually
detected as a valid edge, the same signal level must be input for a duration of 3 clocks
or more.

2. If noise is generated in synchronization with the sampling clock, eliminate the noise by
attaching a filter to the input pin.

3. Noise is not eliminated if the pin is used as a normal input port pin.

4. The noise elimination function starts operating when the TAA2CTLO0.TAA2CE bit is set
to 1 (enabling count operations).

After reset: 00H R/W Address: FFFFFB40H

7 6 5 4 3 2 1 0
tancz | o | o | o | o | o | o | o |TANFc2o|
TANFC20 Sampling clock selection
0 fxx/2
1 fxx/8
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(3) Digital noise elimination 2 control register n (TTNFCn)
The TTNFCn register is used to select the sampling clock that is used to eliminate digital noise on the TITnO,
TITn1, EVTTn, TENCNnO, TENCn1, or TECRn pin. If the same level is not detected on these pins three times
in sequence using the clock selected by the TTNFCn register, the signal is eliminated as noise.
This register can be read or written in 8-bit units.
Reset sets this register to O0H.

Cautions 1. If the input signal lasts for the duration of 2 or 3 clocks, it is undefined whether the
signal is detected as a valid edge or eliminated as noise. So that the signal is actually
detected as a valid edge, the same signal level must be input for a duration of 3 clocks
or more.

2. If noise is generated in synchronization with the sampling clock, eliminate the noise by
attaching a filter to the input pin.

3. Noise is not eliminated if the pin is used as a normal input port pin.

4. The noise elimination function starts operating when the TTnCTLO.TTnCE bit is set to 1
(enabling count operations).

After reset: 00H R/W Address: TTNFCO FFFFF5A0H, TTNFC1 FFFFF5A2H

7 6 5 4 3 2 1 0
TINFCn  TTNFENW 0 | o | o | o |TTNFCn2|TTNFCn1|TTNFCnO|
(n=0,1)
TTNFENnN Setting of digital noise elimination
0 Disables digital noise elimination
1 Enables digital noise elimination
TTNFCn2| TTNFCn1| TTNFCnO Sampling clock selection
0 0 0 fxx/2
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
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(4) Digital noise elimination 3

control register n (TTNFCn)

The TTNFCn register is used to select the sampling clock that is used to eliminate digital noise on the TITnO

or TITn1 pin. If the same level is not detected on these pins three times in a row by using the clock selected

by the TTNFCn register, the

signal is eliminated as noise.

This register can be read or written in 8-bit units.
Reset sets this register to O0H.

Cautions 1. If the input signal lasts for the duration of 2 or 3 clocks, it is undefined whether the
signal is detected as a valid edge or eliminated as noise. To actually detect the signal
as a valid edge, the same signal level must be input for a duration of 3 clocks or more.

2. If noise is generated in synchronization with the sampling clock, eliminate the noise by
applying a filter to the input pin.

3. Noise is not eliminated if the pin is used as a normal input port pin.

4. Noise elimination starts when the TTnCTLO.TTnCE bit is set to 1 (enabling counting).

After reset: 00H

R/W Address: TTNFC2 FFFFF7AOH, TTNFC3 FFFFF7A2H

7 6 5 4 3 2 1 0
TINFCn [TTNFENW 0 | o | o | o | o | o [TTnFenol
(n=2,3)
TTNFENnN Setting of digital noise elimination
0 Disables digital noise elimination
1 Enables digital noise elimination
TTNFCnO Sampling clock selection
0 fxx/2
1 fxx/8
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(a) Cautions on eliminating noise on the TENCn0 and TENCn1 pins
When eliminating noise on the TENCn0 and TENCn1 pins (TTNFCn.TTNFENR bit = 1), the following
malfunction might occur.

Figure 4-6. Malfunction in Eliminating Noise on TENCnO and TENCn1 Pins

Noise elimination clock ‘ | | | | | | | | | ‘ | | | ‘ | ‘ | | |

TENCNO pin input signal Noise ——

——

TENCRNO pin input signal
after noise elimination

TENCn1 pin input signal

TENCnN1 pin input signal
after noise elimination

TMTn counter operation \ \ \ \ \ \ \ \ %ecremeM Increment

Because of the setting of the TTnUDS1 and TTnUDSO bits
and the phase of the TENCn0 and TENCn1 pins, the TMTn
operation of incrementing the counter and then decrementing
the counter is originally expected.

Remark The above figure shows the timing when detecting the valid edge on both edges is specified for the
TENCNnO and TENCn1 pins (TTnlOC3.TTnEIS1 and TTnlOC3.TTnEISO bits are set to 11) and
incrementing the counter upon detection of the valid edge of the TENCnO pin input signal and
decrementing the counter upon detection of the valid edge of the TENCn1 pin input signal are
specified (TTNCTL2.TTnUDS1 and TTnCTL2.TTnUDSO bits are set to 01).
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4.7 Cautions

4.71

(1)

Cautions on setting port pins
Set the registers of a port in the following sequence.

<1> Set the PFCn and PFCEn registers.
<2> Set the PMCn register.
<3> Set the INTFn and INTRn registers.

If the PMCn register is set before setting the PFCn and PFCERn registers, an unexpected peripheral function
may be selected while the PFCn and PFCEn registers are being set.

An on-chip pull-up resistor can only be connected when the pins are in input mode in the port mode, or when
the pins function as input pins in the alternate-function mode.

For V850E/IG4-H, an on-chip pull-up resistor can also be connected to the TOT21, TOT31, TOBOT1 to
TOBOT3, TOBOB1 to TOBOB3, TOB1T3, and TOB1B3 pins, which function as output pins in the alternate-
function mode, when these pins go into a high-impedance state due to a signal input to the TOT20FF,
TOT30FF, TOBOOFF, TOBO10OFF, or TOB10OFF pin or software processing.

For V850E/IH4-H, an on-chip pull-up resistor can also be connected to the TOT21, TOT31, TOBOT1 to
TOBOT3, TOBOB1 to TOBOB3, TOB1T1 to TOB1T3, and TOB1B1 to TOB1B3 pins, which function as output
pins in the alternate-function mode, when these pins go into a high-impedance state due to a signal input to
the TOT20FF, TOT30OFF, TOBOOFF, TOBO10OFF, or TOB10OFF pin or software processing.

Set the on-chip pull-up resistor in the following sequence.

<1> Set the PUn register.
<2> Set the PMCn register.
<3> Set the PMn register.

Set the N-ch open-drain in the following sequence.
e Used in port mode

<1> Set the PMCn register.

<2> Set the PFn register.

« Used as output pin in alternate-function mode of I°C
<1> Set the PFCn and PFCEn registers.

<2> Set the PFn register.

<3> Set the PMCn register.
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4.7.2 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 PO0O pin is an output port, PO1 to P07 pins are input ports (all pin statuses are high level),
and the value of the port latch is 00H, if the output of POO pin is changed from low level to high
level via a bit manipulation instruction, the value of the port latch is FFH.
Explanation: The target bits of writing to and reading from the Pn register of a port whose PMnm
bit is 1 are in the output latch status and pin status, respectively.
A bit manipulation instruction is executed in the following order in the V850E/IG4-H and
V850E/IH4-H.

<1> The Pn register is read in 8-bit units.
<2> The targeted one bit is manipulated.
<3> The Pn register is written in 8-bit units.

In step <1>, the value of the output latch (0) of P00 pin, which is an output port, is read, while the
pin statuses of P01 to P07 pins, which are input ports, are read. If the pin statuses of P01 to P07
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 4-7. Bit Manipulation Instruction (P00 Pin)

Bit manipulation

P0O @ instruction P00 @

Low-level output (set1 0, PO[r0])
is executed for

POO bit.

High-level output

P01 to P07 @ I::> P01 to P07 @
Pin status: High level Pin status: High level
Port 0 latch Port 0 latch
(olofofofofofofo] RIENERERENERERED

Bit manipulation instruction for P00 bit

<1> PO register is read in 8-bit units.
* In the case of P00, an output port, the value of the port latch (0) is read.
¢ In the case of P01 to P07, input ports, the pin status (1) is read.

<2> Set (1) the POO bit.

<3> Write the results of <2> to the output latch of PO register in 8-bit units.
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CHAPTER 5 CLOCK GENERATOR

5.1 Overview

The features of clock generator are as follows.

O Oscillator
e In PLL mode: fx = 10 to 12.5 MHz (fxx = 80 to 100 MHz)
¢ In clock-through mode: fx = 10 to 12.5 MHz (fxx = 10 to 12.5 MHz)
O Multiply (x8 fixed) function by PLL (Phase Locked Loop)
¢ Clock-through mode/PLL mode selectable
O Internal system clock generation
o 4 steps (fxx, fxx/2, fxx/4, fxx/8)
O Peripheral clock generation
O Oscillation stabilization time selection

Caution The oscillation guaranteed range is 10 to 12.5 MHz.

Remark fx: Oscillation frequency
fxx: System clock frequency
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5.2 Configuration

Figure 5-1. Clock Generator

SELPLL
bit
IDLE mode CK1, CKO
bits
X1 0O~ ] fx IDLE |fxx
X2 Oscillator |1 PLL] % control[ T Prescaler 2
% fxx/8 _ HALT mode
& o4 | S |
Q
bod2 @ HALT | fopy CPU clock
fxx | @ control
Oscillator fok_ Internal system
stop control clock
STOP mode 14 [ feus. External bus clock
circuit
CLKOUT© Port 0
Oscillation stabilization
time wait
Oscillation stabilization fxx to fxx/4096 i
time wait control (OST) Prescaler 1 Peripheral clock
Watchdog timer
clock
. High impedance
Clock monitor output clock
UCKSEL (timer for motor control)
bit
\
s
] USB clock
@
UCLK® &
Caution Because fcru and fcLk do not go through PLL immediately after reset, and fxx/8 is selected by
prescaler 2, if fx = 10 MHz, fcru and fcLk are 1.25 MHz.
Remark fx: Oscillation frequency
fxx. System clock frequency
fcpu: CPU cock frequency
fck: Internal system clock frequency
fsus: External bus clock frequency
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Table 5-1. Operation Clock of Each Function Block

Function Block Operation Clock

CPU

fcpu (selected from fxx to fxx/8 by PCC register)

DMA, interrupt controller

fok (selected from fxx to fxx/8 by PCC register)

TAA fxx/2

TAB fxx/2

T™T fxx/2

TMM fxx/2

Watchdog timer fxx/1024

UARTA fuctk (selected from fxx/4 to fxx/4096 by UAnCTL1 register)

UARTB fxx/2

CSIF fcerk (selected from fxx/16 to fxx/512 by CFnCTL1 register)

I’c fxx/8

USB function fuse (Can be selected from the external clock input to the UCLK pin or the PLL

output clock (96 MHz) divided by 2, by using the UCKSEL register.)

Bus control function faus = fok/4
A/D converters 0, 1 fano1 (selected from fxx/4 to fxx/10 by ADnOCKS register)
A/D converter 2 fap2 = fxx/2

Remarks 1. fcpu:
fxx:
fork:
fucLk:
feclk:
fBus:
fapo1:
fapz:

2. n=0,

CPU cock frequency

Peripheral clock frequency

Internal system clock frequency

Base clock frequency of UARTAOQ to UARTA2
Base clock frequency of CSIFO to CSIF2
External bus clock frequency

Base clock frequency of A/D converters 0 and 1
Operating clock frequency of A/D converter 2

1
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(1

)

3)

@

(®)

(6)

@

(®)

Oscillator
The main resonator oscillates the following frequencies (fx):

¢ In PLL mode (x8 fixed): fx = 10 to 12.5 MHz (fxx = 80 to 100 MHz)
¢ In clock-through mode: fx = 10 to 12.5 MHz (fxx = 10 to 12.5 MHz)

IDLE control
All functions other than the oscillator, PLL, clock monitor operation, CSIF in slave mode, low-voltage
detector (LVI), and power-on-clear circuit (POC) are stopped.

HALT control
Only the CPU clock (fcpu) is stopped.

PLL

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

It operates in two modes: clock-through mode in which fx is output as is by setting the SELPLL bit of the PLL
control register (PLLCTL), and PLL mode in which a multiplied clock is output.

Prescaler 1
This prescaler generates the clock (fxx to fxx/4096) to be supplied to on-chip peripheral functions.

Prescaler 2
This circuit divides the system clock (fxx).
The clock (fxx to fxx/8) to be supplied to the CPU clock (fcru) and internal system clock (fcik) is generated.

Oscillation stabilization time wait control (OST)

This unit measures the time from when the clock generated by the oscillator was input until oscillation is
stabilized. It also counts the PLL lockup time.

The count clock can be selected from 2'%/fx to 2'/fx.

Clock monitor

The clock monitor samples the clock generated by the oscillator (fx), by using the internal oscillation clock.
When it detects stop of oscillation, output of the timer for motor control goes into a high-impedance state (for
details, see CHAPTER 10 MOTOR CONTROL FUNCTION).
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5.3 Control Registers

The clock generator is controlled by the following six registers.

PLL control register (PLLCTL)
e Processor clock control register (PCC)
Power save control register (PSC)

Power save mode register (PSMR)
Oscillation stabilization time select register (OSTS)
Clock monitor mode register (CLM)

(1) PLL control register (PLLCTL)
The PLLCTL register selects CPU operation clock.
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 [ser| 1 |
SELPLL CPU operation clock selection

0 Clock-through mode
1 PLL mode

Cautions 1. Be sure to set bits 7 to 2 to “0” and set bit 0 to “1”.
2. Setting the SELPLL bit to 1 is enabled only when the PLL clock frequency is stabilized. If
the SELPLL bit is rewritten when the PLL clock frequency is not stabilized (during unlock),
0 is written to the bit. Therefore, be sure to confirm that the PLL mode has been set.
Use the following program for reference.

_loop: setl 1, PLLCTL
tstl 1, PLLCTL
bz _loop

(next instruction)
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(2) Processor clock control register (PCC)
The PCC register is a special register. Data can be written to this register only in a 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.

After reset: 03H R/W Address: FFFFF828H

5 3 2 1 0
pcc [ o | o | o | o | o | o | ckt | cko |
CK1 CKoO Clock selection (fcx/fcpu)
0 0 fxx
0 1 fxx/2
1 0 fxx/4
1 1 fxx/8

Cautions 1. Be sure to set bits 2 to 7 to “0”.
2. Set the PCC register to 00H after the PLL mode is selected (PLLCTL.SELPLL bit = 1).
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(3) Power save control register (PSC)
The PSC register is an 8-bit register that controls the standby function and specifies the standby mode by

setting the STB bit. The PSC register is a special register (see 3.4.8 Special registers). Data can be
written to this register only in a combination of specific sequences.

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: FFFFF1FEH

6 5 <4> 3 2 <1> 0
psc | o 0 o | INTM | o o | s o |
INTM Standby mode control by maskable interrupt request (INTxxNote 1)Note 2

0 Standby mode release by INTxx request enabled

1 Standby mode release by INTxx request disabled
STB Sets operation mode
0 Normal mode

1 Standby mode

Notes 1. For details, see Table 21-1 Interrupt Source List.
2. Setting is valid only in the IDLE mode and STOP mode.

Cautions 1. Be sure to set bits 0, 2, 3, and 5 to 7 to “0”.

2. Before setting a standby mode by setting the STB bit to 1, be sure to set the PCC register
to 03H and then set the STB bit to 1. Otherwise, the standby mode may not be set or
released. After releasing the standby mode, change the value of the PCC register to the
desired value.

3. To set the IDLE mode or STOP mode, set the PCC register to 03H, and the PSMR.PSMO bit

in that order and then set the STB bit to 1.
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(4) Power save mode register (PSMR)
The PSMR register is an 8-bit register that controls the operation in the software standby mode.

This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF820H

7 6 5 4 3 2 1 <0>
PSMR | o0 0 0 0 0 0 o | psmo |
PSMO Specifies operation in software standby mode

0 IDLE mode
1 STOP mode

Cautions 1. Be sure to set bits 1 to 7 to “0”.
2. The PSMO bit is valid only when the PSC.STB bit is 1.
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(5) Oscillation stabilization time select register (OSTS)
The OSTS register selects the oscillation stabilization time until the oscillation stabilizes after the STOP
mode is released by interrupt request.
This register can be read or written in 8-bit units.
Reset sets this register to 05H.

After reset: 05H R/W Address: FFFFF6COH

7 6 5 4 3 2 1 0
osts [ o | o | o | o | osrss|osTs2 | osTst | osTso |
OSTS3 | OSTS2 | OSTS1 | OSTSO Selection of oscillation
stabilization time (fx = 12.5 MHz)
0 1 0 1 2'5/fx (2.62 ms)
0 1 1 0 216/fx (5.24 ms)
0 1 1 1 2'7/fx (10.5 ms)
1 0 0 0 2'8/fx (21.0 ms)
Other than above Setting prohibited

Cautions 1. The wait time does not include the time until the clock oscillation starts (“a” in the figure
below) following release of the STOP mode.

STOP
mode release

|
.

CVop

Voltage waveform X2 pin

2. The default value of the OSTS register after reset is 05H. If a 12.5 MHz resonator is used,
therefore, the oscillation stabilization time is about 2.62 ms. Half the oscillation
stabilization time is consumed by waiting for the lockup of PLL. Therefore, the actual
stabilization time of the resonator is about 1.31 ms. When releasing reset, therefore, make
sure that the oscillation stabilization time is secured during the active period of the reset
signal. To release the STOP mode by an interrupt input other than a reset signal (ﬁ
pin input, reset signal (LVIRES) generation by low-voltage detector (LVI), reset signal
(POCRES) generation by power-on-clear circuit (POC)), the oscillation stabilization time is
determined by the set value of the OSTS register. Therefore, set a time twice as long as
that required for the resonator to stabilize to the OSTS register (because half the
oscillation stabilization time is the stabilization time of PLL).

3. Be sure to set bits 4 to 7 to “0”.

Remark fx: Oscillation frequency

ROTUHO306EJ0300 Rev.3.00 Page 189 of 1434
Sep 30, 2011 RENESAS



V850E/IG4-H, V850E/IH4-H CHAPTER 5 CLOCK GENERATOR

(6) Clock monitor mode register (CLM)
The CLM register sets clock monitor operation mode. The CLM register is a special register. It can be

written only in a 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 00H.

Cautions 1.
2.

After reset: 0OH R/W Address: FFFFF870H

6 5 4 3 1 0
cm [ o | o | o [ o | o | o | o | cwmeE|
CLME Clock monitor operation control
0 Clock monitor operation disabled
1 Clock monitor operation enabled

The CLME bit is cleared to 0 only after reset.

When the CLME bit = 1, the clock monitor function is forcibly stopped if the following
condition is satisfied.

¢ During oscillation stabilization time count after release of STOP mode

When the CLME bit = 1, output of the timer for motor control goes into a high-impedance
state if oscillation (fx) stop is detected. See Figure 10-4 for the target timer output.
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5.4 PLL Function

5.4.1 Overview
The CPU and the operating clock of the peripheral macro can be switched between output of the oscillation
frequency multiplied by 8, and clock-through mode.

When PLL function is used: Input clock (fx) = 10 to 12.5 MHz, output clock (fxx) = 80 to 100 MHz
Clock-through mode: Input clock (fx) = 10 to 12.5 MHz, output clock (fxx) = 10 to 12.5 MHz

5.4.2 PLL mode

In the PLL mode, the oscillation frequency (fx) is multiplied by 8 with the PLL to generate a system clock (fxx).

In the PLL mode, the clock is input from the oscillator to the PLL. A clock at a stable frequency must be supplied
to the internal circuit after the lapse of the lockup time (frequency stabilization time) during which the phase is
locked at a specific frequency and oscillation is stabilized. In the V850E/IG4-H and V850E/IH4-H, the lockup time
after release of reset is secured automatically.

Caution When a resonator of fx = 12.5 MHz is used and if the oscillation stabilization time of that
resonator must be 3 ms (MAX.), the reset input (RESET active) width must be 1.7 ms (MIN.).

5.4.3 Clock-through mode
In the clock-through mode, a system clock (fxx) of the same frequency as the oscillation frequency (fx) is
generated.
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5.5 Operation

5.5.1

Operation of each clock
The following table shows the operation status of each clock.

Table 5-2. Operation Status of Each Clock

Power Save Mode Oscillator PLL Internal | Peripheral | External CPU USB clock Watchdog
(fx) System Clock bus Clock Clock (fuss) Timer
Clock (fxx to (faus) (fepu) Clock™*"
(for) fxx/4096) UCLK PLL
input output

Normal operation v N \ N N

HALT mode 3 x/ x x/ J

IDLE mode y y x x x x y J x

In STOP mode and xhere? xNere? X X X X \ X X

during oscillation

stabilization time count

after release of STOP

mode

During RESET pin \ x = J Moot Notes J y x = x

input**® and

subsequent oscillation

stabilization time count

Notes 1.

2. Operation continues during on-chip debugging.
3. RESET pin input, reset signal (WDTRES) generation by the watchdog timer, reset signal (LVIRES)

The peripheral clock (fxx/1024) is used as the watchdog timer clock.

generation by the low-voltage detector (LVI), or reset signal (POCRES) generation by the power-on-

clear circuit (POC)

4. The output from the prescaler (PRS) in not performed.
5. The clock is not output from the CLKOUT pin.

Remark +: Operating
x: Stopped

5.5.2 Clock output function

The clock output function is used to output the external bus clock (fsus) from the CLKOUT pin. The clock output
function can be used when the internal system clock (fck) is operable, as indicated by the check mark (V) in Table
5-2. The clock output function cannot be used when the internal system clock is stopped (as indicated by the cross

(x) in Table 5-2).
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5.5.3 Operation timing

(1) Power on (power-on reset)

<1>

<2>

<3>

<4>

EVppNote _I

RESET (input) <1>

Fixed oscillation stabilization PLL lockup time
time of clock from oscillator 1.311 ms
1.311 ms (at 12.5 MHz) (at 12.5 MHz)

<3>

OST counter 00H (initialized) XOXOXOOOOOO X 0oH
PLL output clock <2> I EIIII (LHECORDULCFERORRULAEEEEERRR

PLL output stabilized

Internal reset signal [

< UL UiyUvvvivurivvivyUuvvuuuuue
Oscillation stabilization time | .
fcpu ‘ —l I—l —l

‘ <4>
fxx/8 of clock-through mode after RESET

The oscillator is activated during the RESET period that follows power application.

Make sure that the low-level width of the RESET signal is “Oscillation stabilization time of the used
resonator — Fixed oscillation stabilization time” or more, taking the oscillation stabilization time into
consideration.

PLL stops during the RESET period and fixed oscillation stabilization time.

When the fixed oscillation stabilization time that elapses after the RESET signal is released expires,
PLL stop is released, and counting the lockup time starts.

PLL is locked when counting of the lockup time is over. The OST counter is initialized to 00H.

When the lockup time expires, the CPU releases the reset signal and operates in the clock-through
mode (fx). The CPU operation clock (fcru) is fxx/8. The PLL mode can be set by software.

Note V850E/IG4-H: EVboo, EVbp1, EVDD2

V850E/IH4-H: EVboo, EVop1, EVbb2, EVDD3

Cautions 1. The clock generated by the oscillator starts oscillating during the RESET period.

After the RESET signal is released, a specific wait time (fixed oscillation stabilization
time) elapses.

2. To avoid malfunction due to noise, do not change the division ratio of the CPU
operation clock (fcru) by using the PCC register before setting the PLL mode. Before
changing the division ratio, be sure to select the PLL mode.

R0O1UHO306EJ0300 Rev.3.00

Sep 30, 2011

:{E NESAS Page 193 of 1434




V850E/IG4-H, V850E/IH4-H CHAPTER 5 CLOCK GENERATOR

(2) Reset input with power on

Fixed oscillation stabilization PLL lockup time
time of clock from oscillator 1.311 ms
1.311 ms (at 12.5 MHz) (at 12.5 MHz)
EVopNoe! H
ResetVee2 — | <1>
<3>
OST counter 00H (initialized) DOOOOOOOCXOOH
PLL output clock [||||| <2> L

PLL output stabilized

Internal reset signal ' |

x JUyvuuvvurvvvruvrluvvrrivvltuduuuug
i 11/ I IS I S I

<4>
fxx/8 of clock-through mode after reset

<1> The oscillator continues operating during the reset period.
PLL stops during the reset period and fixed oscillation stabilization time.

<2> When the fixed oscillation stabilization time that elapses after the reset signal is released expires, PLL
stop is released, and counting the lockup time starts.

<3> PLL is locked when counting of the lockup time is over. The OST counter is initialized to 00H.

<4> When the lockup time expires, the CPU releases the reset signal and operates in the clock-through
mode (fx). The CPU operation clock (fcru) is fxx/8. The PLL mode can be set by software.

Notes 1. V850E/IG4-H: EVbpo, EVbb1, EVDD2
V850E/IH4-H: EVbpo, EVop1, EVbp2, EVDD3
2. RESET pin input, reset signal (WDTRES) generation by the watchdog timer, reset signal
(LVIRES) generation by the low-voltage detector (LVI), or reset signal (POCRES) generation by
the power-on-clear circuit (POC)

Cautions 1. The clock generated by the oscillator continues operating during a reset.
After the reset signal is released, a specific wait time (fixed oscillation stabilization
time) elapses.
2. To avoid malfunction due to noise, do not change the division ratio of the CPU
operation clock (fcru) by using the PCC register before setting the PLL mode. Before
changing the division ratio, be sure to select the PLL mode.
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(3) When releasing STOP mode by interrupt request

<1>

<2>

<3>

<4>

<5>

<6>

<3>

Fixed oscillation stabilization PLL lockup time

time of clock from oscillator 1.311 ms
1.311 ms (at 12.5 MHz) (at 12.5 MHz)

EVooNete H
<1> <2>
STOP mode released
STOP status In STOP mode

OST counter 00H (initialized) XOXOOOOOOCOK X o0H
PLL output clock |]]|]]]] <4> I ,IIII (LHECORDULCFERORRULAEEEEERRR

PLL output stabilized

X1 U M UyUUvvUvvyuvUuvvuue
e L M

After exiting STOP mode,
clock supply resumes in the status
before STOP mode was set

<5> <6>

When the STOP mode is set, both the oscillator and PLL stop.

At this time, PLL is stopped in the STOP mode. The OST counter is initialized.

When the STOP mode is released, the oscillator is activated and the OST counter starts counting the
oscillation stabilization time. At this time, PLL remains stopped.

When a fixed oscillation stabilization time (1.311 ms) has elapsed, PLL starts operating. The clock
generated by the oscillator must be stabilized before PLL starts operating. The actual oscillation
stabilization time is “fixed oscillation stabilization time”. Take this into consideration when setting a
value to the OSTS register.

After a fixed oscillation stabilization time (1.311 ms) has elapsed, the lockup wait time starts. The
remaining count time of the OST counter is the lockup wait time.

When the lockup time of PLL is over, clock supply to the internal circuitry resumes in the status before
the STOP mode was set.

The operation to be performed when the STOP mode is released by a reset signal (FSET pin input,
reset signal (LVIRES) generation by the low-voltage detector (LVI), reset signal (POCRES)
generation by the power-on-clear circuit (POC)) is the same as that in (1) Power on (power-on
reset) and (2) Reset input with power on.

Note VB850E/IG4-H: EVbbo, EVob1, EVbb2

V850E/IH4-H: EVbbo, EVbp1, EVDD2, EVDD3
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5.6 Clock Monitor

(1) Clock monitor function
The clock monitor samples the clock generated by the oscillator, by using the internal oscillation clock.
When it detects stop of oscillation, output of the timer for motor control goes into a high-impedance state (for
details, see CHAPTER 10 MOTOR CONTROL FUNCTION). The high-impedance state created by the
clock monitor function is released by a reset signal (REﬁ pin input, reset signal (POCRES) generation by
the power-on-clear circuit (POC)) and the pin enters the status after reset.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER AA (TAA)
Timer AA (TAA) is a 16-bit timer/event counter.
The V850E/IG4-H and V850E/IH4-H incorporate TAAQ to TAA2.
6.1 Overview
The TAAn channels are outlined below (n = 0 to 2).

Table 6-1. TAAn Overview

Item TAAO TAA1 TAA2
Clock selection 8 ways 8 ways 8 ways
Capture trigger input pin None None 2
External event count input pin None None 1
External trigger input pin None None 1
Timer counter 1 1 1
Capture/compare register onee et 2
Capture/compare match interrupt request ot ot 2
signal
Overflow interrupt request signal 1 1 1
Timer output pin 2 2 2

Note Compare function only
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6.2 Functions

The functions of TAAn that can be realized differ from one channel to another, as shown in the table below (n =0
to 2).

Table 6-2. TAAn Functions

Function TAAO TAA1 TAA2
Interval timer y S \
External event counter x x N
External trigger pulse output et et \
One-shot pulse output rete? et \
PWM output y S \
Free-running timer et et \
Pulse width measurement x x J
Timer tuning operation \ (TABO) \ (TAB1) x

Notes 1. This function can only be realized by using a software trigger; it cannot be realized by
inputting an external trigger.
2. Compare function only
6.3 Configuration

TAAn includes the following hardware (n = 0 to 2).

Table 6-3. Configuration of TAAn

ltem Configuration
Timer register 16-bit counter x 1
Registers TAAN capture/compare registers 0, 1 (TAANCCRO, TAANCCR1)

TAAnN counter read buffer register (TAANCNT)
CCRO and CCR1 buffer registers

Timer input 2 in total (TIA20, TIA21 pins)"**="*
Timer output 6 in total (TOAQ0, TOAO1, TOA10, TOA11, TOA20, TOA21 pins)"*?
Control registers TAAnR control registers 0, 1 (TAANCTLO, TAANCTL1)

TAAnN 1/O control registers 0 (TAANIOCO)
TAA2 1/O control registers 1, 2 (TAA2I0C1, TAA210C2)
TAAnN option registers 0 (TAANOPTO)

Notes 1. Not provided for TAAO and TAA1
2. The TIA20 pin functions alternately (alternate-function) as a capture trigger input, external event count
input, external trigger input, and timer output (TOA20).
The TIA21 pin functions alternately as a capture trigger input and timer output (TOA21).

Remark n=0to2
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Figure 6-1. TAAO Block Diagram

2 Internal bus 2
2\
TAAOCNT
fxx/2 —]
fxx/4 -
fxx/8 — 5
bos32 —— o 16-bit counter |—’|NTTAOOV
/256 —={ 2 | -~
;%1024a 1%5) U Clear o
xx/2048 — . O TOA00
— =0
xx/4096 ﬁ ! 32 5
e O TOAO1
S
oo I ;
buffer
register CCR1
buffer INTTAOCCO
ﬁ register INTTAOCC1
TAAOCCRO I

TAAOCCR1

Internal bus

Remark fxx: Peripheral clock
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Figure 6-2. TAA1 Block Diagram

) Internal bus {
2\
TAA1CNT
fxx/2 —]
fxx/4 —]
fxx/8 —1 5
fxx/32  —= g —_I 16-bit counter INTTA10OV
/256 —- S L—‘
;%1024a %) U Clear o
xx/2048 — . O TOA10
J— = O
fxx/4096 ﬁ ! 52
5E © TOA11
Ogo
com I :
buffer
register CCR1
buffer INTTA1CCO
ﬁ register INTTA1CC1
TAA1CCRO I

TAA1CCR1

Internal bus

Remark fxx: Peripheral clock
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Figure 6-3. TAA2 Block Diagram

2 Internal bus 2
AN
TAA2CNT
fxx/2 —
fxx/4 ]
fxx/8 — 5
xx/32 — ©
fxx/256 —=| 2 | 16-bit counter —— LA
;x>;//1024% n U ‘CIeT‘
xx/2048 —*™ =
fxx/4096 —| 3 =5 © TOA20
3 ‘ ‘ as
n 3t © TOA21
o
CCRO “ 8
buffer
register CCR1
buffer - ’—»INTTAZCCO
ﬁ register |
| TAA2CCRO | H'—»INTTAECC1
[Noise eliminator
TIA21 @—|ﬁé’§iiﬁ$&"§?,ﬂ TAA2CCR1

2 Internal bus 2

fxx/2 —

Sampling
clock

Selector

fxx/8 —

Remarks 1. fxx: Peripheral clock
2. For the noise eliminator, see 4.6 Noise Eliminator.
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Q)

()

(©)

(4)

(5)

(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.

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 (INTTAnCCO) is generated.

The CCRO buffer register cannot be read or written directly.

The CCRO buffer register is cleared to 0000H after reset, and the TAANCCRO 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
CCRH1 buffer register, a compare match interrupt request signal (INTTAnCC1) is generated.

The CCR1 buffer register cannot be read or written directly.

The CCR1 buffer register is cleared to 0000H after reset, and the TAANCCR1 register is cleared to 0000H.

Edge detector

This circuit detects the valid edges input to the TIA20 and TIA21 pins. No edge, rising edge, falling edge, or
both the rising and falling edges can be selected as the valid edge by using the TAAMIOC1 and TAAmIOC2
registers.

Output controller
This circuit controls the output of the TOA00, TOA01, TOA10, TOA11, TOA20, and TOA21 pins. The output
controller is controlled by the TAANIOCO registers.

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

(1) TAAnN 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: 0OH R/W Address: TAAOCTLO FFFFF660H, TAA1CTLO FFFFF680H,
TAA2CTLO FFFFF6AOH

<7> 6 5 4 3 2 1 0
TAAnCTLO [TAAnCE] o | o | o | o |1Aancks2|TaAnCKs1|TAANCKSO|
(n=0t02)
TAANnCE TAAR operation control
0 TAAnN operation disabled (TAAnN reset asynchronouslyN°'¢)
1 TAAnN operation enabled. TAAn operation start
TAANCKS2| TAANCKS1| TAANCKSO Internal count clock selection
0 0 0 fxx/2
0 0 1 fxx/4
0 1 0 fxx/8
0 1 1 fxx/32
1 0 0 fxx/256
1 0 1 fxx/1024
1 1 0 fxx/2048
1 1 1 fxx/4096

Note The TAAnOPTO.TAAnOVF bit and the 16-bit counter are reset simultaneously. Moreover, timer outputs
(TOANO and TOAN1 pins) are reset to the TAAnIOCO register set status at the same time as the 16-bit
counter is reset.

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 TAAnNCKS2 to TAANCKSO 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) TAAnN control register 1 (TAANCTL1)
The TAANCTL1 register is an 8-bit register that controls the TAAn operation.
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

7

R/W Address: TAAOCTL1 FFFFF661H, TAA1CTL1 FFFFF681H,

6 5

TAA2CTL1 FFFFF6ATH
4 3 2 1 0

TAANCTL1 |TAAaSYENme1

TAANEST ‘TAAZEEE""‘”

0 | o [TAANMD2[TAANMD1TAARMDY|

n=0to2
a=0,1

TAAQSYEM®!

Operation mode selection

0

TAAa single mode

1

Tuning operation mode (see 10.4.5)

TAAa can be used only as an A/D conversion start trigger factor of A/D converters 0
and 1 during the tuning operation. In the tuning operation mode, this bit always
operates in synchronization with TABa.

TAANEST

Software trigger control

0

1

Generates a valid signal for external trigger input.
¢ 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.

The read value of the TAANEST bit is always O.

Notes 1. This bit can be set only in TAAO and TAA1. Be sure to set bit 7 of TAA2 to “0”.
For details of tuning operation mode, see CHAPTER 10 MOTOR CONTROL FUNCTION.
2. This bit can be set only in TAA2. Be sure to set bits 5 of TAAO and TAA1 to “0”.

RO1UHO306EJ0300 Rev.3.00
Sep 30, 2011

RENESAS Page 204 of 1434




V850E/IG4-H, V850E/IH4-H CHAPTER 6 16-BIT TIMER/EVENT COUNTER AA (TAA)

(2/2)

TAA2EEENet! Count clock selection

0 Disable operation with external event count input (TIA20 pin).
(Perform counting with the count clock selected by the
TAA2CTLO.TAA2CKSO to TAA2CTLO.TAA2CKS2 bits.)

1 Enable operationN°te 2 with external event count input (TIA20 pin).
(Perform counting at every valid edge of the external event count input
signal (TIA20 pin).)

The TAA2EEE bit selects whether counting is performed with the internal count
clock or the valid edge of the external event count input.

TAANMD2| TAANMD1| TAANMDO Timer mode selection
0 0 0 Interval timer mode
0 0 1 External event count modeN°te 3
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 modeNete 3
1 1 1 Setting prohibited

Notes 1. This bit can be set only in TAA2. Be sure to set bits 5 of TAAO and TAA1 to “0”.
2. Set the valid edge selection of capture trigger input (TIA20 pin) and external trigger input (TIA20 pin)
to “No edge detection”.
3. The external event count mode and pulse width measurement mode cannot be specified for TAAO
and TAA1.

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. External event count input is selected in the external event count mode regardless of the
value of the TAA2EEE bit.

3. Set the TAAaSYE, TAA2EEE, and TAAnMD2 to TAANMDO bits when the TAANCTLO.TAANnCE
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.

4. Be sure to set bits 3 and 4 to “0”.
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(3) TAAN I/O control register 0 (TAAnIOCO)
The TAANIOCO register is an 8-bit register that controls the timer output (TOANnO, TOAN1 pins).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

(1/2)

After reset: O0H R/W Address: TAAOIOCO FFFFF662H, TAA1I0CO FFFFF682H
TAA2I0CO FFFFF6A2H

5 4 3 <2> 1 <0>
Taanioco | o | o | o | o [TAanoL1|TAAROE1 | TAANOLO | TAANOED |
n=0to2
a=0,1 " i qNot
TAAnOL1 TOANT1 pin output level setting°t®
0 TOANT1 pin starts output at high level.
1 TOAN1 pin starts output at low level.
TAANOE1 TOAN1 pin output setting

0 Timer output prohibited
e Low level is output from the TOAN1 pin when the TAANOL1 bit = 0.
e High level is output from the TOAN1 pin when the TAANOL1 bit = 1.

1 Timer output enabled (A pulse is output from the TOAN1 pin.)

TAANnOLO TOANO pin output level setting™°te

0 TOANO pin starts output at high level.

1 TOANO pin starts output at low level.

TAANOEOQ TOANO pin output setting

0 Timer output prohibited
e Low level is output from the TOANO pin when the TAAnOLO bit = 0.
¢ High level is output from the TOANO pin when the TAAnOLO bit = 1.

1 Timer output enabled (A pulse is output from the TOANO pin.)

Note The output level of the timer output pins (TOANO and TOANn1) specified by the TAAnOLa bit is shown

below.
e When TAAnOLa bit =0 e When TAANnOLa bit = 1
16-bit counter I /I 16-bit counter I /I
TAANCE bit _ [ TAANCE bit _ [
TOAnNa pin output _|_|_ TOAnRa pin output _|_,_
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(2/2)

Cautions 1. If the setting of the TAANIOCO register is changed when TOAnO and TOAn1 are set in the
output 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.

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

3. Even if the TAANOLO or TAANOL1 bit is manipulated when the TAANCE, TAANOEO, and
TAANOET1 bits are 0, the output level of the TOAnO and TOAn1 pins changes.
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(4) TAA21/O control register 1 (TAA2I0C1)
The TAA2IOC1 register is an 8-bit register that controls the valid edge for the capture trigger input signals

(TIA20, TIA21 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: FFFFF6A3H

TAA2IOCH |

7 6 5 4 3 2 1 0
o | o | o | o |TAss3|TAr2s2|TAA2IST|TAA2ISO|
TAA2IS3| TAA21S2 Capture trigger input signal (TIA21 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
TAA2IS1| TAA2ISO| Capture trigger input signal (TIA20 pin) valid edge setting
0 0 No edge detection (capture operation invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge

Detection of both edges

Cautions 1. Rewrite the TAA2IS3 to TAA2ISO bits when the TAA2CTLO0.TAA2CE bit = 0.
(The same value can be written when the TAA2CE bit = 1.)
performed, clear the TAA2CE bit to 0 and then set the bits again.

2. The TAA2IS3 to TAA2ISO bits are valid only in the free-running timer mode (only when the
TAA20PT0.TAA2CCS1 and TAA20PT0.TAA2CCSO bits = 11) and the pulse width
measurement mode. In all other modes, a capture operation is not possible.

If rewriting was mistakenly
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(5) TAA21/0 control register 2 (TAA210C2)
The TAA2I0C2 register is an 8-bit register that controls the valid edge for the external event count input
signal (TIA20 pin) and external trigger input signal (TIA20 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: FFFFF6A4H
7 6 5 4 3 2 1 0
TAA20C2 [ 0 | 0 | 0 | 0 |TAAEES1|TAAEESO|TAAZETST|TAA2ETSO|

TAA2EES1| TAA2EESO| External event count input signal (TIA20 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

TAA2ETS1| TAA2ETSO External trigger input signal (TIA20 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 TAA2EES1, TAA2EESO0, TAA2ETS1, and TAA2ETSO bits when the
TAA2CTLO.TAA2CE bit = 0. (The same value can be written when the TAA2CE bit = 1.) If
rewriting was mistakenly performed, clear the TAA2CE bit to 0 and then set the bits again.

2. The TAA2EES1 and TAA2EESO bits are valid only when the TAA2CTL1.TAA2EEE bit = 1 or
when the external event count mode (the TAA2CTL1.TAA2MD2 to TAA2CTL1.TAA2MDO bits
= 001) has been set.

3. The TAA2ETS1 and TAA2ETSO bits are valid only in the external trigger pulse output mode
or one-shot pulse output mode.
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(6) TAAN option register 0 (TAANOPTO0)
The TAANOPTO register is an 8-bit register that sets the capture/compare operation and detects overflow.
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:  TAAOOPTO FFFFF665H, TAA1TOPTO FFFFF685H,
TAA20PTO FFFFF6A5H

6 5 4 3 2 1 <0>
TAANOPTO [ 0 | o [tAnccstfrasccst™ o | 0 | 0  |TAANOVF|
(n=0to2)
TAA2CCS1Vete TAA2CCR1 register capture/compare selection
0 Compare register selected
1 Capture register selected (cleared by TAA2CTLO.TAA2CE bit = 0)

The TAA2CCSH bit setting is valid only in the free-running timer mode.

TAA2CCSOVete TAA2CCRO register capture/compare selection
0 Compare register selected
1 Capture register selected (cleared by TAA2CTLO.TAA2CE bit = 0)

The TAA2CCSO bit setting is valid only in the free-running timer mode.

TAANOVF TAAn overflow detection flag
Set (1) Overflow occurred
Reset (0) 0 is written to TAANOVF bit or TAANCTLO.TAANCE bit = 0

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

e The TAAnOVF bit is not cleared to 0 even when the TAANOVF bit or the
TAANOPTO register are read when the TAANOVF bit = 1.

» Before clearing the TAANOVF bit to 0 after generation of the INTTAnOV signal,
be sure to confirm (by reading) that the TAANOVF bit is set to 1.

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

Note This bit can be set only in TAA2. Be sure to set bits 4 and 5 of TAAO and TAA1 to “0”.

Cautions 1. Rewrite the TAA2CCS1 and TAA2CCSO0 bits when the TAA2CE bit = 0. (The same value can
be written when the TAA2CE bit = 1.) If rewriting was mistakenly performed, clear the
TAA2CE 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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(7) TAAn capture/compare register 0 (TAANCCRO)
The TAA2CCRO register is a 16-bit register that can be used as a capture register or compare register
depending on the mode. The TAAKCCRO register is a 16-bit register that can only be used as a compare
register.
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 TAA20PT0.TAA2CCSO0 bit. In the pulse width measurement mode, the
TAA2CCRO 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.

Remark n=0t02,k=0,1

After reset: 0000H R/W Address: TAAOCCRO FFFFF666H, TAA1CCRO FFFFF686H,
TAA2CCRO FFFFF6A6H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mancero | | [ L L L[ TP
(n=0t02)
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(a)

(b)

The

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 (INTTAnCCO) is generated. If TOANO pin output is enabled at this time, the output of the TOANO
pin is inverted.

When the TAANCCRO register is used as a cycle register in the interval timer mode, external trigger
pulse output mode, one-shot pulse output mode, and PWM output mode or the TAA2CCRO register is
used as a cycle register in external event count mode, the value of the 16-bit counter is cleared (0000H)
if its count value matches the value of the CCRO bulffer register.

The compare register is not cleared by setting the TAANCTLO.TAANCE bit to 0.

Function as capture register

When the TAA2CCRO 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 TAA2CCRO register if the valid edge of the capture trigger
input pin (TIA20 pin) is detected. In the pulse-width measurement mode, the count value of the 16-bit
counter is stored in the TAA2CCRO register and the 16-bit counter is cleared (0000H) if the valid edge of
the capture trigger input pin (TIA20 pin) is detected.

Even if the capture operation and reading the TAA2CCRO register conflict, the correct value of the
TAA2CCRO register can be read.

The capture register is cleared by setting the TAA2CTL0.TAA2CE bit to 0.

Remark n=0to2

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 None

Notes 1. TAA2 only

2. When using TAAO and TAA1, this function can only be realized by using a software trigger; it
cannot be realized by inputting an external trigger.
3. Writing to the TAANCCR1 register is the trigger.

Remark For anytime write and batch write, see 6.6 (2) Anytime write and batch write.

R0O1UHO306EJ0300 Rev.3.00

Sep 30, 2011

RENESAS Page 212 of 1434



V850E/IG4-H, V850E/IH4-H CHAPTER 6 16-BIT TIMER/EVENT COUNTER AA (TAA)

(8) TAAN capture/compare register 1 (TAANCCR1)
The TAA2CCR1 register is a 16-bit register that can be used as a capture register or compare register
depending on the mode. The TAAKCCR1 register is a 16-bit register that can only be used as a compare
register.
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 TAA20PT0.TAA2CCS1 bit. In the pulse width measurement mode, the
TAA2CCRH1 register can be used only as a capture register. In any other mode, this register can be used
only as a compare register.
The TAANCCRH1 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.

Remark n=0t02,k=0,1

After reset: 0000H R/W Address: TAAOCCR1 FFFFF668H, TAA1CCR1 FFFFF688H,
TAA2CCR1 FFFFF6A8H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
macers | [ [ [ L [ [ PP
(n=0t02)
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(a)

(b)

The

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 (INTTAnCC1) is generated. If TOAn1 pin output is enabled at this time, the output of the TOAN1
pin is inverted.

The compare register is not cleared by setting the TAANCTLO.TAANCE bit to 0.

Function as capture register

When the TAA2CCR1 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 TAA2CCR1 register if the valid edge of the capture trigger
input pin (TIA21 pin) is detected. In the pulse-width measurement mode, the count value of the 16-bit
counter is stored in the TAA2CCR1 register and the 16-bit counter is cleared (0000H) if the valid edge of
the capture trigger input pin (TIA21 pin) is detected.

Even if the capture operation and reading the TAA2CCR1 register conflict, the correct value of the
TAA2CCRI1 register can be read.

The capture register is cleared by setting the TAA2CTL0.TAA2CE bit to 0.

Remark n=0t02

following table shows the functions of the capture/compare register in each mode, and how to write data

to the compare register.

Table 6-5. 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 None

Notes 1. TAA2 only

2. When using TAAO and TAA1, this function can only be realized by using a software trigger. It
cannot be realized by inputting an external trigger.
2. Writing to the TAANCCR1 register is the trigger.

Remark For anytime write and batch write, see 6.6 (2) Anytime write and batch write.
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(9) 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.
The value of the TAANCNT register is cleared to 0000H after reset, and the TAANCE bit is cleared to 0.

After reset: 0000H R Address: TAAOCNT FFFFF66AH, TAAICNT FFFFF68AH,
TAA2CNT FFFFF6AAH
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
waent | ] ] [ PP ]
(n=0to02)

6.5 Timer Output Operations
The following table shows the operations and output levels of the TOANO and TOAnN1 pins.

Table 6-6. Timer Output Control in Each Mode

Operation Mode TOAnN1 Pin TOANO Pin
Interval timer mode PWM output
External event count mode None
External trigger pulse output mode External trigger pulse output PWM output
One-shot pulse output mode One-shot pulse output
PWM output mode PWM output
Free-running timer mode PWM output (only when compare function is used)
Pulse width measurement mode None

Remark n=0t02
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Table 6-7. Truth Table of TOAN0 and TOAN1 Pins Under Control of Timer Output Control Bits

TAANnIOCO.TAANOLa Bit

TAAnIOCO.TAANOEa Bit

TAANnCTLO.TAANCE Bit

Level of TOAna 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 n=0t02,a=0,1

6.6 Operation

The functions of TAAn that can be achieved differ from one channel to another. The functions of each channel

are shown below.

Table 6-8. TAAO and TAA1 Specifications in Each Mode

Operation Software Trigger Bit | External Trigger Input | Capture/Compare Compare Register
Register Setting Write Method

Interval timer mode Invalid Invalid Compare only Anytime write
External event count mode None

External trigger pulse output mode™™ | Valid Invalid Compare only Batch write
One-shot pulse output mode™™* Valid Invalid Compare only Anytime write

PWM output mode Invalid Invalid Compare only Batch write
Free-running timer mode Invalid Invalid Compare only Anytime write

Pulse width measurement mode

None

Remarks 1.

TAAa does not have timer input pins (TIAa0, TIAa1). It has interrupt request signals (INTTAaCCO,

INTTAaCC1) on a match between the value of the 16-bit counter and the values of the TAAaCCRO
and TAAaCCR1 registers.

2. TAAa has a function to execute tuning with TABa.

CONTROL FUNCTION.

3. a=0,1

For details, see CHAPTER 10 MOTOR

Note When using the external trigger pulse output mode and one-shot pulse output mode, select the internal
clock as the count clock (by clearing the TAAaCTL1.TAAaEEE bit to 0).
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Table 6-9. TAA2 Specifications in Each Mode

Operation TAA2CTL1.TAA2EST TIA20 Pin Capture/Compare Compare Register
Bit (External Trigger Input)]  Register Setting Write Method
(Software Trigger Bit)

Interval timer mode Invalid Invalid Compare only Anytime write
External event count mode™*’ Invalid Invalid Compare only Anytime write
External trigger pulse output Valid Valid Compare only Batch write
modeNote 2

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

Notes 1. When using the external event count mode, set the TIA20 pin capture trigger input valid edge selection
to “No edge detection”. (Clear the TAA2I0C1.TAA2IS1 and TAA2I0C1.TAA2ISO0 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 TAA2CTL1.TAA2EEE

bit to 0).
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(1) Cou
This

nter basic operation
section explains the basic operation of the 16-bit counter. For details, refer to the description of the

operation in each mode.

Remark n=0to2

(a)

(b)

()

(d)

Counter start operation
¢ In external event count mode
When the TAA2CTLO.TAA2CE bit is set from 0 to 1, the 16-bit counter is set to 0000H.
After that, it counts up to 0001H, 0002H, 0003H, ... each time the valid edge of external event count
input (TIA20) is detected.
¢ In modes other than the above
Starts counting from the default value FFFFH.
It counts up from FFFFH to 0000H, 0001H, 0002H, 0003H, and so on.

Clear operation

The 16-bit counter is cleared to 0000H when its value matches the value of the compare register and is
cleared, and when its value is captured and cleared. The counting operation from FFFFH to 0000H that
takes place immediately after the counter has started counting or when the counter overflows is not a
clearing operation. Therefore, the INTTANCCO and INTTAnCC1 interrupt signals are not generated.

Overflow operation

The 16-bit counter overflows when the counter counts up from FFFFH to 0000H in the free-running timer
mode or pulse width measurement mode. If the counter overflows, the TAANOPTO.TAAnOVF bit is set to
1 and an interrupt request signal (INTTAnOV) is generated. Note that the INTTAnOV signal is not
generated under the following conditions.

e Immediately after a counting operation has been started

o If the counter value matches the compare value FFFFH and is cleared

e When FFFFH is captured and cleared in the pulse width measurement mode and the counter counts
up from FFFFH to 0000H

Caution After the overflow interrupt request signal (INTTAnOV) has been generated, be sure to
check that the overflow flag (TAANOVF bit) is set to 1.

Counter read operation during counting operation

The value of the 16-bit counter of TAAn can be read by using the TAANCNT register during the count
operation. When the TAANCTLO.TAANCE bit = 1, the value of the 16-bit counter can be read by reading
the TAANCNT register. When the TAANCTLO.TAANCE bit = 0, the 16-bit counter is FFFFH and the
TAANCNT register is 0000H.
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(e) Interrupt operation
TAAnN generates the following three types of interrupt request signals.

e INTTANCCO interrupt:  This signal functions as a match interrupt request signal of the CCRO buffer
register and as a capture interrupt request signal to the TAANCCRO register.

e INTTANCCH interrupt:  This signal functions as a match interrupt request signal of the CCR1 buffer
register and as a capture interrupt request signal to the TAANCCR1 register.

¢ INTTANOV interrupt: This signal functions as an overflow interrupt request signal.
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(2) Anytime write and batch write
The TAAnCCRO and TAAnCCR1 registers in TAAn can be rewritten during timer operation
(TAANCTLO.TAANCE bit = 1), but the write method (anytime write, batch write) of the CCR0O 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 CCRO
and CCR1 buffer registers during timer operation.

Remark n=0to02

Figure 6-4. Flowchart of Basic Operation for Anytime Write

( START )

Initial settings

¢ Set values to TAANCCRa register
o Timer operation enable

(TAANCE bit=1)

— Transfer values of TAANCCRa
register to CCRa buffer
register

|

TAANnCCRa register rewrite
— Transfer to CCRa buffer register

Timer operation

e Match between 16-bit counter
and CCR1 buffer registerN°'®

e Match between 16-bit counter
and CCRO buffer register

e 16-bit counter clear & start

INTTANCC1 signal output

— INTTANCCO 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.

Remarks 1. The above flowchart illustrates an example of the operation in the interval timer mode.
2. n=0to2
a=0,1
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Figure 6-5. Timing of Anytime Write

TAANCE bit = 1
FFFFH Dot Do
Doz
16-bit counter D11 D11/ D12/ D12 -
0000H
TAANCCRO register Dor X Do
| [ [ [ )T ]
CCRO buffer register OOOOHX Dot X Doz
TAANCCR1 register D11 X D12
| [ [T [ 1
CCR1 buffer register  0000H D11 X D12

INTTANCCO signal

INTTANCC1 signal

Remarks 1. Do1, Doz2: Set values of the TAANCCRO register
D11, D12: Set values of the TAANCCR1 register
2. The above timing chart illustrates an example of the operation in the interval timer mode.
3. n=0to2
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(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 TAANCCR1 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 TAAnNCCR1 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 TAANCCRO register, also
write the same value (same as preset value of the TAANCCR1 register) to the TAANCCR1 register.

Remark n=0to02
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Figure 6-6. Flowchart of Basic Operation for Batch Write

‘ START )

Initial settings

o Set values to TAANCCRa register
o Timer operation enable (TAANCE
bit = 1)
— Transfer values of
TAANCCRa register to
CCRa buffer register

TAANCCRO register rewrite

TAANCCR1 register rewrite

Timer operation

e Match between 16-bit counter
and CCR1 buffer registerNete

o Match between 16-bit counter
and CCRO buffer register

¢ 16-bit counter clear & start

o Transfer of values of TAANCCRa
register to CCRa buffer register

— Batch write enable

INTTANCC1 signal output

— INTTANCCO signal output

value.

a=0,1

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

Caution Writing to the TAANCCR1 register includes enabling of batch write. Thus, rewrite the
TAANCCRT1 register after rewriting the TAANCCRO register.

Remarks 1. The above flowchart illustrates an example of the operation in the PWM output mode.
2. n=0to2
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Figure 6-7. Timing of Batch Write

TAANCE bit = 1

—_— Dot

FFFFH
D11/ Doz Doz A
16-bit counter / D12/ D1z / D12/ Diz ~
0000H /

TAANCCRO register Dot X D X Dos

] | (] [ ] L 11 1 |

; ¥ ¥

CCRO buffer register OOOOHX' Dot X Notel:?loz X - Note 1 Dos

\ \ \ \ | {_Same value write |
TAANCCR1 register Di1 XNote 2 D X Note 3 Di2

] | (] [ ] L 11 1 |
CCR1 buffer register 0000H D11 J D12 J D12

Note 1 Note 1 —
INTTANCCO signal

INTTANCC1 signal

TOANO pin output

TOAN1 pin output

Notes 1. Because the TAANCCR1 register was not rewritten, Dos is not transferred.

2. Because the TAANCCR1 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 TAANCCRO
register (Do1).

3. Because the TAANCCR1 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 TAANCCRO
register (Do2).

Remarks 1. Do1, Doz, Dos: Set values of TAANCCRO register
D11, D12: Set values of TAANCCR1 register
2. The above timing chart illustrates the operation in the PWM output mode as an example.
3. n=0to2
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6.6.1 Interval timer mode (TAANMD2 to TAANMDO bits = 000)

In the interval timer mode, an interrupt request signal (INTTAnCCO) is generated at the interval set by the
TAANCCRO register if the TAANCTLO.TAANCE bit is set to 1. A PWM waveform with a duty factor of 50% whose half
cycle is equal to the interval can be output from the TOANO pin.

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, and when the count value of the 16-bit counter matches the value of the
CCR1 buffer register, a compare match interrupt request signal (INTTANCC1) is generated. In addition, a PWM
waveform with a duty factor of 50%, which is inverted when the INTTANCC1 signal is generated, can be output from
the TOAN1 pin.

The value of the TAANCCRO and TAANCCR1 registers can be rewritten even while the timer is operating.

Figure 6-8. Configuration of Interval Timer

Clear

Count clock . QOutput )
selection } 16-bit counter 1 controller ©) TOANO pin

Match signal
& alch signa INTTANCCO signal

{}

TAANCE bit CCRO buffer register

i

TAANnCCRO register

Remark n=0t02

Figure 6-9. Basic Timing of Operation in Interval Timer Mode

FFFFH

. Do — Do — Do A Do N
16-bit counter

0000H

TAANCE bit

TAANnCCRO register:x Do

TOANO pin output

INTTANCCO signal _l —l —l —l

Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1)

Remark n=0to2
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When the TAANCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0O00H in
synchronization with the count clock, and the counter starts counting. At this time, the output of the TOANO 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 TOANO pin is inverted, and a compare match interrupt request signal
(INTTAnCCO) is generated.

The interval can be calculated by the following expression.

Interval = (Set value of TAANCCRO register + 1) x Count clock cycle
Remark n=0to2

Figure 6-10. Register Setting for Interval Timer Mode Operation (1/3)

(a) TAAnN control register 0 (TAANCTLO)

TAANCE TAANCKS2 TAANCKS1 TAANCKSO
TAAnCTLOl oA ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ o ‘ 0/1|

—— Select count clock

0: Stop counting
1: Enable counting

(b) TAAnN control register 1 (TAAnNCTL1)

TAAaSYE TAANEST TAA2EEE TAANMD2 TAANMD1 TAARMDO
TAANCTL1 | 0 ‘ 0 ‘ 0/{Note

o | o o of o]
| |

0,0,0:
Interval timer mode

0: Operate on count
clock selected by
TAA2CKSO to
TAA2CKS2 bits

1: Count with external
event count input signal

Note The TAA2EEE bit can be set to 1 only when timer output (TOA21) is used. However, set the
TAA2CCRO and TAA2CCR1 registers to the same value.
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Figure 6-10. Register Setting for Interval Timer Mode Operation (2/3)

(c) TAAn /O control register 0 (TAAnNIOCO)

TAAnOL1 TAAnOE1 TAANnOLO TAANnOEO

TAAnIOCOl 0 0 \ 0/1 \ 0/1 \ 0/1 \ 0/1 |

0: Disable TOANO pin output
1: Enable TOANO pin output

Setting of TOANO pin output
level before count operation
0: Low level
1: High level

0: Disable TOAN1 pin output
1: Enable TOAN1 pin output

Setting of TOAN1 pin output
level before count operation
0: Low level
1: High level

(d) TAA2 1/O control register 2 (TAA210C2)

TAA2EES1 TAA2EESO TAA2ETS1 TAA2ETSO
0 0 |

0 ‘ 0/1 Note 0/1 Note

L]

TAA2I0C2 | 0

Select valid edge of external
event count input (TIA20 pin).

Note The TAA2EES1 and TAA2EESO bits can be set only when timer output (TOA21) is used.
However, set the TAA2CCRO and TAA2CCR1 registers to the same value.

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

(f) 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
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Figure 6-10. Register Setting for Interval Timer Mode Operation (3/3)

(g) TAAn capture/compare register 1 (TAAnNCCR1)

The TAAnCCR1 register is not used in the interval timer mode. However, the set value of the
TAANCCRI1 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 TOAn1 pin output is inverted and a
compare match interrupt request signal (INTTAnNCC1) is generated.

By setting this register to the same value as the value set in the TAANCCRO register, a PWM waveform
with a duty factor of 50% can be output from the TOAn1 pin.

When the TAANCCR1 register is not used, it is recommended to set the value to FFFFH. Also mask
the register by the interrupt mask flag (TAANCCIC1.TAAnCCMK1).

Remarks 1. TAA2 I/O control register 1 (TAA2I0C1) and TAAn option register 0 (TAANOPTO) are not
used in the interval timer mode.
2. n=0to2
a=0,1
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(1) Interval timer mode operation flow

Figure 6-11. Software Processing Flow in Interval Timer Mode (1/2)

FFFFH

. Do — Do — Do _
16-bit counter

0000H

TAANCE bit

TAANCCRO register x Do

TOANO pin output

INTTANCCO signal —| —| —|

<1> <2>

<1> Count operation start flow

Cor D

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,
TAA2I0C2 registerhte,
TAANCCRO register

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

Note The TAA2EES1 and TAA2EESO bits can be set only when timer output (TOA21) is used. However,
set the TAA2CCRO and TAA2CCRH1 registers to the same value.

Remark n=0t02
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Figure 6-11. Software Processing Flow in Interval Timer Mode (2/2)

<2> Count operation stop flow

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

The output level of the TOANO pin is as
specified by the TAAnIOCO register.
C s )
Remark n=0to2

(2) Interval timer mode operation timing

(a) Operation if TAANCCRO register is set to 0000H
If the TAANCCRO register is set to 0000H, the INTTAnCCO signal is generated at each count clock, and
the output of the TOANO pin is inverted.
The value of the 16-bit counter is always 0000H.

Count clock
16-bit counter FFFFH 0000H 0000H 0000H 0000H
TAANCE bit
TAANCCRO register 0000H

TOANO pin output

INTTANCCO signal

Interval time Interval time Interval time
Count clock cycle | Count clock cycle | Count clock cycle

Remark n=0to2
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(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 INTTAnCCO signal is generated
and the output of the TOANO pin is inverted. At this time, an overflow interrupt request signal
(INTTAnQV) is not generated, nor is the overflow flag (TAANOPTO.TAANOVF bit) set to 1.

FFFFH

16-bit counter

0000H

TAANCE bit

TAANCCRO register

TOANO pin output

INTTANCCO signal

Remark n=0to2

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 TAANCCRO register
If the value of the TAANCCRO 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
D1 — D1

16-bit counter
D2 Do2—— D2——

0000H

TAANCE bit J

TAANCCRO register D1 D2

TAANOLO bit L

TOANO pin output

‘

INTTANCCO signal _| _|

Interval time (1) Interval time (NG) Interval
time (2)

Remarks 1. 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
2. n=0to2

If the value of the TAANCCRO register is changed from D+ 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 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 INTTAnCCO
signal is generated and the output of the TOANO pin is inverted.

Therefore, the INTTANCCO 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 cycle”.
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(d) Operation of TAANCCR1 register

Figure 6-12. Configuration of TAANCCR1 Register

TAANCCR1 register

iy

. Output )
CCR1 buffer register controller © TOANT1 pin
& Match signal INTTANCC1 signal
Clear
Count clock . Output .
selection } 16-bit counter ™1 controller —=©) TOANO pin
1 etcn sgna INTTANCGO signal
TAANCE bit CCRO buffer register
TAANCCRO register

Remark n=0to2
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When the TAANCCR1 register is set to the same value as the TAANCCRO register, the INTTANCCO
signal is generated at the same timing as the INTTAnCC1 signal and the TOANn1 pin output is inverted.
In other words, a PWM waveform with a duty factor of 50% can be output from the TOAn1 pin.

The following shows the operation when the TAANCCR1 register is set to other than the value set in the
TAANCCRO register.

If the set value of the TAANCCR1 register is less than the set value of the TAANCCRO register, the
INTTANCC1 signal is generated once per cycle. At the same time, the output of the TOAn1 pin is
inverted.

The TOAN1 pin outputs a PWM waveform with a duty factor of 50% after outputting a short-width pulse.

Figure 6-13. Timing Chart When Dot > D11

FFFFH
Dot Dot

A — Dot — Do1 —
16-bit counter D11 Z D11 Z D11 Z D11 Z

0000H

TAANCE bit

TAANCCRO register Do1

TOANO pin output

INTTANCCO signal —| —| —| —|

TAANCCRI register D1

TOANT1 pin output

INTTANCC1 signal —| —| —| —|

Remark n=0to2
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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
INTTANCC1 signal is not generated, nor is the output of the TOANn1 pin changed.

When the TAANCCR1 register is not used, it is recommended to set its value to FFFFH.

Figure 6-14. Timing Chart When Do1 < D11

FFFFH

16-bit counter

0000H

TAANCE bit J

TAANCCRO register Dot

TOANO pin output

INTTANCCO signal —| —| —| —|

TAANCCRI register D1

TOAN1 pin output

INTTANCC1 signal L

Remark n=0to2
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(3) Operation by external event count input (TIA20)

(a) Operation
To count the 16-bit counter at the valid edge of the external event count input (TIA20) in the interval timer
mode, the 16-bit counter is cleared from FFFFH to 0000H by the valid edge of the external event count
after the TAA2CE bit is set from 0 to 1.
When 0001H is set to both the TAA2CCRO and TAA2CCRH1 registers, the TOA21 pin output is inverted
each time the 16-bit counter counts twice.
The TAA2CTL1.TAA2EEE bit can be set to 1 in the interval timer mode only when the timer output
(TOA21) is used with the external event count input.

FFFFH =~ ———

16-bit counter 0001H 0001H 0001H

0000H —

TAA2CE bit

External event count input J

(TIA20 pin input)

Bl

TAA2CCRO register 0001H 0001H 0001H

TAA2CCR1 register 0001H 0001H 0001H

TOA21 pin output

2-count width 2-count width 2-count width
Number of external Number of external Number of external
events: 2 events: 2 events: 2
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6.6.2 External event count mode (TAA2MD2 to TAA2MDO bits = 001)

This mode is valid only in TAA2.

In the external event count mode, the valid edge of the external event count input (TIA20) is counted when the
TAA2CTLO.TAA2CE bit is set to 1, and an interrupt request signal (INTTA2CCO) is generated each time the number
of edges set by the TAA2CCRO register have been counted. The TOA20 and TOA21 pins cannot be used. When
using the TOA21 pin for external event count input, set the TAA2CTL1.TAA2EEE bit to 1 in the interval timer mode
(see 6.6.1 (3) Operation by external event count input (TIA20)).

The TAA2CCRH1 register is not used in the external event count mode.

Figure 6-15. Configuration in External Event Count Mode

Clear
TIA20 pin Ed
ge .
(exterr_lal event O—= detector ] >—* 16-bit counter
count input)
Match signal
{} atch signa INTTA2CCO signal
TAA2CE bit CCRO buffer register
TAA2CCRO register
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Figure 6-16. Basic Timing in External Event Count Mode

FFFFH ,/‘\\/—\\

Do Do -
16-bit counter !

0000H . :
; I External event
TAA2CE bit ! ! count input | | | | | |
_ ' H (TIA20 pin input)
TAA2CCRO register x Do:
INTTA2CCO signal _| _l | INTTA2CCO signal |

External | External 1 External
event event event
count count count
(Do+1) (Do+1) (Do+1)

16-bit counter Do -1 X Do 0000 X0001

H TAA2CCRO register 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 TAA2CE 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
TAA2CCRO 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 (INTTA2CCO) is generated.

The INTTA2CCO signal is generated each time the valid edge of the external event count input has been
detected “value set to TAA2CCRO register + 1” times.

Figure 6-17. Register Setting for Operation in External Event Count Mode (1/2)

(a) TAA2 control register 0 (TAA2CTLO)

TAA2CE TAA2CKS2 TAA2CKS1 TAA2CKSO
TAA2CTLO | 01 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 |

‘ 0: Stop counting
1: Enable counting

(b) TAA2 control register 1 (TAA2CTL1)

TAAQSYE TAA2EST TAA2EEE TAA2MD2 TAA2MD1 TAA2MDO
TAAZCTL1|0‘O‘O‘O‘O‘O‘O‘1|

0,0,1:
External event count mode

(c) TAA21/0O control register 2 (TAA210C2)

TAA2EES1 TAA2EESO TAA2ETS1 TAA2ETSO
TAA210C2 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 01 ‘ 0 ‘ 0 |

L

Select valid edge
of external event
count input (TIA20 pin)

(d) TAA2 counter read buffer register (TAA2CNT)
The count value of the 16-bit counter can be read by reading the TAA2CNT register.

(e) TAA2 capture/compare register 0 (TAA2CCRO)
If the TAA2CCRO 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 (INTTA2CCO) is generated.
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Figure 6-17. Register Setting for Operation in External Event Count Mode (2/2)

(f) TAA2 capture/compare register 1 (TAA2CCR1)
The TAA2CCR1 register is not used in the external event count mode. However, the set value of the
TAA2CCRI1 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
(INTTA2CC1) is generated.
When the TAA2CCR1 register is not used, it is recommended to set the value to FFFFH. Also mask
the register by the interrupt mask flag (TAA2CCIC1.TAA2CCMK1).

Cautions 1. Set the TAA2I0CO register to 00H.
2. When an external clock is used as the count clock, the external clock can be input
only from the TIA20 pin.
At this time, set the TAA2I0C1.TAA2IS1 and TAA2I0C1.TAA2IS0 bits to 00 (capture
trigger input (TIA20 pin): no edge detection)

Remarks 1. TAA2 I/O control register 1 (TAA2I0OC1) and TAA2 option register 0 (TAA20PTO) are not
used in the external event count mode.
2. a=0,1
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(1) External event count mode operation flow

Figure 6-18. Software Processing Flow in External Event Count Mode

FFFFH

Do —— Do —— Do M
16-bit counter

0000H

TAA2CE bit

TAA2CCRO register x Do

INTTA2CCO signal —| —| —|

<1> <2>

<1> Count operation start flow

(o )

Register initial setting Initial setting of these registers
TAA2CTLA1 register, is performed before setting the
TAA2IOC2 register, TAA2CE bit to 1.

TAA2CCRO, TAA2CCR1 registers

TAA2CE bit =1

<2> Count operation stop flow

The counter is initialized and counting
TAA2CE bit=0 is stopped by clearing the TAA2CE bit to 0.

=
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(2) Operation timing in external event count mode

Caution In the external event count mode, use of the timer output (TOA20, TOA21) is disabled. If
using timer output (TOA21) with external event count input (TIA20), set the interval timer
mode, and select the operation enabled by the external event count input for the count
clock (TAA2CTL1.TAA2EEE bit = 1) (see 6.6.1 (3) Operation by external event count input

(TIA20)).

(a) Operation if TAA2CCRO register is set to 0000H
When the TAA2CCRO register is set to 0000H, the 16-bit counter is repeatedly cleared to 0000H and
generates the INTTA2CCO 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

TAA2CE bit

TAA2CCRO register

INTTA2CCO signal

0000H

The INTTA2CCO signal is generated each time the 16-bit
counter counts the valid edge of the external event count input.
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(b) Operation if TAA2CCRO register is set to FFFFH
If the TAA2CCRO 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 INTTA2CCO signal is generated. At this time, the
TAA20PTO.TAA2QVF bit is not set.

FFFFH

16-bit counter

0000H

TAA2CE bit

TAA2CCRO register

INTTA2CCO signal

FFFFH

|

External event
count: 10000H

External event

count: 10000H

External event

count: 10000H
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(c) Operation with TAA2CCRO register set to FFFFH and TAA2CCR1 register to 0000H
When the TAA2CCRO 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 INTTA2CCO signal is generated. At this time, the
TAA20PTO0.TAA20VF bit is not set.
If the TAA2CCR1 register is set to 0000H, the INTTA2CC1 signal is generated when the 16-bit counter is
cleared to 0000H.

FFFFH

16-bit counter

0000H

TAA2CE bit

TAA2CCRO register FFFFH

INTTA2CCO signal —| —| —|

TAA2CCR1 register 0000H

INTTA2CC1 signal H |_| |_| |_|
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(d) Notes on rewriting the TAA2CCRO register
If the value of the TAA2CCRO register is rewritten to a smaller value during counting, the 16-bit counter

may overflow. When the overflow may occur, stop counting once and then change the set value.

FFFFH

16-bit counter

0000H

TAA2CE bit

TAA2CCRO register

INTTA2CCO signal

D1 — D1—

D2

D2—,

Do

D1

D2

External event External event count (NG):

count (1): (10000H + D2 + 1)
(D1 +1)

External event

count (2):
(D2 + 1)

If the value of the TAA2CCRO 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 TAA2CCRO
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 INTTA2CCO

signal is generated.

Therefore, the INTTA2CCO 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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(e) Operation of TAA2CCR1 register

Figure 6-19. Configuration of TAA2CCR1 Register

TAA2CCR1 register

iy

CCR1 buffer register

TIA20 pin
(external event O—

count input)

Edge
detector

{} Match signal

Clear

)

16-bit counter

& Match signal

TAA2CE bit

CCRO buffer register

il

TAA2CCRO register

INTTA2CC1 signal

INTTA2CCO signal

If the set value of the TAA2CCR1 register is smaller than the set value of the TAA2CCRO register, the
INTTA2CC1 signal is generated once per cycle.

Figure 6-20. Timing Chart When Do1 > D11

FFFFH

16-bit counter

0000H

TAA2CE bit

TAA2CCRO register

INTTA2CCO signal

TAA2CCR1 register

INTTA2CC1 signal

Dot

Z D

Dot

3
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If the set value of the TAA2CCR1 register is greater than the set value of the TAA2CCRO register, the
INTTA2CC1 signal is not generated because the count value of the 16-bit counter and the value of the
TAA2CCR1 register do not match.

When the TAA2CCR1 register is not used, it is recommended to set its value to FFFFH.

Figure 6-21. Timing Chart When Do1 < D11

FFFFH

16-bit counter

0000H

TAA2CE bit

TAA2CCRO register Dot

INTTA2CCO signal —| —| —| —|

TAA2CCRI register D

INTTA2CC1 signal L

RO1UHO306EJ0300 Rev.3.00 "2
Sep 30, 2011 u EN ESAS

Page 247 of 1434



V850E/IG4-H, V850E/IH4-H CHAPTER 6 16-BIT TIMER/EVENT COUNTER AA (TAA)

6.6.3 External trigger pulse output mode (TAAnMD2 to TAANMDO 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.

For TAAO and TAAT1, the counter starts incrementing when a software trigger is detected and a PWM waveform is
output from the TOAK1 pin. A PWM waveform with 50% duty and that has the value of the TAAKCCRO register + 1
as half its cycle can also be output from the TOAkO pin.

For TAA2, the counter starts incrementing when the valid edge of the external trigger input (TIA20) is detected
and a PWM waveform is output from the TOA21 pin. Pulses can also be output by generating a software trigger
instead of using the external trigger input. When using a software trigger, a PWM waveform with 50% duty and that
has the value of the TAA2CCRO register + 1 as half its cycle can also be output from the TOA20 pin.

Figure 6-22. TAAO and TAA1 Configuration in External Trigger Pulse Output Mode

TAAKCCR1 register

{}<— Transfer

| .| Output
Software trigger CCR1 buffer register F{controller —© TOAK1 pin
generation (RS-FF)
L aton signa ‘ INTTAKGCH signal
Count ‘ ‘ Clear |

clock
selection 1 Count Output
start [ 16-bit counter ] OUBUL L@ TOAKO pin
controller

control

Match signal
{ % alch signa INTTAKCCO signal

TAAKCE bit CCRO buffer register

{} Transfer

TAAKCCRO register

Caution In the external trigger pulse output mode, select the internal clock as the count clock
(by clearing the TAAKCTL1.TAAKEEE bit to 0).

Remark k=0, 1
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Figure 6-23. Configuration of TAA2 in External Trigger Pulse Output Mode

TIA20 pinet®
(external trigger input)

Caution

Edge
detector

Software trigger
generation

Count

TAA2CCRH1 register

clock
selection 1}

—©) TOA21 pin

Count
start —

control

INTTA2CCH1 signal

{ }‘— Transfer

| .| Output
CCR1 buffer register controller
(RS-FF)

{} Match signal | |

‘ ‘ Clear |
16-bit counter | .| Output
controller

TAA2CE bit

—@©) TOA20 pin"°*®

{} Match signal
ﬁ

CCRO buffer register

T

TAA2CCRO register

Transfer

Note Because the external trigger input pin (TIA20) and timer output pin (TOA20) are the same pin,
the two functions cannot be used at the same time.

In the external trigger pulse output mode, select the internal clock as the count clock
(by clearing the TAA2CTL1.TAA2EEE bit to 0).

INTTA2CCO signal
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Figure 6-24. Basic Timing in External Trigger Pulse Output Mode

FFFFH
Do Do Do Do

16-bit counter D1 Zi D1 Zi D1 Zi D1 Zi

0000H

TAANCE bit

Triggerhete! —| —|

TAANCCRO register x Do

INTTANCCO signal —l —l —l —l

TOANOQ pin outputNote2

TAANCCRI1 register x D1

INTTANCC1 signal —| —| —| —|

TOAN1 pin output

Wait |Active level Active level Active level
for |width (D1) width (D+) width (D1)
trigger
Cycle (Do+ 1) ' Cycle (Do + 1) Cycle (Do + 1)

Notes 1. A software trigger for TAAO and TAA1 or an external trigger input (from the TIA20 pin) for
TAA2

2. For TAA2, this function can only be used by using a software trigger.
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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 TOAN1 pin. If the trigger is generated again while the counter is operating, the counter is cleared to 0000H
and restarted. (The output of the TOANO pin is inverted. The TOAN1 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 interrupt request signal INTTANCCO is generated when the 16-bit counter counts next time
after its count value matches the value of the CCRO buffer register, and the 16-bit counter is cleared to 0000H. The
compare match interrupt request signal INTTANCC1 is generated when the count value of the 16-bit counter
matches the value of the CCR1 buffer register.

The value set to the TAANCCRa register is transferred to the CCRa buffer register when the count value of the
16-bit counter matches the value of the CCRa buffer register and the 16-bit counter is cleared to 0000H.

The valid edge of an external trigger input (TIA20), or setting the software trigger (TAANCTL1.TAANEST bit) to 1
is used as the trigger.

Remark n=0to2
a=0,1
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Figure 6-25. Setting of Registers in External Trigger Pulse Output Mode (1/2)

(a) TAAn control register 0 (TAAnNCTLO)

TAANCE

TAANCKS2 TAAnCKS1 TAAnCKSO

TAAnCTLOl 0/1 \ 0 \ 0 \ 0 \

Select count clock

0: Stop counting

(b) TAAnN control register 1 (TAANCTL1)

TAAaSYE TAAnEST TAA2EEE

1: Enable counting

TAANMD2 TAANMD1 TAANMDO

TAANCTL1 | 0

‘ 0/1 ‘ 0 ‘ 0 ‘ 0

L o | v [ o |

0,1,0:
L External trigger pulse
output mode

0: Operate on count

clock selected by
TAA2CKSO to TAA2CKS2 bits

(c) TAAnN I/O control register 0 (TAANIOCO)

Generate software trigger
when 1 is written

TAANOL1 TAAnOE1 TAANOLO TAAnOEO

TAAnIOCOl 0 ‘ 0 ‘ 0 ‘ 0

\ o \ 0/1 \ o \ 0/{Note

0: Disable TOANO pin output
1: Enable TOANO pin output

Setting of TOANO pin output level
while waiting for external trigger

0: Low level

1: High level

0: Disable TOAN1 pin output
1: Enable TOAN1 pin output

Setting of TOAN1 pin output level
while waiting for external trigger

e When TAANOL1 bit=0

16-bit counter —I/I/I/I/

TOAn1 pinoutout _ 1L L I —

0: Low level
1: High level

e When TAANOLT1 bit =1

16-bit counter —I/I/I/I/

TOAn1 pinoutout —_ 11 I 1L

Note Clear this bit to 0 when the TOANO pin is not used in the external trigger pulse output mode.
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Figure 6-25. Setting of Registers in External Trigger Pulse Output Mode (2/2)

(d) TAA2 1/O control register 2 (TAA210C2)

TAAZEES! TAA2EESO TAAZETST TAA2ETSO
TAA2IOCZ|0‘0‘0‘0‘0‘0‘0/1‘0/1'

Select valid edge of

external trigger input (TIA20 pin)

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

(f) TAAn capture/compare registers 0 and 1 (TAANCCRO 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

Remarks 1. TAA2 I/O control register 1 (TAA2I0OC1) and TAAn option register 0 (TAANOPTO) are not
used in the external trigger pulse output mode.
2.n=0t02
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(1) Operation flow in external trigger pulse output mode

Figure 6-26. Software Processing Flow in External Trigger Pulse Output Mode (1/2)

FFFFH

16-bit counter Doo Doo D11 D11 Doo
D1o D1o D1o D1o

0000H

TAANCE bit

Triggerhete ! —|

TAANCCRO register X Doo Dot Doo

CCRO buffer register X Doo X Do1 X Doo

INTTANCGO signal —l —l —l —l —l

TOANO pin outputote2

—

TAANCCR1 register X D1o D1o D11 X D1o

CCR1 buffer register X D1o X D1o X D11 X Do

INTTANCC signal —l H —l —l —l —l
TOAn1 pin output J |_| J_ -

<1> <2> <3> <4> <5>

Notes 1. A software trigger for TAAO and TAA1 or an external trigger input (from the TIA20 pin) for
TAA2

2. ForTAA2, this function can only be used by using a software trigger.

Remark n=0to2
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Figure 6-26. Software Processing Flow in External Trigger Pulse Output Mode (2/2)

<1> Count operation start flow <3> TAANCCRO, TAANCCRHT register
setting change flow
Only writing of the TAANCCR1
START ‘ register must be performed when

only the set duty factor is changed.
When the counter is cleared after

Setting of TAANCCR1 register setting, the value of the
TAANCCRa register is transferred

Register initial setting Initial setting of these ‘ to the CCRa buffer register.
TAANCTLO register registers is performed |
(TAANCKSO to TAANCKS2 bits) | before setting the |
TAANCTLI1 register, TAANCE bit to 1.

TAANIOCO register,
TAA2I0C2 register,
TAANCCRO register,

TAAnCCR1 register <4> TAANCCRO, TAANCCR1 register

setting change flow

The TAANCKSO to |
TAANCKS2 bits can be !
set at the same time when ‘

TAANCE bit =1

counting is enabled When the counter is
(TAANCE bit = 1). Setting of TAANCCRO register cleared after setting,
Trigger wait status. the value of the TAAnNCCRa
register is transferred to
the CCRa buffer register.
Setting of TAANCCR1 register

<2> TAANCCRO and TAANCCRHT register

setting change flow <5> Count operation stop flow

1 Writing same value
‘ (same as preset value of
the TAANCCR1 register) it =

Setting of TAANCCRO register to the TAANCCR1 TAANCE bit = 0
register is necessary only
when the set cycle is changed.

When the counter is STOP
Setting of TAANCCR1 register cleared after setting‘

the value of the TAANCCRa
register is transferred to
the CCRa buffer register.

Counting is stopped.

Remark n=0t02
a=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 TAANCCRa register after writing the TAANCCR1 register after the INTTANCCO signal is
detected.

FFFFH

—  Dmn D11

16-bit counter Doo 4~ Doo 1~  Doo
D1o /] D1o /| Do /]

0000H

TAANCE bit

Triggerhete ! —|

TAANCCRO register x Doo X Dot

CCRO buffer register Doo Dot

INTTANCCO signal —| —| —| _| —|

TOANO pin outputNete2

TAANCCRI1 register x D1o X D11

CCR1 buffer register D1o D11

INTTANCC1 signal —| —| —| —| —|

TOAN1 pin output

Notes 1. A software trigger for TAAO and TAA1, and an external trigger input (from the TIA20 pin) for
TAA2
2. ForTAA2, this function can only be used by using a software trigger.

Remark n=0t02
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In order to transfer data from the TAANCCRa register to the CCRa 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 (same as preset value of the TAANCCR1 register) 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 TAANCCRa register is transferred
to the CCRa 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 INTTAnCCO signal is generated. Otherwise, the value of the CCRa buffer register may become
undefined because the timing of transferring data from the TAANCCRa register to the CCRa buffer
register conflicts with writing the TAAnCCRa register.

Remark n=0to2
a=0,1
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(b) 0%/100% output of PWM waveform
To output a 0% waveform, set the TAANCCR1 register to 0000H. The 16-bit counter is cleared to 0000H
and the INTTAnCCO and INTTANCC1 signals are generated at the next timing 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
TAANCE bit
Triggerhete!
TAANCCRO register
TAANCCR1 register
INTTANCCO signal
INTTANCC1 signal

TOAN1 pin output

L L LT L L

L

0000 X

OOOOX 0001 x ;:XDO_1X Do
)T

FFFF X 0000 x ;:XDO_1X Do
| ”

1

Do Do Do
{0 {0
! R
)7 )7
0000H 0000H 0000H
{0 {0
)T )T
Note 2 Note 2
{( I
)7 )7
Note 2 Note 2

Notes 1. A software trigger for TAAO and TAA1, and an external trigger input (from the TIA20 pin) for
TAA2
2. The timing is actually delayed by one operating clock (fxx).

Remark n=0t02

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

TAANCE bit

Triggerhete!

TAANCCRO register

TAANCCR1 register

INTTANCCO signal

INTTANCCH1 signal

TOAN1 pin output

L L LT L L

FFFF

1L

0000 x

OOOOX 0001 x ::XDO—1X Do

]

Do Do Do
e {(
It R
)T )T
Do + 1 Do + 1 Do + 1
e {(
)T )T
Note 2 Note 2

Notes 1. A software trigger for TAAO and TAA1, and an external trigger input (from the TIA20 pin) for
TAA2
2. The timing is actually delayed by one operating clock (fxx).

Remark n=0to2
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(c) Conflict between trigger detection and match with CCR1 buffer register
If the trigger is detected immediately after the INTTANCC1 signal is generated, the 16-bit counter is
immediately cleared to 0000H, the output signal of the TOAN1 pin is asserted, and the counter continues
counting. Consequently, the inactive period of the PWM waveform is shortened.

16-bit counter  FFFF .0000 xD1 -1 0000 x
— )

Triggerhcte

CCR1 buffer register D1

INTTAnCC1 signal —l

TOAN1 pin output

Shortened

Note A software trigger for TAAO and TAA1, and an external trigger input (from the TIA20 pin) for
TAA2

Remark n=0to2

If the trigger is detected immediately before the INTTANCC1 signal is generated, the INTTANCC1 signal
is not generated, and the 16-bit counter is cleared to 0000H and continues counting. The output signal
of the TOAN1 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

Triggerhete

CCRH1 buffer register D1

INTTANCC1 signal —l

TOAnN1 pin output

Extended

Note A software trigger for TAAO and TAA1, and an external trigger input (from the TIA20 pin) for
TAA2

Remark n=0to2
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(d) Conflict between trigger detection and match with CCRO buffer register
If the trigger is detected immediately after the INTTANCCO signal is generated, the 16-bit counter is
cleared to 0000H and continues counting up. Therefore, the active period of the TOAN1 pin is extended
by time from generation of the INTTANCCO signal to trigger detection.

16-bit counter FFFF .0000 x Do — 1 X Do 0000 0000 K
Triggerhete —l

(

(

CCRO buffer register B Do
)
INTTANCCO signal N —l
)
TOAN1 pin output
Extended

Note A software trigger for TAAO and TAA1, and an external trigger input (from the TIA20 pin) for
TAA2

Remark n=0to2

If the trigger is detected immediately before the INTTANCCO signal is generated, the INTTANCCO signal
is not generated. The 16-bit counter is cleared to 0000H, the TOANn1 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:
Triggerhete —l

CCRO buffer register Do

3

INTTANCCO signal N

)]

—

TOAN1 pin output
[—— —
Shortened

Note A software trigger for TAAO and TAA1, and an external trigger input (from the TIA20 pin) for
TAA2

Remark n=0to2
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(e) Generation timing of compare match interrupt request signal (INTTAnCC1)
The timing of generation of the INTTANCC1 signal in the external trigger pulse output mode differs from
the timing of INTTANCC1 signals in other mode; the INTTANCC1 signal is generated when the count
value of the 16-bit counter matches the value of the TAANCCRI register.

Count clock
16-bit counter Di-2 X Di-1 D X D1+ 1 X Di+2
TAANCCR1 register D1
. Note
TOAN1 pin output
Note
INTTANCC1 signal

Note The timing is actually delayed by one operating clock (fxx).

Remark n=0t02

Usually, the INTTANCC1 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 TOAn1 pin.
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6.6.4 One-shot pulse output mode (TAAnNMD2 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.

For TAAO and TAA1, the counter starts incrementing when a software trigger is detected and a one shot pulse is
output from the TOAk1 pin. When the software trigger is used, the TOAKO 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).

For TAA2, the counter starts incrementing when the valid edge of the external trigger input (TIA20) is detected
and a one shot pulse is output from the TOA21 pin. Pulses can also be output by generating a software trigger
instead of using the external trigger input. When the software trigger is used, the TOA20 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 6-27. Configuration of TAAO and TAA1 in One-Shot Pulse Output Mode

TAAKCCR1 register

{}<7 Transfer
| _|o Output
Software trigger CCR1 buffer register F‘controller O TOAK1 pin
generation (RS-FF)
{} Match signal .
. INTTAKCC1 signal
Count Clear |
clock
selection —L Count s Output
start —1 16-bit counter +—=1 ~controller —>© TOAKO pin
control R (Rs-FF)
Match signal
{} aich signa INTTAKCCO signal
TAAKCE bit CCRO buffer register
{ F Transfer |
TAAKCCRO register

Caution In the one-shot pulse output mode, select the internal clock as the count clock (by
clearing the TAAKCTL1.TAAKEEE bit to 0).

Remark k=0, 1
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Figure 6-28. Configuration of TAA2 in One-Shot Pulse Output Mode

TIA20 pin'°te Edge TAA2CCR1 register
(external trigger input) © detector °

{}<7 Transfer
| .|o Output
Software trigger CCR1 buffer register F‘controller —©) TOA21 pin
generation (RS-FF)
{} Match signal .
INTTA2CCH1 signal
Count Clear |
clock
selection —L Count s Output
start [ 16-bit counter +—= Scontroller [—-©) TOA20 pinN°te
control R (RS-FF)
Match signal
{} atch signa INTTA2CCO signal
TAA2CE bit CCRO buffer register
{ ? Transfer |
TAA2CCRO register

Note Because the external trigger input pin (TIA20) and timer output pin (TOA20) are the same pin,
the two functions cannot be used at the same time.

Caution In the one-shot pulse output mode, select the internal clock as the count clock (by
clearing the TAA2CTL1.TAA2EEE bit to 0).
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Figure 6-29. Basic Timing in One-Shot Pulse Output Mode

FFFFH
Do —— Do N Do A
16-bit counter D; Z D; Z D; Z
0000H
TAANCE bit
TriggerNole‘l —| | | | —| —|
TAANCCRO register x Do

INTTANCCO signal —| —| —|

TOANO pin outputhNete2

TAANCCR1 register x D1
INTTANCC1 signal —| —| —|

TOAN1 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)

Notes 1. A software trigger for TAAO and TAA1, and an external trigger input (from the TIA20 pin) for
TAA2
2. For TAA2, this function can only be used by using a software trigger.

When the TAANCE 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 TOANn1
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 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 (INTTAnCCO) 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
(INTTAnCC1) 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 (TIA20 pin) or setting the software trigger (TAANCTL1.TAAnEST bit) to
1 is used as the trigger.

Remark n=0to2
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Figure 6-30. Setting of Registers in One-Shot Pulse Output Mode (1/2)

(a) TAAn control register 0 (TAAnNCTLO)

TAANCE TAANCKS2 TAAnCKS1 TAAnCKSO
TAANnCTLO | (4 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 0/1 ‘ 0/1 |

Select count clock

0: Stop counting
1: Enable counting

(b) TAAnN control register 1 (TAAnNCTL1)

TAAaSYE TAANEST TAA2EEE TAAnNMD2 TAAnMD1 TAAnMDO
TAANCTLA1 | 0 ‘ 01 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 1 |

0,1,1:
One-shot pulse output mode

0: Operate on count clock
selected by TAA2CKSO to
TAA2CKS?2 bits

Generate software trigger
when 1 is written

(c) TAAn I/O control register 0 (TAAnIOCO)

TAANOLY TAAnOE1 TAANOLO TAAnOEO
TAAnIOCOl 0 \ 0 \ 0 \ 0 \ 0 \ 0 \ 0 \0/1“‘“e

0: Disable TOANO pin output
1: Enable TOANO pin output

Setting of TOANO pin output level
while waiting for external trigger

0: Low level

1: High level

0: Disable TOAN1 pin output
1: Enable TOAN1 pin output

Setting of TOAN1 pin output level
while waiting for external trigger

0: Low level
1: High level
e When TAANOL1 bit =0 e When TAANOL1 bit = 1
16-bit counter v | d | 16-bit counter v | v |
TOAN1 pin output 1 L TOAN1 pin output L1 |

Note Clear this bit to 0 when the TOANO pin is not used in the one-shot pulse output mode.

ROTUHO306EJ0300 Rev.3.00 Page 265 of 1434
Sep 30, 2011 RENESAS




V850E/IG4-H, V850E/IH4-H CHAPTER 6 16-BIT TIMER/EVENT COUNTER AA (TAA)

Figure 6-30. Setting of Registers in One-Shot Pulse Output Mode (2/2)

(d) TAA2 1/O control register 2 (TAA210C2)

TAAZEEST TAAEESO TAA2ETS1 TAA2ETSO
TAA2IOCZ|O‘O‘O‘0‘0‘0‘0/1‘0/1'

Select valid edge of
external trigger input (TIA20 pin)

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

(f) TAAn capture/compare registers 0 and 1 (TAANCCRO and TAANCCR1)
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 value
set in the TAANCCR1 register is greater than that set in the TAANCCRO register.

Remarks 1. TAA2 I/O control register 1 (TAA2I0C1) and TAAn option register 0 (TAANOPTO) are not
used in the one-shot pulse output mode.
2. n=0to2
a=0,1
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(1) Operation flow in one-shot pulse output mode

Figure 6-31. Software Processing Flow in One-Shot Pulse Output Mode (1/2)

FFFFH

D?_ Dot —
16-bit t
It counter Dio /

0000H

TAANCE bit

Triggerhete! —| | | | —|

TAANCCRO register x Doo Dot

INTTANCCO signal —| —|

TOANOQ pin outputNote2

TAANnCCR1 register x D1o Di1

INTTAnCC1 signal —| —|

TOANT1 pin output

<1> <2> <3>

Notes 1. A software trigger for TAAO and TAA1, and an external trigger input (from the TIA20 pin) for
TAA2
2. For TAA2, this function can only be used by using a software trigger.

Remark n=0to2
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Figure 6-31. Software Processing Flow in One-Shot Pulse Output Mode (2/2)

<1> Count operation start flow

C s )

Register initial setting
TAANCTLO register
(TAANCKSO to TAANCKS2 bits)
TAANCTLA1 register,
TAAnNIOCO register,
TAA2IOC2 register,
TAANCCRO register,
TAANCCR1 register

TAANCE bit = 1

Setting of TAANCCRO, TAANCCR1
registers

Remark n=0to2
a=0,1

<3> Count operation stop flow

TAANCE bit=0

Initial setting of these C
registers is performed

STOP

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).
Trigger wait status

<2> TAAnCCRO, TAANCCRI1 register setting change flow

As rewriting the
TAANnCCRa register
immediately forwards
to the CCRa bulffer
register, rewriting
immediately after

the generation of the
INTTANCCO signal

is recommended.

Count operation is stopped
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(2) Operation timing in one-shot pulse output mode

(a) Note on rewriting TAANCCRa register
If the value of the TAANCCRa 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
Doo —r— Doo —r— Doo

16-bit counter D1o / D1o Z D1o Z Dot ——
D11 Z
0000H /

TAANCE bit

Trigger\ete? —l —l —l —|_
TAANCCRO register x Doo X Do1
INTTANCCO signal —| —| —|

TOANO pin outputNote?

TAANCCR1 register x D1o X D11

INTTANCC1 signal —| —|

—

TOANT1 pin output

Delay Delay Delay

(D10) (D10) (10000H + D11) L
Active level width Active level width Active level width
(Doo — D10 + 1) (Doo — D10 + 1) (Dot — D11 + 1)

Notes 1. A software trigger for TAAO and TAA1, and an external trigger input (from the TIA20 pin) for
TAA2
2. For TAA2, this function can only be used by using a software trigger.

When the TAANCCRO register is rewritten from Doo to Dot and the TAANCCR1 register from D1o to D11
where Doo > Dot and D10 > 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 0000H. When the count value matches D11, the counter generates the INTTANCC1 signal
and asserts the TOAn1 pin output. When the count value matches Do1, the counter generates the
INTTANCCO signal, deasserts the TOANn1 pin output, 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 n=0to2
a=0,1
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(b) Generation timing of compare match interrupt request signal (INTTAnCC1)
The generation timing of the INTTAnCC1 signal in the one-shot pulse output mode is different from
INTTANCC1 signals; the INTTANCC1 signal is generated when the count value of the 16-bit counter
matches the value of the TAANCCR1 register.

Count clock
16-bit counter Di1-2 X Di-1 D1 X D1+ 1 X Di+2
TAANCCR1 register D1
. Note
TOAN1 pin output
Note
INTTANCC1 signal

Note The timing is actually delayed by one operating clock (fxx).

Remark n=0to2

Usually, the INTTAnCC1 signal is generated when the 16-bit counter counts up next time 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 TOAn1 pin.
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6.6.5 PWM output mode (TAAnMD2 to TAANMDO bits = 100)

In the PWM output mode, a PWM waveform is output from the TOAn1 pin when the TAANCTLO.TAANCE bit is set
to 1.

In addition, a PWM waveform with a duty factor of 50% with the set value of the TAANCCRO register + 1 as half
its cycle is output from the TOANO pin.

Figure 6-32. Configuration of TAAO and TAA1 in PWM Output Mode

TAAKCCRT register
{}‘ Transfer
S Output
CCR1 buffer register Rcontroller — O TOAK1 pin
( (RS-FF)
Match signal
{} g . INTTAKCCH signal
Count Clear |
clock
selection Outout
16-bit counter — conL:rZﬁer —O TOAKO pin

INTTAKCCO signal

{} Match signal
ﬁ

TAAKCE bit CCRO buffer register

{ } Transfer

TAAKCCRO register

Caution When TAAO and TAA1 are in the PWM output mode, specify the internal clock as the count
clock (by clearing the TAAKCTL1.TAAKEEE bit to 0).

Remark k=0, 1
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Figure 6-33. Configuration of TAA2 in PWM Output Mode

Internal count clock ——=1

TIA20 pinNote (O—
(external event
count input)

Edge
detector

.

Count

TAA2CCRT1 register

iy

@O TOA21 pin

clock
selection

-

INTTA2CC1 signal

—=© TOA20 pin™°te

TAA2CE bit

Transfer
| .| Output
CCR1 buffer register Rcontroller
(RS-FF)
{} Match signal
Clear |
. | .| Output
16-bit counter controller
{} Match signal
CCRO buffer register
{ } Transfer

TAA2CCRO register

INTTA2CCO signal

Note Because the external event count input pin (TIA20) and timer output pin (TOA20) are the same pin, the

two functions cannot be used at the same time.
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Figure 6-34. Basic Timing in PWM Output Mode

FFFFH
Dot —74— Dot ——
16-bit counter Doo Doo 4~ Doo r—  Di1 / D11 /
D1o /| D1o /| D1o /|
0000H
TAANCE bit

al

TAANCCRO register

Doo X Dot

CCRO buffer register Doo Dot

INTTANCCO signal —| —| —| —| —|

TOANO pin output

TAANCCR1 register x D1o X D11

CCR1 buffer register Do D11

INTTANCC1 signal _| —| —| —| —|

TOANT1 pin output

Active period Cycle Inactive period
(D10) (Doo + 1) (Doo - D10 + 1)

When the TAANCE bit is set to 1, the 16-bit counter is cleared from FFFFH to 0000H, starts counting, and outputs
a PWM waveform from the TOAN1 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 TAANCCRa 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 INTTANCCO is generated when the 16-bit counter counts next time
after its count value matches the value of the CCRO buffer register, and the 16-bit counter is cleared to 0000H. The
compare match interrupt request signal INTTANCC1 is generated when the count value of the 16-bit counter
matches the value of the CCR1 buffer register.

The value set to the TAANCCRa register is transferred to the CCRa buffer register when the count value of the
16-bit counter matches the value of the CCRa buffer register and the 16-bit counter is cleared to 0000H.

Remark n=0to2
a=0,1
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Figure 6-35. Setting of Registers in PWM Output Mode (1/2)

(a) TAAn control register 0 (TAANCTLO)

TAANCE TAANCKS2 TAAnCKS1 TAANCKSO

TAAnCTLOl o ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ o ‘ 0/1|

Select count clockNe*®

0: Stop counting
1: Enable counting

Note The setting is invalid when the TAANCTL1.TAA2EEE bit = 1.

(b) TAAnN control register 1 (TAAnNCTL1)

TAAaSYE TAANEST TAA2EEE TAANMD2 TAANMD1 TAANMDO
TAAnCTL1|O‘0‘O/1‘O‘O‘1‘0‘0'

1,0,0:
PWM output mode

0: Operate on count clock
selected by TAA2CKSO to
TAA2CKS2 bits

1: Count with external event
count input signal

(c) TAAnN I/O control register 0 (TAANIOCO)

TAANOL1 TAANOE1 TAANOLO TAAnOEO
TAAnIOCOl 0 \ 0 \ 0 \ 0 \ 0/ \ 0/ \ 0/ \0/1'“’te

0: Disable TOANO pin output
1: Enable TOANO pin output

Setting of TOANO pin output
level before count operation
0: Low level
1: High level

0: Disable TOAN1 pin output
1: Enable TOAN1 pin output

Setting of TOAN1 pin output
level before count operation

0: Low level
1: High level
e When TAANnOL1 bit =0 e When TAANOL1 bit =1
16-bit counter —I/I/I/I/ 16-bit counter —I/I/I/I/
TOAn1 pinoutput _ [ | [ L I L [ TOAn1 pinoutput —1 ™ LI L I L

Note Clear this bit to 0 when the TOANO pin is not used in the PWM output mode.
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Figure 6-35. Register Setting in PWM Output Mode (2/2)

(d) TAA2 1/O control register 2 (TAA210C2)

TAAEEST TAA2EESO TAA2ETST TAA2ETSO
TAA2IOCZ|O‘0‘0‘0‘0/1‘0/1‘0‘O|

Select valid edge
of external event
count input (TIA20 pin).

(e) TAAnN 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 (TAAnNCCRO0 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

Remarks 1. TAA2 I/O control register 1 (TAA2I0OC1) and TAAn option register 0 (TAANOPTO) are not
used in the PWM output mode.
2. n=0to2
a=0,1
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(1) Operation flow in PWM output mode

Figure 6-36. Software Processing Flow in PWM Output Mode (1/2)

FFFFH

16-bit counter Doo Doo D11 D11 Doo
D1o D1o Do Do

0000H

TAANCE bit

O
8
O
2

TAANCCRO register Doo

CCRO buffer register X Doo X Dot X Doo

INTTANCCO signal _| —| —| _| —|

TOANO pin output

—

TAANCCR1 register ] D1o D1o D11 D1o

CCR1 buffer register X D1o X D1o X D11 X D1o

INTTANCCH1 signal

TOANT1 pin output J |

<1> <2> <3> <4> <5>

—1
—1
—1
—1
—1
—1

Remark n=0to2
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Figure 6-36. Software Processing Flow in PWM Output Mode (2/2)

<1> Count operation start flow <3> TAANCCRO, TAANCCR1 register
setting change flow (duty only)
Only writing of the TAANCCR1
START ! register must be performed
‘ when only the set duty factor is

changed. When the counter is

Setting of TAANCCRH1 register cleared after setting, the
value of compare register a

Register initial setting Initial setting of these ‘ is transferred to the CCRa

TAANCTLO register registers is performed ‘ buffer register.
(TAANCKSO to TAANCKS2 bits) | before setting the |

TAANCTL1 register, TAANCE bit to 1.

TAANIOCO register,
TAA2I0C2 register,
TAANCCRO register,

TAANCCR1 register <4> TAANCCRO, TAANCCR1 register

setting change flow (cycle and duty)

The TAANCKSO to |

TAANCKS?2 bits can be !

. set at the same time when ‘

TAANCE bit =1 counting is enabled When the counter is
(TAANCE bit = 1). Setting of TAANCCRO register cleared after setting,

the value of compare
register a is transferred

to the CCRa buffer register.

Setting of TAANCCR1 register

<2> TAAnCCRO, TAANCCRT1 register

setting change flow (cycle only) <5> Count operation stop flow

| Writing same value

‘ (same as preset value of
the TAANCCRH1 register) TAANCE bit =
Setting of TAANCCRO register to the TAANCCR1 nCE bit =0
register is necessary when
only the set cycle is changed.

When the counter is STOP
Setting of TAANCCR1 register cleared after setting,

the value of the TAAnNCCRa
register is transferred to the
CCRa buffer register.

Counting is stopped.

Remark n=0t02
a=0,1
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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 TAANCCRa register after writing the TAANCCR1 register after the INTTANCCO signal is

detected.
FFFFH
Dot —74— Dot ——
16-bit counter Doo 1~ Doo -~ Doo 4~ Dt / D11 /
D1o /| D1o /| D1o /]
0000H
TAANCE bit

LJ |
g
>
o

TAANCCRO register

CCRO buffer register Doo Dot
TAANCCR1 register :X D1o X D11
CCR1 buffer register D1o D11

TOAN1 pin output

INTTANCCO signal —| —| —| —| —|

To transfer data from the TAANCCRa register to the CCRa 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 (same as preset value of the TAANCCR1 register) 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 TAANCCRa register is transferred
to the CCRa 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 INTTAnCCO signal is generated. Otherwise, the value of the CCRa buffer register may become
undefined because the timing of transferring data from the TAAnCCRa register to the CCRa buffer
register conflicts with writing the TAANCCRa register.

Remark n=0t02,a=0,1

ROTUHO306EJ0300 Rev.3.00 Page 278 of 1434
Sep 30, 2011 RENESAS



V850E/IG4-H, V850E/IH4-H

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. The 16-bit counter is cleared to 0000H
and the INTTAnCCO and INTTANCC1 signals are generated at the next timing 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
(
)

TAANCE bit

TAANCCRO register

TAANCCR1 register

INTTANCCO signal

INTTANCC1 signal

TOAN1 pin output

Note The timing is actually delayed by one operating clock (fxx).

UL L

L]

0000 X

0000 X 0001 x ::XDOO - 1X Doo

{
)
{
)
{
)
{
)

Doo Doo Doo
! 1!
) )T
0000H 0000H 0000H
(. [
1) )T
] Note ] Note
¥ 4
| Note ] Note

Remark n=0to2

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

TAANCE bit

TAANCCRO register

TAANCCR1 register

INTTANCCO signal

INTTAnCC1 signal

TOAN1 pin output

FFFF

UL UL

L

0000 x

0000 X0001 x JDOO - 1X Doo

Doo

Doo

Doo + 1

Doo + 1

'|Note

_|Note

Remark n=0to02

Note The timing is actually delayed by one operating clock (fxx).
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(c) Generation timing of compare match interrupt request signal (INTTAnCC1)
The timing of generation of the INTTANCC1 signal in the PWM output mode differs from the timing of
INTTANCC1 signals; the INTTANCC1 signal 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 D1 X D1+ 1 X Di+2
TAANCCR1 register D1
. Note
TOAN1 pin output
Note
INTTANCC1 signal

Note The timing is actually delayed by one operating clock (fxx).

Remark n=0to2

Usually, the INTTANCC1 signal is generated in synchronization with the next counting 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 TOAn1 pin.
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6.6.6 Free-running timer mode (TAAnMD2 to TAANMDO bits = 101)

The compare function is valid for all of TAAO to TAA2. The capture function is valid only for TAA2.

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 TAA2CCRO and TAA2CCR1 registers can be used as compare registers or capture
registers, depending on the setting of the TAA20OPT0.TAA2CCSO0 and TAA20PT0.TAA2CCS1 bits.

Figure 6-37. Configuration of TAAO and TAA1 in Free-Running Timer Mode

i Output )
TAAKCCR1 register L~ O TOAK pin
(compare) controller
% .| Output | )
- controller © TOAKO pin
TAAKCCRO register

(compare)

10

Count ﬁ
clock 1= 16-bit counter INTTAKOV signal
selection (

INTTAKCCA1 signal
INTTAKCCO signal

TAAKCE bit

Remark k=0, 1
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Figure 6-38. Configuration of TAA2 in Free-Running Timer Mode

TIA20 pinNetet
(external event
count input/
capture
trigger input)

(capture
trigger input)

Notes 1.

TIA21 pinNete2 ©—

(compare)

TAA2CCRT1 register

Qutput
controller

(O TOA21 pintete2

TAA2CCRO register
(compare)

Ly

1]

Qutput
controller

—= (O TOA20 pinNote !

ﬁ

TAA2CCS0, TAA2CCS1 bits
(capture/compare selection)

o

Because the external event count input pin (TIA20), capture trigger input pin (TIA20), and timer
output pin (TOA20) are the same pin, the two or more functions cannot be used at the same time.
Because the capture trigger input pin (TIA21) and timer output pin (TOA21) are the same pin, the

Internal count clock —| Count
- CIOC!( [ ] 16-bit counter
Edge selection (
detector
TAA2CE bit
Edge
detector
TAA2CCRO register

(capture)

Edge

detector
TAA2CCRT1 register

(capture)

two functions cannot be used at the same time.

INTTA20V signal

— INTTA2CC1 signal

INTTA2CCO signal
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e Compare operation

When the TAANCE bit is set to 1, 16-bit timer/event counter AA starts counting, and the output signal of the
TOAnNa pin is inverted. When the count value of the 16-bit counter later matches the set value of the
TAANCCRa register, a compare match interrupt request signal (INTTAnCCa) is generated, and the output

signal of the TOAnNa 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 (INTTAnOV) 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. Confirm that the
overflow flag is set to 1 and then clear it to 0 by executing the CLR instruction via software.

The TAANCCRa 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 6-39. Basic Timing in Free-Running Timer Mode (Compare Function)

FFFFH

16-bit counter

0000H

TAANCE bit

TAANCCRO register

INTTANCCO signal

TOANO pin output

TAANCCR1 register

INTTANCCH1 signal

TOAN1 pin output

INTTANOV signal

TAANOVF bit

Remark n=0to2
a=0,1

Doo
D1o /

D11/

D11/

ol

al

| L

i

Clearedto O by Clearedto0by Clearedto0by Cleared to 0 by

CLR instruction

CLR instruction

CLR instruction CLR instruction
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¢ Capture operation

When the TAA2CE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TIA2a pin
is detected, the count value of the 16-bit counter is stored in the TAA2CCRa register, and a capture interrupt
request signal (INTTA2CCa) 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 (INTTA20V) at the next clock, is cleared to 0000H, and
continues counting. At this time, the overflow flag (TAA20PT0.TAA20OVF 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 6-40. Basic Timing in Free-Running Timer Mode (Capture Function)

FFFFH
D1o
Doo / D11Z D12 D1s /
16-bit counter Do+ Z /
Doz
Dos

0000H

TAA2CE bit

TIA20 pin input

TAA2CCRO register Doo Dot Do2 Dos
INTTA2CCO signal | | i |
TIA21 pin input —l —l —l —|_
TAA2CCRI register D1o D11 D12 D13

INTTA2CC1 signal —| —| —| —|
INTTA20V signal —| —| —|

TAA20VF bit

ClearedtoOby Clearedto0by Cleared to 0 by
CLR instruction CLR instruction CLR instruction

Remark a=0,1
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Figure 6-41. Register Setting in Free-Running Timer Mode (1/2)

(a) TAAn control register 0 (TAAnNCTLO)

TAANnCE TAANCKS2 TAAnCKS1 TAAnCKSO

TAAnCTLOl 01 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 01 ‘ 0/1 |

Select count clockN°te

0: Stop counting
1: Enable counting

Note The setting is invalid when the TAA2CTL1.TAA2EEE bit = 1

(b) TAAnN control register 1 (TAAnNCTL1)

TAAaSYE TAAnEST TAA2EEE TAAnMD2 TAAnMD1 TAANMDO

TAANCTLA | 0 ‘ 0 ‘ 01 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 1 |

1,0, 1:
Free-running timer mode

0: Operate with count
clock selected by
TAA2CKSO to TAA2CKS?2 bits

1: Count on external
event count input signal

(c) TAAnN I/O control register 0 (TAAnIOCO)

TAAnOL1 TAAnOE1 TAAnOLO TAAnOEO

TAAnIOCOl 0 \ 0 \ 0 \ 0 \ 0/ \ 0/ \ 0/ \ 0/1|

0: Disable TOANO pin output
1: Enable TOANO pin output

Setting of TOANO pin output
level before count operation
0: Low level
1: High level

0: Disable TOAN1 pin output
1: Enable TOAN1 pin output

Setting of TOAN1 pin output
level before count operation
0: Low level
1: High level

(d) TAA21/O control register 1 (TAA2I0C1)

TAA2IS3 TAA2IS2 TAA2IS1 TAA2ISO

TAA2IOC1| 0 \ 0 \ 0 \ 0\0/1\0/1\0/1\0/1|

]

Select valid edge
of TIA20 pin inputN°t®

Select valid edge
of TIA21 pin inputN°t®

Note Set the valid edge selection of the unused alternate external input signals to “No edge
detection”.
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Figure 6-41. Register Setting in Free-Running Timer Mode (2/2)

(e) TAA21/O control register 2 (TAA210C2)

TAA2EES1 TAA2EESO TAA2ETS1 TAA2ETSO
TAA2I0C2 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 01 ‘ 0 ‘ 0 |

Select valid edge of
external event count
input (TIA20 pin)Nete

Note Set the valid edge selection of the unused alternate external input signals to “No edge
detection”.

(f) TAAnN option register 0 (TAANOPTO0)

TAA2CCS1 TAA2CCSO TAAnOVF
TAANOPTO | 0 ‘ 0 ‘ 01 ‘ on ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 |

L Overflow flag

Specifies if TAA2CCRO
register functions as
capture or compare register
0: Compare register

1: Capture register

Specifies if TAA2CCR1
register functions as
capture or compare register
0: Compare register

1: Capture register

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

(h) TAAn capture/compare registers 0 and 1 (TAAnNCCRO and TAANCCR1)
These registers function as capture registers or compare registers depending on the setting of the
TAA20PTO0.TAA2CCSa 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 TIA2a pin is detected.
When the registers function as compare registers and when Da is set to the TAANCCRa register, the
INTTANCCa signal is generated when the counter reaches (Da + 1), and the output signals of the
TOANO and TOAN1 pins are inverted.

Remark n=0to2
a=0,1
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(1) Operation flow in free-running timer mode
(a) When using capture/compare register as compare register

Figure 6-42. Software Processing Flow in Free-Running Timer Mode (Compare Function) (1/2)

FFFFH
Doo Doo

. Dot Dot

16-bit counter
Dro Dro D11 D11 D11Z

0000H
TAANCE bit

TAANCCRO register x Doo Dot

INTTAnCCO signal —| —| —| —|

TOANO pin output

TAANCCR1 register X Dio X D
INTTAnCC1 signal —| —| —| —| _|

TOAN1 pin output

INTTANQV signal —| _| —| —|

TAANOVF bit

<1> Clearedto O by Clearedto O by Cleared to 0 by <3>
CLR instruction CLR instruction CLR instruction

! ! f

<2> <2> <2>

Remark n=0to02

ROTUHO306EJ0300 Rev.3.00 Page 287 of 1434
Sep 30, 2011 RENESAS



V850E/IG4-H, V850E/IH4-H

CHAPTER 6 16-BIT TIMER/EVENT COUNTER AA (TAA)

Figure 6-42. Software Processing Flow in Free-Running Timer Mode (Compare Function) (2/2)

<1> Count operation start flow

Co D

Register initial setting

(TAANCKSO to TAANCKS?2 bits) TAANCE bit to 1.
TAANCTL1 register,
TAANIOCO register,
TAA2IOC2 register,
TAANnOPTO register,
TAANnCCRO register,
TAANCCRT1 register

€ Initial setting of these registers
TAANCTLO register is performed before setting the

The TAANCKSO0 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.
( STOP )

Remark n=0to2

RO1UHO306EJ0300 Rev.3.00
Sep 30, 2011

RENESAS

Page 288 of 1434



V850E/IG4-H, V850E/IH4-H CHAPTER 6 16-BIT TIMER/EVENT COUNTER AA (TAA)

(b) When using capture/compare register as capture register

Figure 6-43. Software Processing Flow in Free-Running Timer Mode (Capture Function) (1/2)

FFFFH
D1o
Doo /. D”Z D12
16-bit counter Dot Z
Doz

0000H

Dos /

TAA2CE bit

TIA20 pin input

TAA2CCRO register 0000 Doo Dot Doz DoaX 0000

INTTA2CCO signal

TIA21 pin input —l —l —l

TAA2CCR1 register 0000 D1o D11 D12 0000

INTTA2CC1 signal —| —| —|
INTTA20V signal —| —| —|

TAA20VF bit

Clearedto 0 by Cleared to 0 by
CLR instruction CLR instruction

f f

<2> <2>

<1> <3>
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Figure 6-43. Software Processing Flow in Free-Running Timer Mode (Capture Function) (2/2)

<1> Count operation start flow

Cor

Register initial setting Initial setting of these registers
TAA2CTLO register is performed before setting the
(TAA2CKSO0 to TAA2CKS2 bits) TAA2CE bit to 1.

TAA2CTLA1 register,
TAA2IOC1 register,
TAA20PTO register

The TAA2CKSO to TAA2CKS2 bits can
TAA2CE bit = 1 be set at the same time when counting
has been started (TAA2CE bit = 1).

<2> Overflow flag clear flow

Read TAA20PTO register
(check overflow flag).

TAA20VF bit = 1

Execute instruction to clear
TAA20VF bit (CLR TAA20VF).

<3> Count operation stop flow

Counter is initialized and
TAA2CE bit=0 counting is stopped by

clearing TAA2CE 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 AA is used as an interval timer with the TAANCCRa 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 INTTAnCCa signal has been detected.

FFFFH
D Doz
Doo10 7 /
16-bit counter D11 DOSZ
Do D12
D Dos
0000H !
TAANCE bit
TAANCCRO register Doo Dot X Doz X Dos X Do X Dos
INTTANCCO signal —| —| —| —| —|
TOANO pin output
Interval period Interval period Interval period Interval period Interval period
(Dw+1)  (10000H+  (De-De)  (10000H+  (10000H +
Dot — Do) Dos — Do2) Dos — Dos)
TAANCCR1 register D1o X D11 X D12 X Dis X D14
INTTANCCAH signal —l —l —l —l
TOAN1 pin output

Interval period ' Interval period Interval period Interval period
(D1o+ 1) (10000H + (10000H + (10000H +
D11-Dio) D12-D11) Dis-D12)

When performing an interval operation in the free-running timer mode, two intervals can be set with one
channel.

To perform the interval operation, the value of the corresponding TAANCCRa register must be re-set in
the interrupt servicing that is executed when the INTTANCCa signal is detected.

The set value for re-setting the TAANCCRa 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.)

Remark n=0to02
a=0,1
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(b) Pulse width measurement with capture register
When pulse width measurement is performed with the TAA2CCRa register used as a capture register,
software processing is necessary for reading the capture register each time the INTTA2CCa signal has
been detected and for calculating an interval.

FFFFH

D Doz
Doo10 /| /

16-bit counter D D°3z‘
Dot D12
D Do4
0000H N
TAA2CE bit
TIA20 pin input —| —| —| —|
TAA2CCRO register 0000H Doo Do+ Doz Dos Dos4
INTTA2CCO signal —| —| —| —|

Pulse interval Pulse interval Pulse interval Pulse interval Pulse interval

(D) (10000H+  (De—Do)  (10000H+  (10000H +
Dot - Doo) Dos — De2) Dos — Dos)
TIA21 pin input
TAA2CCRT register 0000H D1o D11 D12 D13

INTTA2CC1 signal

Pulse interval Pulse interval Pulse interval Pulse interval

(Do) (10000H + (10000H + (10000H +
D11 — Do) D12 — D11) D13z — D12)
INTTA20V signal 1 1 1

TAA20VF 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 TAA2CCRa
register in synchronization with the INTTA2CCa signal, and calculating the difference between the read
value and the previously read value.

Remark a=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 /
Doo Dot

0000H

TAA2CE bit |

TIA20 pin input -| -|

TAA2CCRO register Doo Dot

TIA21 pin input _| _|

TAA2CCR1 register D1o X D11

INTTA20V signal -| -|

TAA20VF 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 TAA2CCRO register (setting of the default value of the TIA20 pin input).
<2> Read the TAA2CCR1 register (setting of the default value of the TIA21 pin input).
<3> Read the TAA2CCRO 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 TAA2CCR1 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 Do1

0000H

TAA2CE bit |

INTTA20V signal

TAA20VF bit —| —|

TAA20VFO flagh®®®

—
—

TIA20 pin input

TAA2CCRO register Doo Dot

TAA20VF1 flagh®®

TIA21 pin input

TAA2CCR1 register D1o X D1

<1> <2> <3> <4> <5> <6>

Note The TAA20VFO and TAA20VF1 flags are set on the internal RAM by software.

<1> Read the TAA2CCRO register (setting of the default value of the TIA20 pin input).
<2> Read the TAA2CCR1 register (setting of the default value of the TIA21 pin input).
<3> An overflow occurs. Set the TAA20VF0 and TAA20VF1 flags to 1 in the overflow interrupt
servicing, and clear the overflow flag to 0.
<4> Read the TAA2CCRO register.
Read the TAA20OVFO flag. If the TAA20OVFO flag is 1, clear it to 0.
Because the TAA20VFO flag is 1, the pulse width can be calculated by (10000H + Do1 — Doo).
<5> Read the TAA2CCR1 register.
Read the TAA20OVF1 flag. If the TAA2OVF1 flag is 1, clear it to O (the TAA20OVFO flag is cleared
in <4>, and the TAA20VF1 flag remains 1).
Because the TAA20VF1 flag is 1, the pulse width can be calculated by (10000H + D11 — D1o0)
(correct).
<6> Same as <3>
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Example when two capture registers are used (without using overflow interrupt)

FFFFH

D11
16-bit counter Df /
Doo Do1

0000H

TAA2CE bit |

INTTA20V signal -| -|

TAA20VF bit

TAA20VFO flagh®*® |

TIA20 pin input

TAA2CCRO register Doo Dot

TAA20VF1 flagh®®

TIA21 pin input

TAA2CCR1 register D1o X D1

<1> <2> <3> <4> <5> <6>

Note The TAA20VFO and TAA20VF1 flags are set on the internal RAM by software.

<1> Read the TAA2CCRO register (setting of the default value of the TIA20 pin input).
<2> Read the TAA2CCR1 register (setting of the default value of the TIA21 pin input).
<3> An overflow occurs. Nothing is done by software.

<4> Read the TAA2CCRO register.

overflow flag to 0.
<5> Read the TAA2CCR1 register.
Read the overflow flag. Because the overflow flag is cleared in <4>, 0 is read.

Read the TAA20OVF1 flag. If the TAA2OVF1 flag is 1, clear it to 0.

(correct).
<6> Same as <3>

Read the overflow flag. If the overflow flag is 1, set only the TAA2OVF1 flag to 1, and clear the

Because the overflow flag is 1, the pulse width can be calculated by (10000H + Dot — Doo).

Because the TAA20VF1 flag is 1, the pulse width can be calculated by (10000H + D11 — D10)
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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

Da/

0000H

TAA2CE bit |
TIA2a pin input |
D

TAA2CCRa register Dao

al

INTTA20V signal

TAA20VF bit

1 cycle of 16-bit counter

Pulse width

<1> <2> <3> <4>

The following problem may occur when long pulse width is measured in the free-running timer mode.

<1> Read the TAA2CCRa register (setting of the default value of the TIA2a 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 TAA2CCRa 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 + Da1 — Dao) because an overflow occurs twice.

Remark a=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

Da/
0000H

TAA2CE bit |
TIA2a pin input |
D

TAA2CCRa register Dao at
INTTA20V signal -| -|
TAA20VF bit —l —l
Overflow OH X 1H XZH X oH
counter'°*®

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 TAA2CCRa register (setting of the default value of the TIA2a 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 TAA2CCRa 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 + Dat — Dao) because an overflow occurs twice.
Clear the overflow counter (OH).

Remark a=0,1

(e) Clearing overflow flag
The overflow flag can be cleared to 0 by clearing the TAA20OVF bit to 0 with the CLR instruction after
reading the TAA20OVF bit when it is 1 and by writing 8-bit data (bit O is 0) to the TAA20PTO register after
reading the TAA20OVF bit when it is 1.

ROTUHO306EJ0300 Rev.3.00 Page 297 of 1434
Sep 30, 2011 RENESAS



V850E/IG4-H, V850E/IH4-H CHAPTER 6 16-BIT TIMER/EVENT COUNTER AA (TAA)

6.6.7 Pulse width measurement mode (TAA2MD2 to TAA2MDO bits = 110)

This mode is valid only in TAA2.

In the pulse width measurement mode, 16-bit timer/event counter AA starts counting when the
TAA2CTLO.TAA2CE bit is set to 1. Each time the valid edge input to the TIA2a pin has been detected, the count
value of the 16-bit counter is stored in the TAA2CCRa register, and the 16-bit counter is cleared to 0000H.

The interval of the valid edge can be measured by reading the TAA2CCRa register after a capture interrupt
request signal (INTTA2CCa) occurs.

As shown in Figure 6-45, select either the TIA20 or TIA21 pin as the capture trigger input pin and set the unused
pins to “No edge detection” by using the TAA2IOC1 register.

Figure 6-44. Configuration in Pulse Width Measurement Mode

Clear
Count ]
clock 16-bit counter INTTA20V signal
selection (
INTTA2CCO signal
TAA2CE bit
TIA20 pin ©—~| Edge +— INTTA2CC1 signal
(capture detector
trigger input) TAA2CCRO register
(capture)
TIA21 pin ©—{ Edge
(capture detector
trigger input) TAA2CCR1 register
(capture)

Caution In the pulse width measurement mode, select the internal clock as the count clock
(by clearing the TAA2CTL1.TAA2EEE bit to 0).

Remark a=0, 1
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Figure 6-45. Basic Timing in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TAA2CE bit

TIA2a pin input k K

TAA2CCRa register 0000H Do D1 D2 Ds

INTTA2CCa signal —| —| —|

INTTA20V signal

Cleared to 0 by
TAA20VF bit CLR instruction

Remark a=0,1

When the TAA2CE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TIA2a pin is
later detected, the count value of the 16-bit counter is stored in the TAA2CCRa register, the 16-bit counter is cleared
to 0000H, and a capture interrupt request signal (INTTA2CCa) 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 TIA2a pin even when the 16-bit counter counted up to FFFFH, an overflow
interrupt request signal (INTTA20QV) is generated at the next count clock, and the counter is cleared to 0000H and
continues counting. At this time, the overflow flag (TAA20PT0.TAA20VF 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 TAA20VF bit set (1) count + Captured value) x Count clock cycle

Remark a=0,1
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Figure 6-46. Register Setting in Pulse Width Measurement Mode (1/2)

(a) TAA2 control register 0 (TAA2CTLO)

TAA2CE

TAA2CKS2 TAA2CKS1 TAA2CKSO

TAAZCTLO| o ‘ 0

Select count clock

0: Stop counting

(b) TAA2 control register 1 (TAA2CTL1)

TAAaSYE TAA2EST TAA2EEE

1: Enable counting

TAA2MD2 TAA2MD1 TAA2MDO

0 0

TAA2CTL1 | 0

IR

1,1,0:
Pulse width measurement mode

0: Operate with count
clock selected by

(c) TAA21/O control register 1 (TAA2I0C1)

TAA2CKSO0 to TAA2CKS?2 bits

TAA2IS3 TAA2IS2 TAA2IS1 TAA2ISO
TAA2I0C1 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 01 ‘ on |
Select valid edge
of TIA20 pin input
Select valid edge
of TIA21 pin input
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Figure 6-46. Register Setting in Pulse Width Measurement Mode (2/2)

(d) TAA2 option register 0 (TAA20PTO0)

TAA2CCS1 TAA2CCSO TAA20VF
TAA20PTO|0‘O‘O‘0‘0‘0‘0‘0/1'

L Overflow flag

(e) TAA2 counter read buffer register (TAA2CNT)
The value of the 16-bit counter can be read by reading the TAA2CNT register.

(f) TAA2 capture/compare registers 0 and 1 (TAA2CCRO0 and TAA2CCR1)
These registers store the count value of the 16-bit counter when the valid edge input to the TIA20
and TIA21 pins is detected.

Remark TAA2 1/O control register 0 (TAA2I0CO0) and TAA2 1/O control register 2 (TAA2I0C2) are
not used in the pulse width measurement mode.
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(1) Operation flow in pulse width measurement mode

Figure 6-47. Software Processing Flow in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TAA2CE bit

TIA20 pin input

TAA2CCRO register 0000H Do D1 DaX 0000H

INTTA2CCO signal —| —| —|

<1> <2>

<1> Count operation start flow

(o )

Register initial setting Initial setting of these registers
TAA2CTLO register is performed before setting the
(TAA2CKSO to TAA2CKS?2 bits), TAA2CE bit to 1.

TAA2CTLA1 register,
TAA2IOC1 register,
TAA20PTO register

TAA2CE bit = 1 The TAA2CKSO0 to TAA2CKS?2 bits can
be set at the same time when counting
has been started (TAA2CE bit = 1).

<2> Count operation stop flow

The counter is initialized and counting
TAA2CE bit=0 is stopped by clearing the TAA2CE bit to 0.

C=
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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 TAA20VF bit to 0 with the CLR instruction after

reading the TAA20OVF bit when it is 1 and by writing 8-bit data (bit 0 is 0) to the TAA20PTO register after
reading the TAA20OVF bit when it is 1.
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER AB (TAB)

Timer AB (TAB) is a 16-bit timer/event counter.
The V850E/IG4-H and V850E/IH4-H incorporate TABO and TAB1.

7.1 Overview

7.1.1 TABO of V850E/IG4-H, and TABO and TAB1 of V850E/IH4-H
An outline of TABO of the V850E/IG4-H, and TABO and TAB1 of the V850E/IH4-H is shown below.

e Clock selection: 8 ways

o Capture/trigger input pins: 4

o External event count input pins: 1

o External trigger input pins: 1

e Timer/counters: 1

e Capture/compare registers: 4

e Capture/compare match interrupt request signals: 4
¢ Overflow interrupt request signal: 1

e Timer output pins"™: 4

Note This is the number of output pins of TABn; it does not include the output pins of TMQOPN. For details of
the output pins of TMQOPN, see CHAPTER 10 MOTOR CONTROL FUNCTION.

7.1.2 TAB1 of V850E/IG4-H
An outline of TAB1 of the V850E/IG4-H is shown below.

e Clock selection: 8 ways

o Capture/trigger input pins: None

e External event count input pins: 1

o External trigger input pins: 1

e Timer/counters: 1

e Capture/compare registers: 4

o Capture/compare match interrupt request signals: 4
¢ Overflow interrupt request signal: 1

o Timer output pins

Note: .1

Note This is the number of output pins of TAB1.
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7.2 Functions

7.2.1 TABO of V850E/IG4-H, and TABO and TAB1 of V850E/IH4-H
TABO of the V850E/IG4-H, and TABO and TAB1 of the V850E/IH4-H have the following functions.

e 6-phase PWM output™*

e Interval timer

o External event counter

o External trigger pulse output
¢ One-shot pulse output

o PWM output

e Free-running timer

e Pulse width measurement

Note This is connected to TMQOPN. For details, see CHAPTER 10 MOTOR CONTROL FUNCTION.

7.2.2 TAB1 of V850E/IG4-H
TAB1 of the VB850E/IG4-H has the following functions.

Interval timer

External event counter

External trigger pulse output

One-shot pulse output
PWM output
Free-running timer (compare function only)
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7.3 Configuration

7.3.1 TABO of V850E/IG4-H, and TABO and TAB1 of V850E/IH4-H
TABO of the V850E/IG4-H, and TABO and TAB1 of the V850E/IH4-H include the following hardware.

Table 7-1. Configuration of TABO of V850E/IG4-H, and TABO and TAB1 of V850E/IH4-H

ltem Configuration
Timer register 16-bit counter x 1
Registers TABnN counter read buffer register (TABNCNT)

TABnN capture/compare registers 0 to 3 (TABnCCRO to TABnCCRS3)
CCRO to CCR3 buffer registers

Timer input 12 in total (TIBOO to TIBO3, TIB10 to TIB13, EVTBO, EVTB1, TRGBO, TRGB1 pins)"*™*
Timer output 8 in total (TOBOO to TOB03, TOB10 to TOB13 pins)"™*
Control registers TABnN control registers 0, 1 (TABnCTLO, TABnCTL1)

TABN I/O control registers 0 to 2 (TABnIOCO to TABnIOC2)
TABnN option register 0 (TABNOPTO0)

Note The TIBn1 to TIBn3 pins function alternately as timer output pins (TOBn1 to TOBn3).

Remark n=0,1
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Figure 7-1. Block Diagram of TABO of V850E/IG4-H, and TABO and TAB1 of V850E/IH4-H

8 Internal bus )
fxx/2 —
fodd e '
oo
x — B TABNCNT
b2 1 8 |-
fx§//1024—> 3
fxx/2048 —»]
fxx/4096 —»| :g _’l 16-bit counter INTTBnOV
5 2 @ Clear
EVIBnO—~ 8 |~ @ %"—©TOBnO
° ﬁ £-1-OT0Bn1
TRGBn O~ & | CCRO 8 {-OToBn2
w buffer 2 O TOBN3
register CCR1 3
buffer
t register ECﬁR2 —=——= INTTBNnCCO
- uffer —— INTTBNnCC1
TIBn0 © = TABNCCRO register CCR3 ~
= ot | || |5 - e
" . 4>’—> n
TIBn1 @-|§gg§gﬁ‘;fggg’r} TABNCCR1 register
A4
Edge detection/|
TIBn2 @-—@ TABNCCR2
| AN
C Edge detection/! [
TiBn3 Noiiz eﬁ;;?lgr TABnCCR3
bo8 Sampling clock
2 Internal bus ?
Remarks 1. fxx: Peripheral clock
2. For the noise eliminator, see 4.6 Noise Eliminator.
3. n=0,1
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(1) 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 TABnCNT register.
When the TABnCTLO.TABNCE bit = 0, the value of the 16-bit counter is FFFFH. If the TABnCNT register is
read at this time, 0000H is read.
Reset sets the TABnCE bit to 0.

(2) CCRO buffer register
This is a 16-bit compare register that compares the count value of the 16-bit counter.
When the TABnCCRO register is used as a compare register, the value written to the TABnCCRO register is
transferred to the CCRO buffer register. When the count value of the 16-bit counter matches the value of the
CCRQO buffer register, a compare match interrupt request signal (INTTBnCCO) is generated.
The CCRO buffer register cannot be read or written directly.
The CCRO buffer register is cleared to 0000H after reset, and the TABNnCCRO register is cleared to 0000H.

(3) CCR1 buffer register
This is a 16-bit compare register that compares the count value of the 16-bit counter.
When the TABNnCCR1 register is used as a compare register, the value written to the TABNnCCR1 register is
transferred to the CCR1 buffer register. When the count value of the 16-bit counter matches the value of the
CCRH1 buffer register, a compare match interrupt request signal (INTTBnCC1) is generated.
The CCR1 buffer register cannot be read or written directly.
The CCR1 buffer register is cleared to 0000H after reset, and the TABnCCR1 register is cleared to 0000H.

(4) CCR2 buffer register
This is a 16-bit compare register that compares the count value of the 16-bit counter.
When the TABNnCCR2 register is used as a compare register, the value written to the TABnCCR2 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 (INTTBnCC2) is generated.
The CCR2 buffer register cannot be read or written directly.
The CCR2 buffer register is cleared to 0000H after reset, and the TABNnCCR2 register is cleared to 0000H.

(5) CCRS3 buffer register
This is a 16-bit compare register that compares the count value of the 16-bit counter.
When the TABNnCCRBS register is used as a compare register, the value written to the TABNnCCRS register is
transferred to the CCR3 buffer register. When the count value of the 16-bit counter matches the value of the
CCRS3 buffer register, a compare match interrupt request signal (INTTBnCC3) is generated.
The CCRS3 buffer register cannot be read or written directly.
The CCRS3 buffer register is cleared to 0000H after reset, and the TABNnCCRBS register is cleared to 0000H.

(6) Edge detector
This circuit detects the valid edges input to the TIBnO to TIBn3, EVTBn, and TRGBn pins. No edge, rising
edge, falling edge, or both the rising and falling edges can be selected as the valid edge by using the
TABNnIOC1 and TABnIOC2 registers.

(7) Output controller
This circuit controls the output of the TOBnO to TOBNn3 pins. The output controller is controlled by the
TABNIOCO 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.
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7.3.2 TAB1 of V850E/IG4-H
TAB1 of the V850E/IG4-H includes the following hardware.

Table 7-2. Configuration of TAB1 of V850E/IG4-H

ltem

Configuration

Timer register

16-bit counter x 1

Registers TAB1 counter read buffer register (TAB1CNT)
TAB1 capture/compare registers 0 to 3 (TAB1CCRO to TAB1CCR3)
CCRO to CCRS buffer registers

Timer input 4 in total (EVTBO, EVTB1, TRGBO, TRGB1 pins)

Timer output

1 in total (TOB10 pin)

Control registers

TAB1 control registers 0, 1 (TAB1CTLO, TAB1CTL1)
TAB1 1/O control registers 0 to 2 (TAB110CO to TAB110C2)
TAB1 option register 0 (TAB1OPTO)

Figure 7-2. Block Diagram of TAB1 of V850E/IG4-H

fxx/2
fxx/4
fxx/8
fxx/32

fxx/256 —=|
fxx/1024 —»{
fxx/2048 —=
fxx/4096 —»

EVTB1 ©O—
TRGB1 O+

Remark

—

—]

—]

—]

( Internal bus

l

Selector
'

Edge detector

Selector

TAB1CNT

a| 16-bit counter

L

Clear

Fe—L
Clear

fl

CCRO ‘ ‘
buffer %%
register CCR1
buffer
ﬁ register CCR2
buffer

Output controller

1 OTOB10

INTTB1CCO

| TAB1CCRO | register CCR3
buffer
TAB1CCR1 register

TAB1CCR2

TAB1CCR3

2 Internal bus

fxx: Peripheral clock

INTTB1CC1
INTTB1CC2
INTTB1CC3
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(1) 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.

(2) 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 (INTTB1CCO) is generated.
The CCRO buffer register cannot be read or written directly.
The CCRO buffer register is cleared to 0000H after reset, and the TAB1CCRO register is cleared to 0000H.

(3) 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 (INTTB1CC1) is generated.
The CCR1 buffer register cannot be read or written directly.
The CCR1 buffer register is cleared to 0000H after reset, and the TAB1CCR1 register is cleared to 0000H.

(4) 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 (INTTB1CC2) is generated.
The CCR2 buffer register cannot be read or written directly.
The CCR2 buffer register is cleared to 0000H after reset, and the TAB1CCR2 register is cleared to 0000H.

(5) CCRS buffer register
This is a 16-bit compare register that compares the count value of the 16-bit counter.
When the TAB1CCRBS register is used as a compare register, the value written to the TAB1CCRS register is
transferred to the CCR3 buffer register. When the count value of the 16-bit counter matches the value of the
CCRS3 buffer register, a compare match interrupt request signal (INTTB1CC3) is generated.
The CCRS3 buffer register cannot be read or written directly.
The CCRS3 buffer register is cleared to 0000H after reset, and the TAB1CCRS register is cleared to 0000H.

(6) Edge detector
This circuit detects the valid edges input to the EVTB1 and TRGB1 pins. No edge, rising edge, falling edge,
or both the rising and falling edges can be selected as the valid edge by using the TAB110C2 register.

(7) Output controller
This circuit controls the output of the TOB10 pin. The output controller is controlled by the TAB110CO 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.
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7.4 Registers

(1) TABn control register 0 (TABnCTLO)
The TABnCTLO register is an 8-bit register that controls the operation of TABn.
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 TABnCTLO register by software.

After reset: OOH R/W  Address: TABOCTLO FFFFF5EOH, TAB1CTLO FFFFF620H
<7> 6 5 4 3 2 1 0

TABnCTLO [ TABnCE| 0 0 0 0  [TABnCKS2[TABCKS1|TABNCKSO|
{/850E/IG4-HW
n=0,1 TABNnCE TABnN operation control
m=0 0 TABN operation disabled (TABnN reset asynchronouslyN°t)
V850E/IH4-H ;
{ n=0,1 1 TABN operation enabled.
m=0, 1
TABnCKS2 TABnCKS1|TABnCKSQ Internal count clock selection
0 0 0 fxx/2
0 0 1 fxx/4
0 1 0 xx/8
0 1 1 fxx/32
1 0 0 fxx/256
1 0 1 fxx/1024
1 1 0 fxx/2048
1 1 1 xx/4096

Note The TABnOPTO.TABnOVF bit and the 16-bit counter are reset simultaneously. Moreover, timer outputs
(TOBNO, TOBm1 to TOBm3 pins) are reset to the TABnlOCO register set status at the same time as the
16-bit counter is reset.

Cautions 1. Set the TABNCKS2 to TABNCKSO0 bits when the TABnCE bit = 0.
When the value of the TABNnCE bit is changed from 0 to 1, the TABNCKS2 to TABNnCKSO 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) TABn control register 1 (TABnCTL1)
The TABNnCTLA1 register is an 8-bit register that controls the operation of TABn.

This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

Cautions 1.

After reset: 00H R/W Address: TABOCTL1 FFFFF5E1H, TAB1CTL1 FFFFF621H

7 6 5 4 3 2 1 0
TABNCTL1 [ 0 |TABnEST|TABnEEE. 0 | 0 [TABnMD2TABNMD1TABNMDO|
(n=0,1)
TABNEST Software trigger control
(0] —
1 Generate a valid signal for external trigger input.

e In one-shot pulse output mode:

A one-shot pulse is output with writing 1 to the TABnEST bit as the trigger.
¢ In external trigger pulse output mode:

A PWM waveform is output with writing 1 to the TABnEST bit as the trigger.

Read value of the TABnEST bit is always 0.

TABNEEE Count clock selection

0 Disable operation with external event count input (EVTBn pin).
(Perform counting with the count clock selected by the
TABNnCTLO.TABNnCKSO to TABNnCKS2 bits.)

1 Enable operation with external event count input (EVTBn pin).
(Perform counting at the valid edge of the external event count input
signal (EVTBn pin).)

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

TABnMD2 TABnMD1| TABnMDO 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 6-phase PWM output modeNoes -2

Notes 1. For the V850E/IG4-H, only TABO can be set. Setting TAB1 is prohibited.
2. The 6-phase PWM output mode cannot be used when only TABn is used. For details, sce CHAPTER
10 MOTOR CONTROL FUNCTION.

The TABNEST 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.

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

Set the TABnEEE and TABnMD2 to TABnMDO bits when the TABnCTLO.TABNnCE bit = 0.
(The same value can be written when the TABNnCE bit = 1.) The operation is not guaranteed
when rewriting is performed with the TABnCE bit = 1. If rewriting was mistakenly
performed, clear the TABnCE bit to 0 and then set the bits again.

Be sure to set bits 3, 4, and 7 to “0”.
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(3) TABnN I/O control register 0 (TABnIOCO0)
The TABnIOCO register is an 8-bit register that controls the timer output (the TOBNnO to TOBn3, and TOBnT1
to TOBNT3 pins (the TOB11 to TOB13, and TOB1T1 and TOB1T2 pins are available only in the V850E/IH4-
H)).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to O0H.

(a) TABO of V850E/IG4-H, and TABO and TAB1 of V850E/IH4-H

After reset: OOH R/W  Address: TABOIOCO FFFFF5E2H, TAB110CO FFFFF622H

7 <6> 5 <4> 3 <2> 1 <0>
TABNIOCO  [TABNOL3| TABNOES| TABNOL2[TABnOE2| TABnOL 1TABNOE 1/ TABNOLO | TABNOED)

n=0,1
a=0to3

b=1t03

TABnOLa TOBna, TOBNTb pin output level setting°*®
0 TOBna and TOBNTb pins start output at high level.

1 TOBna and TOBNTb pins start output at low level.

TABNnOEa TOBna, TOBNTb pin output setting

0 Timer output disabled

o When TABnOLa bit = 0: Low level is output from the TOBna and TOBnTb
pins

o When TABNnOLa bit = 1: High level is output from the TOBna and TOBnTb
pins

1 Timer output enabled (A pulse is output from the TOBna and TOBnTb
pins).

Note The output level of the timer output pins (TOBna and TOBnTb) specified by the TABnOLa bit is shown

below.
e When TABnOLa bit =0 e When TABnOLa bit = 1
16-bit counter I ) 16-bit counter I J
TABNCE bit _ [T TABNCE bit __ [T
TOBna and TOBnTb __ [ TOBna and TOBnTb —_[—
output pins output pins

Cautions 1. If the setting of the TABnIOCO register is changed when TOBna and TOBnTb are set in the
output 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.

2. Rewrite the TABnOLa and TABnOEa bits when the TABnCTLO.TABNnCE bit = 0. (The same
value can be written when the TABNnCE bit = 1.) If rewriting was mistakenly performed,
clear (0) the TABNCE bit and then set the bits again.

3. If the TABnOLa bit is manipulated when the TABnCE and TABnOEa bits are 0, the output
level of the TOBna and TOBnTb pins changes.

4. To generate the TOBnTb pin output and the A/D conversion start trigger signal of A/D
converters 0 and 1 in the 6-phase PWM output mode, be sure to set the TOBnTb pin output
using the TABnIOCO register. At this time, be sure to clear the TABnOLO bit to 0 and set
the TABnOEO bit to 1.

ROTUHO306EJ0300 Rev.3.00 Page 313 of 1434
Sep 30, 2011 RENESAS



V850E/IG4-H, V850E/IH4-H CHAPTER 7 16-BIT TIMER/EVENT COUNTER AB (TAB)

(b) TAB1 of V850E/IG4-H

After reset: 00H R/W  Address: FFFFF622H

7 6 5 4 3 2 1 <0>
TaBtioco | o | o | o | o | o | o [rAB10OL0[TABIOE|
TAB10LO TOB10 pin output level settingN'
0 TOB10 pin starts output at high level.
1 TOB10 pin starts output at low level.
TAB10EO TOB10 pin output setting

0 Timer output disabled
¢ When TAB10LO bit = 0: Low level is output from the TOB10 pin
¢ When TAB10LO bit = 1: High level is output from the TOB10 pin

1 Timer output enabled (A pulse is output from the TOB10 pin).

Note The output level of the timer output pin (TOB10) specified by the TAB1OLO bit is shown below.

e When TAB10OLO bit=0 e When TAB10LO bit = 1
16-bit counter I ) 16-bit counter I /I
TAB1CE bit _ [T TAB1CE bit __ [T
TOB10 output pin |' ] TOB10 output pin '|' —

Cautions 1. If the setting of the TAB110CO register is changed when TOB10 is set in the output 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.

2. Rewrite the TAB10OLO0 and TAB10EO bits when the TAB1CTLO.TAB1CE bit = 0. (The same
value can be written when the TAB1CE bit = 1.) If rewriting was mistakenly performed,
clear (0) the TAB1CE bit and then set the bits again.

3. If the TAB10LO bit is manipulated when the TAB1CE and TAB10OEO bits are 0, the output
level of the TOB10 pin changes.
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(4) TABm I/O control register 1 (TABmIOC1)
The TABmIOCH1 register is an 8-bit register that controls the valid edge of the capture trigger input signals
(TIBmO to TIBm3 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/wW Address: TABOIOC1 FFFFF5E3H, TAB110C1 FFFFF623HNet

7 6 5 4 3 2 1 0
TABMIOCT | TABmIS7| TABmIS6| TABmISS| TABmIS4| TABmIS3| TABmIS2 | TABmIST | TABMISO|

{\/850E/IG4-I—?

m=0 TABmIS7| TABmIS6| Capture trigger input signal (TIBm3 pin) valid edge setting

{VSiOE/(I)I’-l;t-HJ 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

TABmIS5| TABmIS4| Capture trigger input signal (TIBm2 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

TABmMIS3| TABmIS2| Capture trigger input signal (TIBm1 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

TABmMIS1| TABmISO| Capture trigger input signal (TIBmO 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

Note VB850E/IH4-H only

Cautions 1. Rewrite the TABmIS7 to TABmISO bits when the TABmCTLO.TABmCE bit = 0. (The same
value can be written when the TABMCE bit = 1.) If rewriting was mistakenly performed,
clear the TABmCE bit to 0 and then set the bits again.

2. The TABmIS7 to TABmISO bits are valid only in the free-running timer mode (only when
the TABmOPT0.TABmCCSa bit = 1) and the pulse width measurement mode (a = 0 to 3).
In all other modes, a capture operation is not possible.
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(5) TABnN I/O control register 2 (TABnlIOC2)
The TABnIOC2 register is an 8-bit register that controls the valid edge of the external event count input signal
(EVTBnN pin) and external trigger input signal (TRGBn 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: TABOIOC2 FFFFF5E4H, TAB110C2 FFFFF624H

7 6 5 4 3 2 1 0
TABioc2 [ 0 | o | 0 | 0 |TABnEES1TABnEESO|TABNETS1|TABNETSO|

(n=0,1)

TABnEES1 TABnEESO[External event count input signal (EVTBn 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

TABnETS1|TABnETSO| External trigger input signal (TRGBn 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 TABnEES1, TABnEESO0, TABnETS1, and TABNnETSO bits when the
TABNnCTLO.TABNCE bit = 0. (The same value can be written when the TABnCE bit = 1.)
If rewriting was mistakenly performed, clear the TABnCE bit to 0 and then set the bits
again.

2. The TABnEES1 and TABnEESO bits are valid only when the TABNnCTL1.TABnEEE bit = 1
or when the external event count mode (TABnCTL1.TABnMD2 to TABnCTL1.TABnMDO
bits = 001) has been set.

3. The TABnETS1 and TABnETSO bits are valid only in the external trigger pulse output
mode or one-shot pulse output mode.
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(6) TABN option register 0 (TABnOPTO0)
The TABnOPTO 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: TABOOPTO FFFFF5E5H, TAB1OPTO FFFFF625H

<7> <6> <5> <4> 3 <2> <1> <0>
TABROPTO [TABNCCS**!| TABCCS2**| TABMCCS™ | TABNCCSI™! | 0 |TABAOMS'™®?| TABICUF***| TABOVF|
V850E/IG4-H
nr: 3’01 TABMCCSa™*! TABmMCCRa register capture/compare selection
L a=0to3 | 0 Compare register selected
[V850E/IH4-H| 1 Capture register selected (cleared by TABmCTLO.TABmCE bit = 0)
:;% 11 The TABmMCCSa bit setting is valid only in the free-running timer mode.
L a=0to3 |
TABnOVF TABnN overflow flag
Set (1) Overflow occurred
Reset (0) TABNOVF bit 0 written or TABNCTLO.TABNCE bit = 0

* The TABnOVF 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
modeNote 3.

* An overflow interrupt request signal (INTTBnOV) is generated at the same time
that the TABnOVF bit is setto 1. The INTTBnOV signal is not generated in modes
other than the free-running timer mode and the pulse width measurement modeN°¢3,

* The TABnOVF bit is not cleared to 0 even when the TABnOVF bit or the
TABNOPTO register are read when the TABnOVF bit = 1.

* Before clearing the TABnOVF bit to 0 after generation of the INTTBnOV signal, be
sure to confirm (by reading) that the TABnOVF bit is set to 1.

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

Notes 1. For the V850E/IG4-H, only TABO can be set. Be sure to set bits 4 to 7 of TAB1 to 0.
2. Be sure to set bits 1 and 2 of TAB1 to 0 for the V850E/IG4-H.
For details of the TABnhCMS and TABnCUF bits, see CHAPTER 10 MOTOR CONTROL
FUNCTION.
3. In the free-running mode or the pulse width measurement mode, both TABO and TAB1 can be
used in the V850E/IH4-H, but only TABO can be used in the V850E/IG4-H. .

Cautions 1. Rewrite the TABNnCCS3 to TABNnCCSO0 bits when the TABnCE bit = 0. (The same value
can be written when the TABNnCE bit = 1.) If rewriting was mistakenly performed, clear
the TABNCE bit to 0 and then set the bits again.

2. Be sure to set bit 3 to “0”.
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(7) TABn capture/compare register 0 (TABnCCRO)
The TABmCCRO register is a 16-bit register that can be used as a capture register or a compare register
depending on the mode. The TAB1CCRO register of the V850E/IG4-H is a 16-bit register that can only be
used as a compare register.
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 TABmMOPTO0.TABmCCSO0 bit. In the pulse width measurement mode, the
TABNnCCRO register can be used only as a capture register. In any other mode, this register can be used
only as a compare register.
The TABNnCCRO 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.

Remark V850E/IG4-H:n=0,1,m=0
V850E/IH4-H:n=0,1,m=0, 1

After reset: 0000H R/W  Address: TABOCCRO FFFFF5E6H, TAB1CCRO FFFFF626H
i5 14 183 12 11 10 9 8 7 6 5 4 3 2 1 0
mecoro | | | | | 0 [ 0 L ]
(n=0,1)
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(a) Function as compare register
The TABNnCCRO register can be rewritten even when the TABnCTLO.TABnCE bit = 1.
The set value of the TABnCCRO 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 (INTTBnCCO) is generated. If TOBNO pin output is enabled at this time, the output of the TOBnO
pin is inverted.
When the TABnCCRO 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.
The compare register is not cleared by setting the TABnCTLO.TABnCE bit to 0.

(b) Function as capture register
When the TABmCCRO 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 TABmCCRO register if the valid edge of the capture trigger
input pin (TIBmO pin) is detected. In the pulse-width measurement mode, the count value of the 16-bit
counter is stored in the TABmCCRO register and the 16-bit counter is cleared (0000H) if the valid edge of
the capture trigger input pin (TIBmO pin) is detected.
Even if the capture operation and reading the TABmCCRO register conflict, the correct value of the
TABmMCCRQO register can be read.
The capture register is cleared by setting the TABmCTL0.TABmMCE bit = 0.

Remark V850E/IG4-H:n=0,1,m=0
V850E/IH4-H:n=0,1,m=0, 1

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

Note 2

Batch write

One-shot pulse output

Compare register

Anytime write

PWM output

Compare register

Note 2

Batch write

Free-running timer

Capture"®"/compare register

Anytime write

Note 1

Pulse width measurement

Capture register

None

Notes 1. Both TABO and TAB1 can be used in the V850E/IH4-H, but only TABO can be used in the V850E/IG4-H.

2. Writing to the TABnCCR1 register is the trigger.

Remark For anytime write and batch write, see 7.6 (2) Anytime write and batch write.
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(8) TABN capture/compare register 1 (TABnCCR1)
The TABmCCRT1 register, which consists of 16 bits, can be used as a capture register or a compare register
depending on the mode. The TAB1CCR1 register of the V850E/IG4-H is a 16-bit register that can only be
used as a compare register.

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 TABmOPTO0.TABmCCS1 bit. In the pulse width measurement mode, the
TABmMCCRT1 register can be used only as a capture register. In any other mode, this register can be used

only as a compare register.
The TABNnCCRH1 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.

Remark V850E/IG4-H:n=0,1,m=0

V850E/IH4-H:n=0,1,m=0, 1

After reset: 0000H R/W Address: TABOCCR1 FFFFF5E8H, TAB1CCR1 FFFFF628H

i5 14 183 12 11 10 9 8 7 6 5 4 3 2 1 0
mecor | | | | 0 [ L L [ ]
(n=0,1)

(a)

(b)

Function as compare register

The TABnCCR1 register can be rewritten even when the TABnCTLO.TABNnCE bit = 1.

The set value of the TABNCCR1 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 (INTTBnCC1) is generated. If TOBm1 pin output is enabled at this time, the output of the TOBm1
pin is inverted.

The compare register is not cleared by setting the TABNnCTLO.TABnCE bit to 0.

Function as capture register

When the TABmCCR1 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 TABmCCR1 register if the valid edge of the capture trigger
input pin (TIBm1 pin) is detected. In the pulse-width measurement mode, the count value of the 16-bit
counter is stored in the TABmCCR1 register and the 16-bit counter is cleared (0000H) if the valid edge of
the capture trigger input pin (TIBm1 pin) is detected.

Even if the capture operation and reading the TABmCCR1 register conflict, the correct value of the
TABmMCCRT1 register can be read.

The capture register is cleared by setting the TABmCTLO0.TABmCE bit to 0.
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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 None

Notes 1. Both TABO and TAB1 can be used in the V850E/IH4-H, but only TABO can be used in the V850E/IG4-H.
2. Writing to the TABNCCR1 register is the trigger.

Remark For anytime write and batch write, see 7.6 (2) Anytime write and batch write.

(9) TABn capture/compare register 2 (TABnCCR2)
The TABmCCR2 register is a 16-bit register that can be used as a capture register or a compare register
depending on the mode. The TAB1CCR2 register of V850E/IG4-H is a 16-bit register that can be only used
as a compare register.
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 TABmMOPTO0.TABmCCS2 bit. In the pulse width measurement mode, the
TABmMCCR2 register can be used only as a capture register. In any other mode, this register can be used
only as a compare register.
The TABNnCCR2 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.

Remark V850E/IG4-H:n=0,1,m=0
V850E/IH4-H:n=0,1,m=0, 1

After reset: 0000H R/W Address: TABOCCR2 FFFFF5EAH, TAB1CCR2 FFFFF62AH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
menccre | | | | [ [ [ 1 [ [ [ [ |
(n=0,1)
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(a) Function as compare register
The TABNnCCR2 register can be rewritten even when the TABnCTLO.TABnCE bit = 1.
The set value of the TABnCCR2 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 (INTTBnCC2) is generated. If TOBm2 pin output is enabled at this time, the output of the TOBm2
pin is inverted.
The compare register is not cleared by setting the TABnCTLO.TABnCE bit to 0.

(b) Function as capture register
When the TABmCCR2 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 TABmCCR2 register if the valid edge of the capture trigger
input pin (TIBm2 pin) is detected. In the pulse-width measurement mode, the count value of the 16-bit
counter is stored in the TABmCCR2 register and the 16-bit counter is cleared (0000H) if the valid edge of
the capture trigger input pin (TIBm2 pin) is detected.
Even if the capture operation and reading the TABmCCR2 register conflict, the correct value of the
TABmMCCR2 register can be read.
The capture register is cleared by setting the TABmCTL0.TABmMCE bit to 0.

Remark V850E/IG4-H:n=0,1,m=0
V850E/IH4-H:n=0,1,m=0, 1

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 None

Notes 1. Both TABO and TAB1 can be used in the V850E/IH4-H, but only TABO can be used in the V850E/IG4-H.
2. Writing to the TABNCCR1 register is the trigger.

Remark For anytime write and batch write, see 7.6 (2) Anytime write and batch write.
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(10) TABn capture/compare register 3 (TABnCCR3)
The TABMCCRBS register, which consists of 16 bits, can be used as a capture register or a compare register
depending on the mode. The TAB1CCR3 register of the V850E/IG4-H is a 16-bit register that can only be
used as a compare register.
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 TABmOPTO0.TABmCCS3 bit. In the pulse width measurement mode, the
TABmMCCRBS register can be used only as a capture register. In any other mode, this register can be used
only as a compare register.
The TABNnCCRS 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.

Remark V850E/IG4-H:n=0,1,m=0

V850E/IH4-H:n=0,1,m=0, 1

After reset: 0000H R/W Address: TABOCCR3 FFFFF5ECH, TAB1CCR3 FFFFF62CH
i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mecoms | | | | [ [ [ [ [ L[ [ L[] ]
(n=0,1)

(a)

(b)

Function as compare register

The TABNnCCRS register can be rewritten even when the TABnCTLO.TABnCE bit = 1.

The set value of the TABNCCRS3 register is transferred to the CCR3 buffer register. When the value of
the 16-bit counter matches the value of the CCR3 buffer register, a compare match interrupt request
signal (INTTBnCC3) is generated. If TOBm3 pin output is enabled at this time, the output of the TOBm3
pin is inverted.

The compare register is not cleared by setting the TABNnCTLO.TABnCE bit to 0.

Function as capture register

When the TABmCCRS3 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 TABmCCRS register if the valid edge of the capture trigger
input pin (TIBm3 pin) is detected. In the pulse-width measurement mode, the count value of the 16-bit
counter is stored in the TABmCCRS3 register and the 16-bit counter is cleared (0000H) if the valid edge of
the capture trigger input pin (TIBm3 pin) is detected.

Even if the capture operation and reading the TABmCCRS3 register conflict, the correct value of the
TABmMCCRS register can be read.

The capture register is cleared by setting the TABmCTLO0.TABmCE bit to 0.
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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 None

Notes 1. Both TABO and TAB1 can be used in the V850E/IH4-H, but only TABO can be used in the V850E/IG4-H.
2. Writing to the TABNCCR1 register is the trigger.

Remark For anytime write and batch write, see 7.6 (2) Anytime write and batch write.

(11) TABn counter read buffer register (TABNnCNT)
The TABNCNT register is a read buffer register that can read the count value of the 16-bit counter.
If this register is read when the TABnCTLO.TABNnCE 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 TABNCNT register is set to 0000H when the TABnCE bit = 0. If the TABNnCNT 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 TABNnCNT register is set to 0000H after reset, and the TABnCE bit is cleared to 0.

After reset: 0000H R Address: TABOCNT FFFFF5EEH, TAB1CNT FFFFF62EH

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
menont | [ [ [ 0 0 L L [T

(n=0,1)
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7.5 Timer Output Operations

The following table shows the operations and output levels of the TOBnO and TOBm1 to TOBm3 pins.

Table 7-7. Timer Output Control in Each Mode
(a) TABO of V850E/IG4-H, TABO and TAB1 of V850E/IH4-H

mode

One-shot pulse output mode

PWM output mode

output

output

Operation Mode TOBNO Pin TOBnN1 Pin TOBN2 Pin TOBN3 Pin
Interval timer mode PWM output
External event count mode None
External trigger pulse output PWM output External trigger pulse | External trigger pulse | 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 PWM output (only when compare function is used)

Pulse width measurement mode | None
(b) TAB1 of V850E/IG4-H
Operation Mode TOB10 Pin
Interval timer mode PWM output
External event count mode None
External trigger pulse output PWM output

mode

One-shot pulse output mode

PWM output mode

Free-running timer mode PWM output (only when compare function is used)

Pulse width measurement mode | None

Remark n=0,1

Table 7-8. Truth Table of TOBna Pins Under Control of Timer Output Control Bits

TABnIOCO0.TABnOLa Bit | TABnIOC0.TABnOEa Bit | TABnCTLO.TABnCE bit Level of TOBna 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 V850E/IG4-H: a=0to3whenn=0
a=0whenn=1
V850E/IH4-H: n=0, 1
a=0to3
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7.6 Operation

TABnN can perform the following functions.

Table 7-9. TABn Specifications in Each Mode
(a) TABO of V850E/IG4-H, TABO and TAB1 of V850E/IH4-H

Operation

TABnCTL1.TABnEST Bit
(Software Trigger Bit)

TRGBnN 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

(b) TAB1 of V850E/IG4-H

Operation

TAB1CTL1.TAB1EST Bit
(Software Trigger Bit)

TRGB1 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 Compare only Anytime write
Pulse width measurement mode None

Remarks 1. TABn has a function to execute tuning with TAAn.

CONTROL FUNCTION.

2. n=0,1

For details, sce CHAPTER 10 MOTOR
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(1) Cou
This

nter basic operation
section explains the basic operation of the 16-bit counter. For details, refer to the description of the

operation in each mode.

Remark n=0,1

(a)

(b)

(c)

(d)

a=0to3

Counter start operation
¢ In external event count mode
When the TABNnCTLO.TABNCE bit is set from 0 to 1, the 16-bit counter is set to 0000H.
After that, it counts up to 0001H, 0002H, 0003H, ... each time the valid edge of external event count
input (EVTBN) is detected.
¢ In modes other than the above
Starts counting from the default value FFFFH in all modes.
It counts up from FFFFH to 0000H, 0001H, 0002H, 0003H, and so on.

Clear operation

The 16-bit counter is cleared to 0000H when its value matches the value of the compare register and
when its value is captured. 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 clearing operation.
Therefore, the INTTBnCCa interrupt signal is not generated.

Overflow operation

The 16-bit counter overflows when the counter counts up from FFFFH to 0000H in the free-running timer
mode or pulse width measurement mode (TABO and TAB1 (V850E/IH4-H) or TABO only (V850E/IG4-H)).
If the counter overflows, the TABnOPTO.TABnOVF bit is set to 1 and an interrupt request signal
(INTTBnQV) is generated. Note that the INTTBnOV 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 in the pulse width measurement mode and the counter counts up from
FFFFH to 0000H

Caution After the overflow interrupt request signal (INTTBnOV) has been generated, be sure
to check that the overflow flag (TABnOVF bit) is set to 1.

Counter read operation during count operation

The value of the 16-bit counter of TABn can be read by using the TABnCNT register during the count
operation.

When the TABnCTLO.TABnCE bit = 1, the value of the 16-bit counter can be read by reading the
TABNCNT register. When the TABnCE bit = 0, the 16-bit counter is FFFFH and the TABNCNT register is
0000H.
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(e) Interrupt operation

TABnN generates the following five interrupt request signals.

¢ INTTBNnCCO interrupt:

¢ INTTBNnCC1 interrupt:

¢ INTTBNnCC2 interrupt:

INTTBNnCCS3 interrupt:

INTTBnOV interrupt:

This signal functions as a match interrupt request signal of the CCRO buffer
register and as a capture interrupt request signal to the TABmCCRO register.
This signal functions as a match interrupt request signal of the CCR1 buffer
register and as a capture interrupt request signal to the TABmCCR1 register.
This signal functions as a match interrupt request signal of the CCR2 buffer
register and as a capture interrupt request signal to the TABmCCR2 register.
This signal functions as a match interrupt request signal of the CCR3 buffer
register and as a capture interrupt request signal to the TABmCCR3 register.
This signal functions as an overflow interrupt request signal.
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(2) Anytime write and batch write
The TABnCCRO to TABNnCCR3 registers can be rewritten in the TABn during timer operation

(TABnCTLO.TABNCE bit = 1), but the write method (anytime write, batch write) of the CCRO to CCR3 buffer
registers differs depending on the mode.

(a) Anytime write
In this mode, data is transferred at any time from the TABnCCRO to TABnCCRS registers to the CCRO to

CCRS3 buffer registers during the timer operation.

Figure 7-3. Flowchart of Basic Operation for Anytime Write

( START )

Initial settings

¢ Set values to TABnCCRa register
e Timer operation enable
(TABNCE bit = 1)
— Transfer values of TABnCCRa
register to CCRa buffer
register

TABNnCCRa register rewrite
— Transfer to CCRa buffer register

Timer operation
e Match between 16-bit counter — INTTBnCCb signal output
and CCRb buffer registerN°t
e Match between 16-bit counter
and CCRO buffer register
e 16-bit counter clear & start

i

Note The 16-bit counter is not cleared upon a match between the 16-bit counter value and the CCRb buffer

register value. It is cleared upon a match between the 16-bit counter value and the CCRO buffer register
value.

INTTBNnCCO signal output

Remarks 1. The above flowchart illustrates an example of the operation in the interval timer mode.

2. n=0,1
a=0to3
b=1t03
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Figure 7-4. Timing of Anytime Write

TABNCE bit = 1

FFFFH
Doz

D21 D21 D21
16-bit counter D”./ D1y D12/ D1z,

D31/ Dlg/ D31/ D31/

0000H & | IT7 r
TABNCCRO register Dot >f Doz
CCRO buffer register OOOOH‘ — ‘D‘m — - X — D‘oz‘ ‘
INTTBNnCCO signal
TABNCCRH register D1 X Dr2
CCRH1 buffer register OOOOH‘ — D‘n — X — D1z‘ ‘

INTTBnCC1 signal

TABNCCR2 register D21

CCR2 buffer register ~ 0000H D21

INTTBNnCC2 signal

TABNCCRS register Ds1

CCR3 buffer register ~ 0000H Da1

INTTBNnCC3 signal

Remarks 1. Do1, Do2: Set values of TABNCCRO register
D11, D12: Set values of TABNnCCR1 register
Do2i: Set value of TABNnCCR2 register
Dsi: Set value of TABNnCCRBS register
2. The above timing chart illustrates an example of the operation in the interval timer mode.
3. n=0,1
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(b) Batch write

In this mode, data is transferred all at once from the TABnCCRO to TABnCCRB3 registers to the CCRO to
CCR3 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
TABNnCCRH1 register.

Whether to enable or disable the next transfer timing is controlled by writing or not writing to the
TABnCCRH1 register.

In order for the set value when the TABNnCCRO to TABNCCRS 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 to CCR3
buffer registers), it is necessary to rewrite TABNCCRO and finally write to the TABNnCCR1 register before
the 16-bit counter value and the CCRO buffer register value match. The values of the TABnCCRO to
TABNCCRS registers are transferred to the CCRO to CCR3 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 TABhCCRO, TABnCCR2, or TABnCCR3 register, also write the same
value (same as preset value of the TABNnCCR1 register) to the TABnCCR1 register.
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Figure 7-5. Flowchart of Basic Operation for Batch Write

‘ START )

Initial settings

|
o Set values to TABnCCRa register
o Timer operation enable (TABnCE
bit = 1)
— Transfer of values of
TABNCCRa register to CCRa
buffer register

TABNCCRY register rewrite

TABNnCCR1 register rewrite — Batch write enable

Timer operation

e Match between 16-bit counter
and CCRb buffer registerete

e Match between 16-bit counter —— INTTBNCCO signal output
and CCRO buffer register

¢ 16-bit counter clear & start

o Transfer of values of TABnCCRa
register to CCRa buffer register

INTTBNnCCb signal output

Note The 16-bit counter is not cleared upon a match between the 16-bit counter value and the CCRb 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 TABnCCR1 register includes enabling of batch write. Thus, rewrite the
TABNnCCR1 register after rewriting the TABnCCR0, TABNCCR2, and TABNnCCR3 registers.

Remarks 1. The above flowchart illustrates an example of the operation in the PWM output mode.
2. a=0to3
b=1to3
y=0,2,3
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Figure 7-6. Timing of Batch Write

TABNCE bit = 1
FFFFH Do1
Dos
D11 Doz _ Doz /
) D12D}/ D12|?}/ DB:’; D12~
16-bit counter Day
D21/ D21 D21 Dot D21
0000H
TABnCCRO register Do X Doz Dos
\v\\ | \Vv [ 1] [ [ [ [ ] \\v\ |
CCRO buffer register 0000H X Dot X Note 1 Doz Note 1 X .Do3
| [ | | | [ T | | [ |y Samevalyewrite |
TABNnCCRH1 register D11 XNote 2 D12 XNote 3 D
. \\v\\ | \Vv [ [ ] [ [ [ [ ] \\\ |
S0 o . e R e
TABNCCR2 register D21
| \v\ | | P A A N I L]
CCR2 buffer register OOOOH‘X ‘ ‘ D21 ‘ ‘X ‘ ‘ "fote‘1 ‘ ‘ ‘Not‘e 1‘ ‘ ‘ ‘X ‘ D21 ‘
TABNCCRS register Das X Dz X Dsg
_ AL | WV L[ TP T[] \\V\ |
CCRBS buffer register 0000H Da1 Note 1 Da2 Note 1 Das
INTTBnCCO signal
INTTBnCCH1 signal I
INTTBnCC2 signal

INTTBnCCS signal

TOBNO pin output

TOBmM1 pin output

TOBmM2 pin output

TOBmMS3 pin output

Notes 1. Because the TABNnCCR1 register was not rewritten, Doz is not transferred.
2. Because TABnCCR1 register has been written (D12), data is transferred to the CCR1 buffer register
upon a match between the value of the 16-bit timer and the value of the TABnCCRO register (Do1).
3. Because TABnCCR1 register has been written (D12), data is transferred to the CCR1 buffer register
upon a match between the value of the 16-bit timer and the value of the TABNCCRO register (D12).
Remarks 1. Do1, Doz, Dos: Set values of TABNCCRO register
D11, D12: Set values of TABNCCR1 register
D21: Set value of TABNCCR2 register
D31, D32, Ds3: Set values of TABNnCCRS register
2. The above timing chart illustrates the operation in the PWM output mode as an example.
3. V850E/IG4-H:n=0,1,m=0
V850E/IH4-H:n=0,1,m=0, 1
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7.6.1 Interval timer mode (TABnMD2 to TABnMDO bits = 000)

In the interval timer mode, an interrupt request signal (INTTBnCCO) is generated at the interval set by the
TABNCCRO register if the TABnCTLO.TABnCE bit is set to 1. A PWM waveform with a duty factor of 50% whose half
cycle is equal to the interval can be output from the TOBNO pin.

The TABnCCR1 to TABNnCCRS3 registers are not used in the interval timer mode. However, the set value of the
TABnCCR1 to TABnCCRB3 registers is transferred to the CCR1 to CCRS3 buffer registers and, when the count value
of the 16-bit counter matches the value of the CCR1 to CCR3 buffer registers, compare match interrupt request
signals (INTTBnCC1 to INTTBnCC3) are generated. In addition, a PWM waveform with a duty factor of 50%, which
is inverted when the INTTBmCC1 to INTTBmCCS signals are generated, can be output from the TOBm1 to TOBm3
pins.

The value of the TABnCCR1 to TABNnCCRS3 registers can be rewritten even while the timer is operating.

Remark V850E/IG4-H:n=0,1,m=0
V850E/IH4-H:n=0,1,m=0, 1

Figure 7-7. Interval Timer Configuration

Clear
Count clock . Output .
selection J— 16-bit counter controller © TOBNO pin
Match signal
{} atch signa INTTBNnCCO signal
TABNCE bit CCRO buffer register
TABNnCCRO register

Remark n=0,1

ROTUHO306EJ0300 Rev.3.00 Page 334 of 1434
Sep 30, 2011 RENESAS



V850E/IG4-H, V850E/IH4-H

CHAPTER 7 16-BIT TIMER/EVENT COUNTER AB (TAB)

Figure 7-8. Basic Timing of Operation in Interval Timer Mode

FFFFH

16-bit counter

0000H

TABNCE bit

TABNnCCRO register

TOBNO pin output

INTTBNnCCO signal

Remark n=0,1

Do

Do

Do

Do

X

Do

|

|

|

Interval (Do + 1)

Interval (Do + 1)

Interval (Do + 1)

Interval (Do + 1)
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When the TABNnCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to O00OH in
synchronization with the count clock, and the counter starts counting. At this time, the output of the TOBNO pin is
inverted. Additionally, the set value of the TABnCCRO 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 TOBNnO pin is inverted, and a compare match interrupt request signal
(INTTBNnCCO) is generated.

The interval can be calculated by the following expression.

Interval = (Set value of TABNCCRO register + 1) x Count clock cycle
Remark n=0, 1

Figure 7-9. Register Setting for Interval Timer Mode Operation (1/3)

(a) TABn control register 0 (TABnCTLO)

TABNCE TABnCKS2 TABnCKS1 TABnCKS0
TABnCTLOl o \ 0 \ 0 \ 0 \ 0 \ 0/1 \ 0/1 \ 0/1|

——  Select count clock

0: Stop counting
1: Enable counting

(b) TABN control register 1 (TABnCTL1)

TABNESTTABnEEE TABNMD2TABnMD1 TABNMDO
TABnCTL1|0 ‘ 0‘0/1"'“e o‘ o‘ o‘ o‘ o|

0,0,0:
Interval timer mode

0: Operate on count

clock selected by

TABNCKSO0 to TABNCKS?2 bits
1: Count with external

event count input signal

Note The TABNnEEE bit can be set to 1 only when timer output (TOBnO andTOBmb) is used.
However, set the TABNnCCRO to TABnCCRBS registers to the same value.
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Figure 7-9. Register Setting for Interval Timer Mode Operation (2/3)

(c) TABn /O control register 0 (TABnIOCO0)

TABmMOL3 TABmOE3 TABmOL2 TABmOE2 TABmOL1 TABmOE1 TABmOLO TABmOEO

TABnIOCOl 0/1 \ 0/ \ 0/1 \ 0 \ 0 \ 0/1 \ 0/1 \ 0/1 |

0: Disable TOBNO pin output
1: Enable TOBNO pin output

Setting of TOBNO pin output
level before count operation
0: Low level
1: High level

0: Disable TOBm1 pin output
1: Enable TOBm1 pin output

Setting of TOBm1 pin output
level before count operation
0: Low level
1: High level

0: Disable TOBm2 pin output
1: Enable TOBm2 pin output

Setting of TOBmM2 pin output
level before count operation
0: Low level
1: High level

0: Disable TOBm3 pin output
1: Enable TOBmS3 pin output

Setting of TOBmS3 pin output
level before count operation
0: Low level
1: High level

(d) TABn I/O control register 2 (TABnIOC2)

TABnEES1 TABnEESO TABnETS1 TABnETSO

o/1 Note

TABNnIOC2 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/qNete 0 ‘ 0 |

Select valid edge of external
event count input (EVTBn pin).

Note The TABnEES1 and TABnEESO bits can be set only when timer output (TOBnO, TOBm1 to
TOBmMQ) is used. However, set the TABnCCRO to TABNnCCRBS registers to the same value.

(e) TABn counter read buffer register (TABNnCNT)
By reading the TABNCNT register, the count value of the 16-bit counter can be read.

(f) TABn capture/compare register 0 (TABnCCRO)
If the TABNCCRO register is set to Do, the interval is as follows.

Interval = (Do + 1) x Count clock cycle
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Figure 7-9. Register Setting for Interval Timer Mode Operation (3/3)

(g) TABn capture/compare registers 1 to 3 (TABnCCR1 to TABnCCR3)

The TABNnCCR1 to TABNnCCRS registers are not used in the interval timer mode. However, the set
values of the TABnCCR1 to TABnCCR3 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, the TOBm1 to TOBmS3 pin outputs are inverted and a compare match interrupt request signal
(INTTBmCC1 to INTTBmCCS3) is generated.

When the TABNnCCR1 to TABnCCR3 registers are not used, it is recommended to set their values to
FFFFH. Also mask the registers by the interrupt mask flags (TABnCCIC1.TABnCCMK1 to
TABnCCIC3.TABnCCMK3).

Remarks 1. TABm I/O control register 1 (TABmIOC1) and TABn option register 0 (TABnOPTO) are
not used in the interval timer mode.
2. V850E/IG4-H:n=0,1,m=0
V850E/IH4-H:n=0,1,m=0, 1
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(1) Interval timer mode operation flow

Figure 7-10. Software Processing Flow in Interval Timer Mode (1/2)

FFFFH

16-bit counter

0000H

TABNCE bit

TABNCCRO register X Do

TOBNO pin output

INTTBNnCCO signal —l —l —l

<1> <2>

<1> Count operation start flow

o

Register initial setting Initial setting of these registers is performed

TABNCTLO register before setting the TABnCE bit to 1.
(TABNnCKSO to TABNCKS2 bits)

TABNCTLA1 register,
TABNIOCO register,
TABNIOC2 registeriote,
TABNCCRO register

The TABnCKSO0 to TABnCKS2 bits can be
set at the same time as when counting starts
(TABNCE bit = 1).

TABNCE bit = 1

Note The TABnEES1 and TABnEESO bits can be set only when timer output (TOBnO, TOBm1 to
TOBmMQ3) is used. However, set the TABNnCCRO to TABNCCRS registers to the same value.

Remark V850E/IG4-H:n=0,1,m=0
V850E/IH4-H:n=0,1,m=0, 1
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Figure 7-10. Software Processing Flow in Interval Timer Mode (2/2)

<2> Count operation stop flow

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

The output level of the TOBNO pin is as
specified by the TABnlOCO register.
C s )
Remark n=0,1

RO1UHO306EJ0300 Rev.3.00 "2
Sep 30, 2011 u EN ESAS

Page 340 of 1434




V850E/IG4-H, V850E/IH4-H CHAPTER 7 16-BIT TIMER/EVENT COUNTER AB (TAB)

(2) Interval timer mode operation timing

(a) Operation if TABNnCCRO register is set to 0000H
If the TABnCCRO register is set to 0000H, the INTTBnCCO signal is generated at each count clock, and
the output of the TOBNO pin is inverted.
The value of the 16-bit counter is always 0000H.

Count clock
16-bit counter FFFFH 0000H 0000H 0000H 0000H
TABNCE bit
TABNCCRO register 0000H

TOBNO pin output

INTTBNnCCO signal

Interval time Interval time Interval time
Count clock cycle | Count clock cycle | Count clock cycle

Remark n=0,1

(b) Operation if TABNnCCRO register is set to FFFFH
If the TABnCCRO 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 INTTBnCCO signal is generated
and the output of the TOBnO pin is inverted. At this time, an overflow interrupt request signal
(INTTBnQV) is not generated, nor is the overflow flag (TABnOPTO.TABnOVF bit) set to 1.

FFFFH
16-bit counter

0000H

TABNCE bit |

TABnCCRO register FFFFH

TOBNO pin output

INTTBNnCCO signal _| —l —l

Interval time Interval time Interval time
10000H x 10000H x 10000H x
count clock cycle | count clock cycle | count clock cycle

Remark n=0, 1
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(c) Notes on rewriting TABNnCCRO register
If the value of the TABNCCRO register is rewritten to a smaller value during counting, the 16-bit counter
may overflow. When the overflow may occur, stop counting once and then change the set value.

FFFFH
D1 —— D1

16-bit counter
D2 D2—— D2——

0000H

TABNCE bit J

TABNCCRO register D1 D2

TABnOLO bit L

TOBNO pin output

‘

INTTBNnCCO signal _| _|

Interval time (1) Interval time (NG) Interval
time (2)

Remarks 1. 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
2. n=0,1

If the value of the TABNCCRO 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 TABnCCRO
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 D2, the INTTBnCCO
signal is generated and the output of the TOBNO pin is inverted.

Therefore, the INTTBnCCO 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 TABNCCR1 to TABNnCCR3 registers

Figure 7-11. Configuration of TABnCCR1 to TABNCCR3 Registers

TABNnCCR1
register

iy

CCR1 buffer Output ;
. — O TOBm1
register ( controller ©TOBM1 pin

& Match signal
PN

INTTBnCC1 signal

TABnCCR2
register

1§l

CCR2 buffer Output | ,
register ( controller @ TOBm2 pin

& Match signal

TABnCCR3
register

U

CCRS8 buffer Output | _ .
register ( controller ©T0BmM3 pin

{} Match signal

INTTBNnCC2 signal

INTTBnCCS3 signal

Clear

Count o
clock 16-bit counter > utout L _ & ToBnO pin
selection controller

Match signal
& afch signa INTTBNCCO signal

ﬁ

TABNCE bit CCRO buffer register

il

TABNCCRO register

Remark V850E/IG4-H:n=0,1,m=0
V850E/IH4-H:n=0,1,m=0, 1
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When the TABnCCRb register is set to the same value as the TABnCCRO register, the INTTBnCCb
signal is generated at the same timing as the INTTBnCCO signal and the TOBmb pin output is inverted.
In other words, a PWM waveform with a duty factor of 50% can be output from the TOBmb pin.

The following shows the operation when the TABNCCRb register is set to other than the value set in the
TABnCCRO register.

If the set value of the TABnCCRb register is less than the set value of the TABnCCRO register, the
INTTBnCCb signal is generated once per cycle. At the same time, the output of the TOBmb pin is
inverted.

The TOBmb pin outputs a PWM waveform with a duty factor of 50% after outputting a short-width pulse.

Figure 7-12. Timing Chart When Do1 > Db1

FFFFH Do+ Dot Dot Dot

. D D D D
16-bit counter Dﬂ}/ D11§’/ DzPﬁfZ DzPﬁfZ

0000H

TABNCE bit J

TABNCCRO register Dot

TOBNO pin output

INTTBNnCCO signal -| -| -| L

TABNnCCR1 register D11

TOBmM1 pin output

INTTBNnCC1 signal -| -| -| -|

TABNnCCR2 register D21

TOBmM2 pin output

INTTBnCC2 signal -| -| -| -|

TABNCCRS register Ds1

TOBmM3 pin output

INTTBNnCC3 signal -| -| -| -|

Remark VB850E/IG4-H:n=0,1,m=0,b=1t03
V850E/IH4-H:n=0,1,m=0,1,b=11t03

RO1UHO306EJ0300 Rev.3.00 "2
Sep 30, 2011 u EN ESAS

Page 344 of 1434



V850E/IG4-H, V850E/IH4-H CHAPTER 7 16-BIT TIMER/EVENT COUNTER AB (TAB)

If the set value of the TABNCCRb register is greater than the set value of the TABnCCRO register, the
count value of the 16-bit counter does not match the value of the TABNnCCRb register. Consequently, the
INTTBnCCDb signal is not generated, nor is the output of the TOBmb pin changed.

When the TABNnCCRb register is not used, it is recommended to set its value to FFFFH.

Figure 7-13. Timing Chart When Do1 < Db1

FFFFH Do Doi Do Do
16-bit counter

0000H

TABNCE bit J

TABNCCRO register Dot

TOBNO pin output

INTTBnCCO signal -| -| -| L

TABNCCR1 register D11

TOBmM1 pin output

INTTBNnCC1 signal L

TABNCCR2 register D21

TOBmM2 pin output

INTTBnCC2 signal L

TABNnCCRS register D31

TOBmM3 pin output

INTTBNnCC3 signal L

Remark V850E/IG4-H:n=0,1,m=0,b=11t03
V850E/IH4-H:n=0,1,m=0,1,b=11t03
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(3) Operation by external event count input (EVTBn)

(a) Operation

To count the 16-bit counter at the valid edge of the external event count input (EVTBn) in the interval
timer mode, the 16-bit counter is cleared from FFFFH to 0000H by the valid edge of the external event

count input after the TABnCE bit is set from 0 to 1.

When 0001H is set to both the TABnCCRO and TABnCCRb registers, the output of the TOBn0O and

TOBmMb pins is inverted each time the 16-bit counter counts twice (b = 1 to 3).

The TABnCTL1.TABnEEE bit can be set to 1 in the interval timer mode only when the timer output

(TOBNO, TOBmb) is used with the external event count input.

FFFFH

16-bit counter

0000H
TABNCE bit

External event count input
(EVTBn pin input)

TABNCCRO register

TOBNO pin output

TABNCCR1 register

TOBmM1 pin output

TABNCCR2 register

TOBmM2 pin output

TABNCCRB3 register

TOBmM3 pin output

Remark V850E/IG4-H:n=0,1,m=0,b=1t03
V850E/IH4-H:n=0,1,m=0,1,b=11t03

0001H 0001H 0001H
%
J / \ \ Yy | \ {_
0001H 0001H 0001H
0001H 0001H 0001H
0001H 0001H 0001H
0001H 0001H 0001H
2-count width 2-count width 2-count width
Number of external Number of external Number of external
events: 2 events: 2 events: 2
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7.6.2 External event count mode (TABnMD2 to TABnMDO bits = 001)

In the external event count mode, the valid edge of the external event count input (EVTBn) is counted when the
TABnCTLO.TABnCE bit is set to 1, and an interrupt request signal (INTTBnCCO) is generated each time the
specified number of edges set by the TABnCCRO register have been counted. The TOBn0 and TOBm1 to TOBm3
pins cannot be used. When using the TOBn0 and TOBm1 to TOBm3 pins for external event count input, set the
TABnCTL1.TABnEEE bit to 1 in the interval timer mode (see 7.6.1 (3) Operation by external event count input
(EVTBn)).

The TABNnCCR1 to TABNCCRS registers are not used in the external event count mode.

Remark V850E/IG4-H:n=0,1,m=0
V850E/IH4-H:n=0,1,m=0, 1

Figure 7-14. Configuration in External Event Count Mode

Clear
EVTBnN pin Edge
(external event (O— d 9 >—~ 16-bit counter
. etector
count input)
Match signal
{} atch signa INTTBNnCCO signal
TABNCE bit CCRO buffer register

il

TABNCCRO register

Remark n=0,1
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Figure 7-15. Basic Timing in External Event Count Mode

FFFFH l,’ \\//\

DD —— DD d 1 Do M.
16-bit counter ; \

0000H 16-bit counter Do—1X Do ooooXooo1

! , External event
TABNCE bit : : count input | | | | | |

(EVTBn pin input)

TABNCCRO register Do

=1

TABNCCRO register

—|— INTTBnCCO signal |

INTTBNCCO signal _l ‘ _l ;
External | External’. | External
event event event
count: count: count:

(Do+1) (Do+1) (Do + 1)

Remarks 1. This figure shows the basic timing when the rising edge is specified as the valid edge of the
external event count input.
2. n=0,1
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When the TABnCE 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
TABNnCCRO 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 (INTTBnCCO) is generated.

The INTTBnCCO signal is generated each time the valid edge of the external event count has been detected
“value set to TABNCCRO register + 1” times.

Figure 7-16. Register Setting for Operation in External Event Count Mode (1/2)

(a) TABnN control register 0 (TABnCTLO)

TABnCE TABnCKS2 TABnCKS1 TABnCKSO
TABnCTLO | 01 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 |

‘ 0: Stop counting
1: Enable counting

(b) TABnN control register 1 (TABnCTL1)

TABNEST TABnEEE TABNMD2 TABAMD1 TABnMDO
TABnCTL1|0‘O‘O‘O‘O‘O‘O‘1|

0,0, 1:
External event count mode

(c) TABn /O control register 2 (TABnlOC2)

TABNEES1 TABNEESO TABnETS1 TABNETSO
TABnIOCZlO‘0‘0‘0‘0/1‘0/1‘0‘O|

Select valid edge
of external event
count input (EVTBn pin)

(d) TABn counter read buffer register (TABNnCNT)
The count value of the 16-bit counter can be read by reading the TABNCNT register.

(e) TABn capture/compare register 0 (TABhnCCRO)
If the TABNCCRO register is set to Do, the compare match interrupt request signal (INTTBnCCO) is
generated when the number of external events has reached (Do + 1).
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Figure 7-16. Register Setting for Operation in External Event Count Mode (2/2)

(f) TABn capture/compare registers 1 to 3 (TABhCCR1 to TABnCCR3)

The TABnCCR1 to TABNnCCRS3 registers are not used in the external event count mode. However, the
set value of the TABnCCR1 to TABnCCR3 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 CCRS3 buffer
registers, compare match interrupt request signals (INTTBnCC1 to INTTBnCC3) are generated.
When the TABnCCR1 to TABnCCRS registers are not used, it is recommended to set their values to
FFFFH. Also mask the registers by the interrupt mask flags (TABnCCIC1.TABhCCMK1 to
TABnCCIC3.TABnCCMK3).

Caution Set the TABNnIOCO register to 00H.

Remarks 1. TABm 1/O control register 1 (TABmIOC1) and TABn option register 0 (TABnOPTO) are
not used in the external event count mode.
2. V850E/IG4-H:n=0,1,m=0
V850E/IH4-H:n=0,1,m=0, 1
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(1) External event count mode operation flow

Figure 7-17. Software Processing Flow in External Event Count Mode

FFFFH

. Do —— Do —— Do —
16-bit counter

0000H

TABNCE bit

TABNCCRO register x Do

INTTBnCCO signal —l —l —l

<1> <2>

<1> Count operation start flow

(o)

Register initial setting Initial setting of these registers
TABNCTLI1 register, is performed before setting the
TABNIOC2 register, TABNCE bit to 1.
TABNnCCRO to TABnCCR3
registers
TABNCE bit = 1

<2> Count operation stop flow

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

(s )

Remark n=0,1

ROTUHO306EJ0300 Rev.3.00 Page 351 of 1434
Sep 30, 2011 RENESAS



V850E/IG4-H, V850E/IH4-H

CHAPTER 7 16-BIT TIMER/EVENT COUNTER AB (TAB)

(2) Operation timing in external event count mode

Cau

Remark

tion In the external event count mode, use of the timer output (TOBn0, TOBm1 to TOBm3) is
disabled. If using timer output (TOBn0, TOBm1 to TOBm3) with external event count input
(EVTBn), set the interval timer mode, and select the operation enabled by the external
event count input for the count clock (TABnCTL1.TABnEEE bit = 1) (see 7.6.1 (3) Operation
by external event count input (EVTBn)).

V850E/IG4-H:n=0,1,m=0

V850E/IH4-H:n=0,1,m=0, 1

(a) Operation if TABNCCRO register is set to 0000H
When the TABnCCRO register is set to 0000H, the 16-bit counter is repeatedly cleared to 0000H and
generates an INTTBnCCO 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

TABNCE bit

TABNCCRO register

INTTBNnCCO signal

Remark n=0, 1

0000H

] o e

INTTBNnCCO signal is generated each time the 16-bit counter
counts the valid edge of the external event count input.
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(b) Operation if TABNnCCRO register is set to FFFFH
If the TABNCCRO 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 INTTBnCCO signal is generated. At this time, the
TABNnOPTO.TABNOVF bit is not set.

FFFFH

16-bit counter

0000H

TABNCE bit

TABNCCRO register FFFFH

INTTBNnCCO signal —| —| —|

External event | External event External event
count: 10000H | count: 10000H | count: 10000H

Remark n=0,1
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(c) Operation with TABNnCCRO set to FFFFH and TABNnCCRb register to 0000H
When the TABnCCRO register is set to FFFFH, the 16-bit counter counts 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 INTTBnCCO signal is generated. At this time, the
TABnOPTO.TABNOVF bit is not set.
If the TABNCCRD register is set to 0000H, the INTTBnCCb signal is generated when the 16-bit counter is

cleared to O0O00H.

FFFFH

16-bit counter

0000H

TABNCE bit

TABNCCRO register

INTTBNnCCO signal

TABNCCR1 register

INTTBNnCC1 signal

TABNCCR2 register

INTTBnCC2 signal

TABNCCRS3 register

INTTBNnCCS3 signal

Remark n=0,1
b=1t0o3

| | |
1 1 1 1
[ 1 [ 1
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(d) Notes on rewriting the TABNnCCRO register
If the value of the TABNCCRO register is rewritten to a smaller value during counting, the 16-bit counter

may overflow. When the overflow may occur, stop counting once and then change the set value.

FFFFH

16-bit counter

0000H

TABNCE bit

TABNCCRO register

INTTBnCCO signal

Remark n=0,1

D1 — D1 —
D2 Do— D2—(—
D1 D2
External event External event count (NG) External event
count (1) (10000H + D2 + 1) count (2)
(D1+1) (D2 + 1)

If the value of the TABNnCCRO 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 TABnCCRO

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 INTTBnCCO

signal is generated.

Therefore, the INTTBnCCO 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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(e) Operation of TABNnCCR1 to TABNnCCRS3 registers

Figure 7-18. Configuration of TABnCCR1 to TABNCCR3 Registers

TABNnCCR1
register

iy

CCR1 buffer
register

@ Match signal .
PaN INTTBnCC1 signal

TABnCCR2
register

1§l

CCR2 buffer
register

L Waten signal INTTBnCC2 signal

TABnCCR3
register

U

CCRS buffer
register

{} Match signal INTTBNnCCS3 signal

Clear

Edge
EVTBn pin O— dete?;tor :>— 16-bit counter
(external event

count input) & Match signal
ﬁ '9 INTTBNCCO signal

TABNCE bit CCRO buffer register

il

TABNCCRO register

Remark n=0,1
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If the set value of the TABNCCRb register is smaller than the set value of the TABnCCRO register, the
INTTBNnCCDb signal is generated once per cycle.

Figure 7-19. Timing Chart When Do1 > Db1

FFFFH Do Dot Dot Do1

16-bit counter b DSZ D Da1/ D D31/ D D31/
D21ZﬂZ D21Z11’Z D21Z1‘Z D21Z11’Z

0000H

TABNCE bit

TABNCCRO register Dot

INTTBNnCCO signal -| -| -| L

TABNnCCR1 register D11

INTTBnCC1 signal -| -| -| -|

TABNCCR2 register Da21

INTTBnCC2 signal -| -| -| -|

TABnCCRS register Das

INTTBnCC3 signal

Remark n=0,1
b=1t03
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If the set value of the TABNCCRb register is greater than the set value of the TABnCCRO register, the
INTTBnCCDb signal is not generated because the count value of the 16-bit counter and the value of the
TABNnCCRD register do not match.

When the TABNnCCRb register is not used, it is recommended to set its value to FFFFH.

Figure 7-20. Timing Chart When Do1 < Dob1

FFFFH Do1 Dot Dot Dot

16-bit counter

0000H

TABNCE bit

TABNCCRO register Dot

INTTBNnCCO signal -| -| -| L

TABNCCR1 register D11

INTTBnCC1 signal ||

TABNnCCR2 register Da1

INTTBNnCC2 signal L

TABNCCRS register Da1

INTTBnCC3 signal L

Remark n=0,1
b=1t03

ROTUHO306EJ0300 Rev.3.00 Page 358 of 1434
Sep 30, 2011 RENESAS



V850E/IG4-H, V850E/IH4-H

CHAPTER 7 16-BIT TIMER/EVENT COUNTER AB (TAB)

7.6.3 External trigger pulse output mode (TABnMD2 to TABnMDO bits = 010)

In the external trigger pulse output mode, 16-bit timer/event counter AB waits for a trigger when the
TABnCTLO.TABNCE bit is set to 1. When the valid edge of an external trigger input signal (TRGBn) is detected, 16-
bit timer/event counter AB starts counting, and outputs a PWM waveform (up to 3-phase) from the TOBm1 to
TOBm3 pins. A PWM waveform with a duty factor of 50% whose half cycle is the set value of the TABnCCRO
register + 1 can also be output from the TOBnNO pin.

Pulses can also be output by generating a software trigger instead of using the external trigger input.

Caution The TAB1 output of the V850E/IG4-H is one PWM output with a duty factor of 50%

Figure 7-21. Configuration in External Trigger Pulse Output Mode

TABnCCR1
register

{5

Transfer

CCRH1 buffer
register

{} Match signal

Output
controller

O TOBm1 pin

TABnCCR2

Transfer

( R (RS-FF)

register
1§

CCR2 buffer
register

{} Match signal

INTTBNnCC1 signal

+—=1S Output

O TOBmM2 pin

( R controller

INTTBNnCC2 signal

TABnCCR3
register
Transfer
TRGBN pin O— dEdge u47
. - etector
(external trigger input) . Output
CCRS buffer controller |~@©) TOBm3 pin
register R (RS-FF)
Software trigger ] (
generation {} Match signal | | INTTBNnCCS3 signal
‘ ‘ Clear |
Internal count clock —{  Count
EVTBn pin clock Count _ Output _
(external event O—= Edge [ selection start 16-bit counter | controller [ ~© TOBNO pin
count input) detector control
{} Match signal
ﬁ INTTBnCCO signal
TABNCE bit CCRO buffer register
ﬁ Transfer
TABNCCRO register
Remark V850E/IG4-H:n=0,1,m=0
V850E/IH4-H:n=0,1,m =0, 1
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Figure 7-22. Basic Timing in External Trigger Pulse Output Mode

FFFFH
16-bit counter

0000H

TABNCE bit

External trigger input
(TRGBn pin input)

TABNnCCRO register

INTTBnCCO signal

TOBNO pin output

TABNnCCRT1 register

INTTBNnCC1 signal

TOBmM1 pin output

TABNCCR2 register

INTTBnCC2 signal

TOBmM2 pin output

TABNCCRS register

INTTBNCCS3 signal

TOBmM3 pin output

for trigger

Remark V850E/IG4-H:n=0,1,m=0
V850E/IH4-H:n=0,1,m=0, 1
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Active level Active level Active level Active level  Active level
width width width width width
(D1) (D1) (D1) (D1) (D1)
D2
Active level Active level Active level
width (D2) width (D2) width (D2)
Ds
Active level Active level Active level
width (Ds) width (Ds) width (Ds)
Wait Cycle (Do + 1) Cycle (Do + 1) Cycle (Do + 1)
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16-bit timer/event counter AB waits for a trigger when the TABnCE 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 TOBmb pin. If the trigger is generated again while the counter is operating, the counter is cleared to 0000H
and restarted. (The output of the TOBNO pin is inverted. The TOBmb 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 TABNCCRb register) x Count clock cycle
Cycle = (Set value of TABnCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TABnCCRDb register)/(Set value of TABnCCRO register + 1)

The compare match request signal INTTBnCCO is generated when the 16-bit counter counts next time after its
count value matches the value of the CCRO buffer register, and the 16-bit counter is cleared to 0000H. The
compare match interrupt request signal INTTBnCCb is generated when the count value of the 16-bit counter
matches the value of the CCRb buffer register.

The value set to the TABNnCCRa register is transferred to the CCRa 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 an external trigger input signal (TRGBn), or setting the software trigger (TABnCTL1.TABnEST
bit) to 1 is used as the trigger.

Remark V850E/IG4-H:n=0,1,m=0,a=0to3,b=1t03
V850E/IH4-H:n=0,1,m=0,1,a=0t03,b=11t03

Figure 7-23. Setting of Registers in External Trigger Pulse Output Mode (1/3)

(a) TABnN control register 0 (TABnCTLO)

TABNnCE TABnCKS2 TABnCKS1 TABnCKSO
TABnCTLO | 01 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

——— Select count clock

0: Stop counting
1: Enable counting

Note The setting is invalid when the TABnCTL1.TABnEEE bit = 1.
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Figure 7-23. Setting of Registers in External Trigger Pulse Output Mode (2/3)

(b) TABn control register 1 (TABnCTL1)

TABNEST TABnEEE

TABnMD2 TABnMD1 TABnMDO

TABnCTL1| 0 ‘ o ‘ o ‘ 0 ‘ 0

0,1,0:
L External trigger pulse
output mode

0: Operate on count

clock selected by

TABNCKSO0 to TABNCKS2 bits
1: Count with external

event count input signal

(c) TABnN I/O control register 0 (TABnIOCO0)

Generate software trigger
when 1 is written

TABmOL3 TABmOE3 TABmOL2 TABmOE2 TABmOL1 TABmOE1 TABmOLO TABmOEO

TABnIOCOl 0/ \ 0 \ 0/ \ 0/ \ 0/ \ o \ o \ 0/1 |

0: Disable TOBNO pin output
1: Enable TOBNO pin output

Setting of TOBNO pin output level
while waiting for external trigger

0: Low level

1: High level

0: Disable TOBm1 pin output
1: Enable TOBm1 pin output

Setting of TOBm1 pin output level
while waiting for external trigger

0: Low level
1: High level

0: Disable TOBm2 pin output

1: Enable TOBm2 pin output

Setting of TOBm2 pin output level

while waiting for external trigger
0: Low level
1: High level

0: Disable TOBm3 pin output

1: Enable TOBm3 pin output

Setting of TOBm3 pin output level

e When TABmOLDb bit =0

16-bit counter —I/I/I/I/

TOBmb pinoutput _ 11 1L —

while waiting for external trigger
0: Low level
1: High level

e When TABmOLDb bit = 1

16-bit counter —I/I/I/I/

TOBmb pinoutout —_ ™11 1L
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Figure 7-23. Setting of Registers in External Trigger Pulse Output Mode (3/3)

(d) TABn /O control register 2 (TABnlOC2)

TABNEEST TABNEESO TABNETS! TABNETSO
TABnioc2 | o | o | o | o | ot | ot | on | o1 |

L
Select valid edge of

external trigger input (TRGBn pin)

Select valid edge of
external event count input
(EVTBnN pin)

(e) TABn counter read buffer register (TABNnCNT)
The value of the 16-bit counter can be read by reading the TABNnCNT register.

(f) TABN capture/compare registers 0 to 3 (TABnCCRO to TABnCCR3)
If Do is set to the TABNCCRO register, D1 to the TABnCCR1 register, D2 to the TABnCCR2 register, and
Ds, to the TABNCCRS3 register, the cycle and active level of the PWM waveform are as follows.

Cycle = (Do + 1) x Count clock cycle

TOBm1 pin PWM waveform active level width = D1 x Count clock cycle
TOBm2 pin PWM waveform active level width = D2 x Count clock cycle
TOBmM3 pin PWM waveform active level width = Ds x Count clock cycle

Remarks 1. TABm I/O control register 1 (TABmIOC1) and TABn option register 0 (TABnOPTO) are
not used in the external trigger pulse output mode.
2. V850E/IG4-H:n=0,1,m=0,b=1t03
V850E/IH4-H:n=0,1,m=0,1,b=1t0 3
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(1) Operation flow in external trigger pulse output mode

Figure 7-24. Software Processing Flow in External Trigger Pulse Output Mode (1/2)

FFFFH
Dos
16-bit counter Dog / Dog Dog Dog Dog
D D — D D
D Dgl/ D Dﬂ} D D21§Z D Dsc/ D21§Z D D2 fz
Do f‘z ] 4] D1§Z Dw[ 1]
0000H
TABNCE bit
External trigger input '|

(TRGBn pin input)

TABNCCRO register x Doo Dot X Doo

CCRO buffer register Doo Dot Doo

INTTBnCCO signal -| -| -| -| -|

TOBNO pin output

TABNCCRT1 register x D1o D11 X D11 Do D1o D11

CCR1 buffer register X D1o D11 D11 D1o D1o D11

INTTBnCCH signal -| -| -l -l -l

TOBmM1 pin output

TABNCCR2 register x D29 D21 D2o D21

CCR2 buffer register X D20 D21 D20 D2

INTTBnCC2 signal -| -| -| -| -|

TOBmM2 pin output -

TABNCCRS register x Dao Dst Dso Da

CCR3 buiffer register X Dso Ds; Dso Dat

INTTBnCC3 signal -| -| -| -| -|

TOBmM3 pin output - I I

I T bt T

<1> <2> <3> <4> <5> <6> <7>
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Figure 7-24. Software Processing Flow in External Trigger Pulse Output Mode (2/2)

START

Register initial setting
TABNCTLO register
(TABNCKSO to
TABNCKS?2 bits)
TABNCTLA1 register,
TABNIOCO register,
TABNIOC2 register,
TABnCCRO to TABnCCR3
registers

TABNCE bit = 1

setting change flow

|

Setting of TABnCCRO, TABnCCR2,
and TABnCCRa3 registers

TABNnCCR1 register

|

Setting of TABNCCRO register

Setting of TABNCCR1 register

<1> Count operation start flow

Initial setting of these
registers is performed
before setting the
TABNCE bit to 1.

The TABnCKSO to
TABNCKS?2 bits can be
set at the same time

as when counting is
enabled (TABNnCE bit = 1).
Trigger wait status

<2> TABnCCRO to TABnCCRBS register

Writing of the TABnCCR1
register must be performed
after writing the TABnCCRO,
TABnCCR2, and TABnCCR3
registers.

When the counter is cleared
after setting, the value

of the TABnCCRa register is
transferred to the CCRa buffer
registers.

<3> TABnCCRO register setting change flow

Writing same value (same as
preset value of the TABnCCRH1
register) to the TABnCCR1
register is necessary only
when the set cycle is changed.

When the counter is
cleared after setting,

the value of the TABNnCCRa
register is transferred to

the CCRa buffer register.

<4> TABnCCR1 to TABnCCRa3 register

setting change flow

|

Setting of TABnCCR2 and
TABNnCCRB3 registers

Setting of TABNCCR1 register

Writing of the TABnCCR1

register must be performed

when the set duty factor is only
changed after writing the
TABnCCR2 and TABNnCCR3
registers.

When the counter is cleared

after setting, the value of the
TABNCCRa register is transferred
to the CCRa buffer register.

<5> TABnCCR2, TABnCCRS register

setting change flow

|

Setting of TABnCCR2 and
TABNCCRBS registers

Setting of TABNCCR1 register

Writing same value (same as
preset value of the TABnCCR1
register) to the TABnCCR1 register
is necessary only when the set
duty factor of the TOBm2 and
TOBmM3 pin outputs is changed.
When the counter is

cleared after setting,

the value of the TABnCCRa
register is transferred to

the CCRa buffer register.

<6> TABnCCR1 register setting change flow

|

Setting of TABNCCR1 register

Only writing of the TABnCCR1
register must be performed when
the set duty factor of the TOBm1 is
only changed.

When counter is cleared after
setting, the value of the TABnCCRa
register is transferred to the CCRa
buffer register.

<7> Count operation stop flow

TABNCE bit =0

STOP

Remark V850E/IG4-H:n=0,1,m=0,a=0t03
V850E/IH4-H:n=0,1,m=0,1,a=0t0 3

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 TABNnCCR1 register last.
Rewrite the TABnCCRDb register after writing the TABnCCR1 register after the INTTBnCCO signal is
detected.

Remark V850E/IG4-H:n=0,1,m=0,b=1t03
V850E/IH4-H:n=0,1,m=0,1,b=11t03

FFFFH
Dot Do1

16-bit counter Doo Doo Doo Ds1 / Dat /

Dso Daso Dao Dot
Z|7D202 Dzozz D11 D11

0000H D10 71 D10 D10

TABNCE bit

External trigger input _|
(TRGBn pin input)

TABNCCRO register x Doo Do1

CCRO buffer register Doo Dot

INTTBnCCO signal _l —l —l —l —I_

TOBNO pin output

TABNCCR1 register x D1o D11

CCR1 buffer register D1o D11

INTTBnCC1 signal _| —| —| —| —|

TOBmM1 pin output

TABNnCCR2 register x D20 D2

CCR2 buffer register D20 D21

INTTBnCC2 signal _| —| —| —| —|

TOBmM?2 pin output

TABNCCRS3 register >< Dao X Dot

CCR3 buffer register

INTTBnCC3 signal

TOBmM3 pin output
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In order to transfer data from the TABnCCRa register to the CCRa buffer register, the TABnCCR1
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 TABnCCRO register, set the active level width to the TABnCCR2 and TABnCCR3 registers, and then
set an active level to the TABnCCRH1 register.

To change only the cycle of the PWM waveform, first set the cycle to the TABnCCRO register, and then
write the same value (same as preset value of the TABnCCR1 register) to the TABnCCR1 register.

To change only the active level width (duty factor) of the PWM waveform, first set an active level to the
TABNnCCR2 and TABnCCRB3 registers and then set an active level to the TABnCCR1 register.

To change only the active level width (duty factor) of the PWM waveform output by the TOBm1 pin, only
the TABnCCR1 register has to be set.

To change only the active level width (duty factor) of the PWM waveform output by the TOBm2 and
TOBmM3 pins, first set an active level width to the TABnCCR2 and TABnCCR3 registers, and then write
the same value (same as preset value of the TABnCCR1 register) to the TABnCCR1 register.

After data is written to the TABNnCCR1 register, the value written to the TABnCCRa register is transferred
to the CCRa 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 TABNCCRO to TABnCCRB3 registers again after writing the TABnCCR1 register once, do so
after the INTTBnCCO signal is generated. Otherwise, the value of the CCRa buffer register may become
undefined because timing of transferring data from the TABnCCRa register to the CCRa buffer register
conflicts with writing the TABnCCRa register.

Remark V850E/IG4-H:n=0,1,m=0,a=0t03
V850E/IH4-H:n=0,1,m=0,1,a=01t0 3
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(b) 0%/100% output of PWM waveform
To output a 0% waveform, set the TABnCCRb register to 0000H. The 16-bit counter is cleared to 0000H
and the INTTBnCCO and INTTBnCCb signals are generated at the next timing 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 ::X Do—-1 X Do 0000 X 0001 x ::X Do—1 X Do 0000 x
§

TABNCE bit J

External trigger input H
(TRGBn pin input)

((
)]

(

)

(( ((
It g
)] )]
{

)

{

)

TABNCCRO register Do Do Do
> )
) )]
TABNCCRb register 0000H N 0000H B 0000H
[ ]Note ] Note
INTTBnCCO signal N N
)] )]
[ Note ] Note
INTTBNnCCb signal

TOBmb pin output L

Note The timing is actually delayed by one operating clock (fxx).

Remark V850E/IG4-H:n=0,1,m=0,b=1t03
V850E/IH4-H:n=0,1,m=0,1,b=11t0 3
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To output a 100% waveform, set a value of (set value of TABNCCRO register + 1) to the TABnCCRb
register. If the set value of the TABNCCRO register is FFFFH, 100% output cannot be produced.

16-bit counter  FFFF |X 0000 ::X Do — 1X Do 0000 X 0001 x ::X Do — 1X Do 0000 x
{(
)]
TABNCE bit J

External trigger input _|
(TRGBn pin input)

TABNCCRO register Do Do Do
! )
)] )]
TABNCCRb register Do + 1 B Do + 1 B Do + 1
)] )]
Note Note
INTTBNnCCO signal M M
)] )]
INTTBNnCCb signal

TOBmMDb pin output

Note The timing is actually delayed by one operating clock (fxx).

Remark V850E/IG4-H:n=0,1, m=0,b=1t03
V850E/IH4-H:n=0,1,m=0,1,b=1t0 3
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(c) Conflict between trigger detection and match with CCRb buffer register
If the trigger is detected immediately after the INTTBnCCb signal is generated, the 16-bit counter is
immediately cleared to 0000H, the output signal of the TOBmb pin is asserted, and the counter
continues counting. Consequently, the inactive period of the PWM waveform is shortened.

Do

0000 x

External trigger input
(TRGBn pin input)

16-bit counter  FFFF X 0000 xDb—'l
— )

CCRb buffer register Do

INTTBnCCb signal

-

TOBmb pin output

Remark V850E/IG4-H:n=0,1,m=0,b=11t03
V850E/IH4-H:n=0,1,m=0,1,b=1103

[92)

hortened

If the trigger is detected immediately before the INTTBNnCCb signal is generated, the INTTBnCCb signal
is not generated, and the 16-bit counter is cleared to 0000H and continues counting. The output signal
of the TOBmb pin remains active. Consequently, the active period of the PWM waveform is extended.

16-bit counter ~ FFFF |X 0000 x Db—2X X OOOOX 0001 x x Do — 1 Do
External trigger input
(TRGBnN pin input) " "
[ [
CCRb buffer register Do
{ {
)] )]
INTTBnCCb signal

TOBmMb pin output

Extended

Remark V850E/IG4-H:n=0,1,m=0,b=11t03
V850E/IH4-H:n=0,1,m=0,1,b=1103
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(d) Conflict between trigger detection and match with CCRO buffer register
If the trigger is detected immediately after the INTTBnCCO signal is generated, the 16-bit counter is
cleared to 0000H and continues counting up. Therefore, the active period of the TOBmb pin is extended
by time from generation of the INTTBnCCO signal to trigger detection.

16-bit counter  FFFF .OOOO x Do—1X Do 0000 OOOOX:

External trigger input
(TRGBn pin input)

CCRO buffer register B Do
)]
INTTBNnCCO signal —l
45
TOBmMb pin output
E— [ —

Extended

Remark V850E/IG4-H:n=0,1, m=0,b=1t03
V850E/IH4-H:n=0,1,m=0,1,b=11t0 3

If the trigger is detected immediately before the INTTBnCCO signal is generated, the INTTBnCCO signal
is not generated. The 16-bit counter is cleared to 0000H, the TOBmb pin is asserted, and the counter
continues counting. Consequently, the inactive period of the PWM waveform is shortened.

|
16-bit counter  FFFF .OOOO x Do — 1X Do 0000 X 0001 X:

External trigger input —l
(TRGBn pin input)

CCRO buffer register B Do
)Y
INTTBNnCCO signal N
)Y
TOBmMb pin output
Sh;rgned

Remark VB850E/IG4-H:n=0,1,m=0,b=11t03
V850E/IH4-H:n=0,1,m=0,1,b=1103
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(e) Generation timing of compare match interrupt request signal (INTTBnCCb)
The timing of generation of the INTTBnCCb signal in the external trigger pulse output mode differs from
the timing of INTTBnCCb signals in other mode; the INTTBnCCb signal is generated when the count
value of the 16-bit counter matches the value of the CCRb buffer register.

Count clock
16-bit counter Db -2 X Db -1 Do X Do+ 1 X Db+ 2
CCRb buffer register Do
. Note
TOBmb pin output
Note
INTTBNCCb signal

Note The timing is actually delayed by one operating clock (fxx).

Remark V850E/IG4-H:n=0,1,m=0,b=1t03
V850E/IH4-H:n=0,1,m=0,1,b=11t03

Usually, the INTTBNnCCb signal is generated in synchronization with the next count up after the count
value of the 16-bit counter matches the value of the CCRDb 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 TOBmb pin.

ROTUHO306EJ0300 Rev.3.00 Page 372 of 1434
Sep 30, 2011 RENESAS



V850E/IG4-H, V850E/IH4-H CHAPTER 7 16-BIT TIMER/EVENT COUNTER AB (TAB)

7.6.4 One-shot pulse output mode (TABnMD2 to TABnMDO bits = 011)

In the one-shot pulse output mode, 16-bit timer/event counter AB waits for a trigger when the TABnCTLO.TABnCE
bit is set to 1. When the valid edge of an external trigger input (TRGBn) is detected, 16-bit timer/event counter AB
starts counting, and outputs a one-shot pulse from the TOBm1 to TOBm3 pins. The TOBNO 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).

Instead of the external trigger input, a software trigger can also be generated to output the pulse.

Caution The TAB1 output of the V850E/IG4-H is one PWM output.

Figure 7-25. Configuration in One-Shot Pulse Output Mode

TABnCCR1
{ T register Transfer
} s Output
CCR1 buffer controller @O TOBm1 pin
register R (RS-FF)
{} Match signal INTTBNCCH signal
TABnCCR2
register
i ‘ Transfer
} s Output
CCR2 buffer controller O TOBm2 pin
register R (Rs-FF)
{} Match signal INTTBNCC2 signal
TABnCCR3
register
Edge Transfer |
TRGBn pin ©O—
) ; detector
(external trigger input) S Output
CCR3 buffer i controller —=© TOBm3 pin
register (RS-FF)
Software trigger {} )
generation Match signal ¢ INTTBnCC3 signal
L j Clear
Internal count clock —{  Count ‘ Output
EVTBn pin clock [ ) Count start . S .
(external _event@—» Edge [ selection control 16-bit counter t— Rc((l):{rgtg:%r ©TOBNO pin
count input) detector {} Match signal
9 INTTBNCCO signal
TABNCE bit CCRO buffer register

3

TABNCCRO register

Transfer

Remark V850E/IG4-H:n=0,1,m=0
V850E/IH4-H:n=0,1,m=0, 1
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Figure 7-26. Basic Timing in One-Shot Pulse Output Mode

FFFFH

Do Do Do
. Ds / Ds / Ds /
16-bit counter Dz/ D%/ Dz/
D~ D~ D~
0000H
TABNCE bit
External trigger input
(TRGBnN pin input)
TABNCCRO register x Do
INTTBNCCO signal -| -| _I_
TOBNO pin output
TABNCCRI register x D1
INTTBNCC1 signal ] ] ]
TOBmM1 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)
TABNCCR2 register x Do
INTTBnCC2 signal -| -| -|
TOBmM2 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
TABNCCRS3 register x Ds
INTTBnCCS signal -| -| -|
TOBmM3 pin output
Delay Active Delay Active Delay Active
(Ds) level width (Ds) level width (Ds) level width
(Do—Ds + 1) (Do—Ds + 1) (Do—Ds + 1)
Remark V850E/IG4-H:n=0,1,m=0
V850E/IH4-H:n=0,1,m=0, 1
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When the TABNCE bit is set to 1, 16-bit timer/event counter AB 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 TOBmb
pin. After the one-shot pulse is output, the 16-bit counter is set 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 TABnCCRb register) x Count clock cycle

Active level width = (Set value of TABNnCCRO register — Set value of TABnCCRb register + 1) x Count clock
cycle

The compare match interrupt request signal INTTBnCCO 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
INTTBnCCb is generated when the count value of the 16-bit counter matches the value of the CCRb buffer register.

The valid edge of an external trigger input (TRGBnN) or setting the software trigger (TABnCTL1.TABnEST bit) to 1
is used as the trigger.

Remark V850E/IG4-H:n=0,1,m=0,b=11t03
V850E/IH4-H:n=0,1,m=0,1,b=1103

Figure 7-27. Setting of Registers in One-Shot Pulse Output Mode (1/3)

(a) TABN control register 0 (TABnCTLO)

TABNnCE TABnCKS2 TABnCKS1 TABnCKSO
TABnCTLO | 01 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

Select count clocke®

0: Stop counting
1: Enable counting

Note The setting is invalid when the TABnCTL1.TABnEEE bit = 1.

(b) TABN control register 1 (TABnCTL1)

TABNEST TABNEEE TABnMD2 TABnMD1 TABNMDO
TABnCTL1|0‘0/1‘O/1‘O‘O‘O‘1‘1|

0,1, 1:
One-shot pulse output mode

0: Operate on count clock
selected by TABNnCKSO to
TABNCKS2 bits

1: Count external event
input signal

Generate software trigger
when 1 is written
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Figure 7-27. Register Setting in One-Shot Pulse Output Mode (2/3)

(c) TABn /O control register 0 (TABnIOCO0)

TABmMOL3 TABmOES TABmOL2 TABmOE2 TABmOL1 TABmOE1 TABmOLO TABMOEQ
TABnIOCOl 0/1 \ 0/1 \ 0/1 \ 0/1 \ 0/1 \ 0/1 \ 0/1 \ 0/1 |

0: Disable TOBNO pin output
1: Enable TOBNO pin output

Setting of TOBNO pin output level
while waiting for external trigger
0: Low level

1: High level

0: Disable TOBm1 pin output
1: Enable TOBm1 pin output

Setting of TOBm1 pin output level
while waiting for external trigger
0: Low level

1: High level

0: Disable TOBm2 pin output
1: Enable TOBm2 pin output

Setting of TOBmM2 pin output level
while waiting for external trigger
0: Low level

1: High level

0: Disable TOBm3 pin output
1: Enable TOBmS3 pin output

Setting of TOBm3 pin output level
while waiting for external trigger

0: Low level
1: High level
o When TABmMOLD bit = 0 e When TABmOLDb bit = 1
16-bit counter yd | yd | 16-bit counter yd | e |
TOBmMDb pin output 1 L TOBmMDb pin output L1 |

(d) TABn /O control register 2 (TABnlOC2)

TABNEES1 TABNEESO TABNETST TABNETSO
TABnIOCZl 0 \ 0 \ 0 \ 0 \ o \ 0/1 \ o \ 0/1|

Select valid edge of

external trigger input (TRGBn pin)

Select valid edge of
external event count input
(EVTBn pin)

(e) TABn counter read buffer register (TABNnCNT)
The value of the 16-bit counter can be read by reading the TABNCNT register.
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Figure 7-27. Register Setting in One-Shot Pulse Output Mode (3/3)

(f) TABn capture/compare registers 0 to 3 (TABhCCRO to TABnCCR3)
If Do is set to the TABnCCRO register and Db to the TABNnCCRDb register, the active level width and
output delay period of the one-shot pulse are as follows.
Active level width = (Db — Do + 1) x Count clock cycle
Output delay period = Db x Count clock cycle

Caution One-shot pulses are not output even in the one-shot pulse output mode, if the value
set in the TABNnCCRYb register is greater than that set in the TABnCCRO register.

Remarks 1. TABm I/O control register 1 (TABmIOC1) and TABn option register 0 (TABnOPTO) are
not used in the one-shot pulse output mode.
2. V850E/IG4-H:n=0,1,m=0,b=1t03
V850E/IH4-H:n=0,1,m=0,1,b=1t0 3
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(1) Operation flow in one-shot pulse output mode

Figure 7-28. Software Processing Flow in One-Shot Pulse Output Mode (1/2)

FFFFH

16-bit counter

0000H

TABNCE bit

External trigger input
(TRGBn pin input)

TABNCCRO register

INTTBnCCO signal

TOBNO pin output

TABNCCR1 register

INTTBnCC1 signal

TOBmM1 pin output

TABNCCR2 register

INTTBnCC2 signal

TOBmM2 pin output

TABNCCRBS register

INTTBnCC3 signal

TOBmM3 pin output

Remark

D1o

D2o

v

Dso

Doo

o

D11

D21

D31

Dot1,

T

<1>

VB850E/IG4-H:n=0,1,m=0
V850E/IH4-H:n=0,1,m=0, 1

<2>

<3>
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Figure 7-28. Software Processing Flow in One-Shot Pulse Output Mode (2/2)

<1> Count operation start flow

( START )

Register initial setting
TABNCTLO register
(TABnCKSO to
TABNCKS2 bits)
TABNCTL1 register,
TABnNIOCO register,
TABNIOC2 register,
TABnCCRO to TABnCCR3
registers

TABNCE bit = 1

|

Setting of TABNCCRO to

TABN