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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 sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

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

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

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

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

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 electronic appliances; machine tools; personal electronic equipment; and industrial robots.

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

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

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

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

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

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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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 Vi1 (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 ViL (MAX) and
ViH (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, /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 1/0O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or 1/0 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.
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These commodities, technology or software, must be exported in accordance
with the export administration regulations of the exporting country.
Diversion contrary to the law of that country is prohibited.

e The information in this document is current as of December, 2007. The information is subject to
change without notice. For actual design-in, refer to the latest publications of NEC Electronics data
sheets or data books, etc., for the most up-to-date specifications of NEC Electronics products. Not
all products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

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

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

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

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

o NEC Electronics products are classified into the following three quality grades: "Standard", "Special" and
"Specific".

The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-
designated "quality assurance program" for a specific application. The recommended applications of an NEC

Electronics product depend on its quality grade, as indicated below. Customers must check the quality grade of

each NEC Electronics product before using it in a particular application.

"Standard": Computers, office equipment, communications equipment, test and measurement equipment, audio
and visual equipment, home electronic appliances, machine tools, personal electronic equipment
and industrial robots.

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

"Specific": Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems and medical equipment for life support, etc.

The quality grade of NEC Electronics products is "Standard" unless otherwise expressly specified in NEC
Electronics data sheets or data books, etc. If customers wish to use NEC Electronics products in applications
not intended by NEC Electronics, they must contact an NEC Electronics sales representative in advance to
determine NEC Electronics' willingness to support a given application.

(Note)

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

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

Purpose

Organization

How to Read This Manual

PREFACE

This manual is intended for users who wish to understand the functions of the
V850ES/IK1 to design application systems using the V850ES/IK1.

This manual is intended to give users an understanding of the hardware functions.

The V850ES/IK1 User’'s Manual is divided into two parts: Hardware (this manual) and
Architecture (V850ES Architecture User's Manual). The organization of each manual
is as follows:

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

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

e To understand the overall functions of the V850ES/IK1
—Read this manual according to the CONTENTS.

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

e How to interpret the register format
—For a bit whose bit number is enclosed in angle brackets < >, its bit name is
defined as a reserved word in the device file.

e To understand the details of an instruction function
—Refer to the V850ES Architecture User’s Manual.

e To know the electrical specifications of the V850ES/IK1
—See CHAPTER 20 ELECTRICAL SPECIFICATIONS.

The “yyy bit of the xxx register” is described as the “xxx.yyy bit” in this manual. Note
with caution that if “xxx.yyy” is described as is in a program, however, the

compiler/assembler cannot recognize it correctly.

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

Data significance:
Active low representation:
Memory map address:

Note:

Caution:

Remark:

Numeric representation:

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

Data type:

Higher digits on the left and lower digits on the right
XxX (overscore over pin or signal name)

Higher addresses on the top and lower addresses on
the bottom

Footnote for item marked with Note in the text
Information requiring particular attention
Supplementary information

Binary ... xxxx or xxxxB

Decimal ... xxxx

Hexadecimal ... xxxxH

K (kilo): 2"° = 1,024

M (mega): 2° = 1,024°
G (giga): 2*° = 1,024°
Word ... 32 bits
Halfword ... 16 bits
Byte ... 8 bits
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Related Documents The related documents indicated in this publication may include preliminary versions.
However, preliminary versions are not marked as such.

Documents related to V850ES/IK1

Document Name Document No.
V850ES Architecture User's Manual U15943E
V850ES/IK1 Hardware User's Manual This manual

Documents related to development tools (user’s manuals)

Document Name Document No.
QB-V850EIA4 (In-circuit emulator) U17167E
QB-MINI2 On-Chip Debug Emulator with Programming Function U18371E
CA850 (Ver. 3.00) (C compiler package) Operation U17293E
C Language U17291E
Assembly Language U17292E
Link Directives U17294E
PM+ (Ver. 6.30) (Project manager) U18416E
ID850QB (Ver. 3.40) (Integrated debugger) Operation U18604E
TW850 (Ver. 2.00) (Performance analysis tuning tool) U17241E
RX850 (Ver. 3.20) (Real-time OS) Basics U13430E
Installation U17419E
Technical U13431E
Task Debugger U17420E
RX850 Pro (Ver. 3.21) (Real-time OS) Basics U18165E
Installation U17421E
Technical U13772E
Task Debugger U17422E
AZ850 (Ver. 3.30) (System performance analyzer) U17423E
PG-FP4 Flash Memory Programmer U15260E
PG-FP5 Flash Memory Programmer U18865E
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CHAPTER 1 INTRODUCTION

The VB850ES/IK1 is one of the low-power operation products in the NEC Electronics V850 single-chip
microcontrollers designed for real-time control applications.

1.1 General

The V850ES/IK1 is a 32-bit single-chip microcontroller that includes the VB50ES CPU core and peripheral functions
such as ROM/RAM, a timer/counter, serial interfaces, a watchdog timer, an A/D converter, and ROM correction.

In addition to high real-time response characteristics and 1-clock-pitch basic instructions, the V850ES/IK1 features
instructions such as multiply instructions, saturated operation instructions, and bit manipulation instructions realized by
a hardware multiplier, as optimum instructions for digital servo control applications. Moreover, as a real-time control
system, the VB50ES/IK1 enables an extremely high cost-performance for applications such as motor inverter control.
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1.2 Features

O Minimum instruction execution time:

31.25 ns (at internal 32 MHz operation)

O General-purpose registers: 32 bits x 32

O CPU features:

O Internal memory:

O ROM correction:

O Interrupts/exceptions:

O 1/O lines:

O Timer/counter function:

O Serial interfaces:

O A/D converter:

16

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

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

Part Number Internal ROM/Flash Memory Internal RAM
1PD703327 64 KB (mask ROM) 4 KB
1PD703329 128 KB (mask ROM) 6 KB
1PD70F3329 128 KB (flash memory) 6 KB

Four places can be corrected.

Non-maskable interrupts: 1 source (external: none, internal: 1)

Maskable interrupts: 42 sources (external: 7, internal: 35)
Software exceptions: 32 sources

Exception traps: 2 sources

I/O ports: 39

16-bit interval timer M (TMM): 1 channel

16-bit timer/event counter Q (TMQ): 2 channels

16-bit timer/event counter P (TMP): 4 channels

Motor control function (uses timer TMQ: 1 channel (TMQ1), TMP: 1 channel (TMP1))
16-bit accuracy 6-phase PWM function with dead time: 1 channel
High-impedance output control function
Timer tuning operation function
Arbitrary cycle setting function
Arbitrary dead-time setting function

Watchdog timer: 1 channel

Asynchronous serial interface A (UARTA)
3-wire variable length serial I/0 (CSIB)
CSIB: 1 channel
UARTA: 2 channels

10-bit resolution A/D converters (A/D converters 0 and 1): 4 channels x 2 units
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O Clock generator: 2.5 to 4 MHz resonator connectable (external clock input prohibited)
Multiplication function by PLL clock synthesizer (fixed to multiplication by eight, fxx =
20 to 32 MHz)
CPU clock division function (fxx, fxx/2, fxx/4, fxx/8)

O Power-save function: HALT/IDLE/ STOP mode
O Power-on-clear function
O Low-voltage detection function

O Package: 64-pin plastic LQFP (14 x 14)

O Operation supply voltage: Vobo =EVop=3.5t05.5V
AVbpo, AVop1 =4.5t0 5.5V

O Operation ambient temperature:
Ta=-40to +85°C
1.3 Applications

e Consumer appliances (such as inverter air conditioners, refrigerators, washing machines, etc.)
¢ Industrial equipment (such as motor control and general-purpose inverters, etc.)

<R> 1.4 Ordering Information
Part Number Package Internal ROM/Flash Memory
1PD703327GC-xxx-8BS-A 64-pin plastic LQFP (14 x 14) Mask ROM (64 KB)
uPD703329GC-xxx-8BS-A 64-pin plastic LQFP (14 x 14) Mask ROM (128 KB)
uPD70F3329GC-8BS-A 64-pin plastic LQFP (14 x 14) Flash memory (128 KB)

Remarks 1. xxx indicates ROM code suffix.
2. Products with -A at the end of the part number are lead-free products.
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1.5 Pin Configuration
e 64-pin plastic LQFP (14 x 14)
p#PD703327GC-xxx-8BS-A
p#PD703329GC-xxx-8BS-A
#PD70F3329GC-8BS-A
Top View
o
o O
o o
£k
O -~ Q@ O = = o o =
5235883g83%cge
OO0 X X X X® oo o
g g E EEEEE QB EE g -y
S S A ®mom oI T T TS O0OD
W woaooooaoooooo oo o oo oo
TTTTTTTTTTTTTTT?
O N © I ¥ O Al m O O O N © I I M
4 T T T T T TT OO OO OO O M
P25/TOQ1B3 O=—| 49 32 |=—=O PDL3
P24/TOQ1T3 O=—~| 50 31 |=—=O PDL4
P23/TOQ1B2 O=—{ 51 30 |=—=O PDL5/FLMD1Nt!
P22/TOQ1T2 O=~—~| 52 29 [«—=O PDL6
P21/TOQ1B1 O=—=| 53 28 [«—=O PDL7
P20/TOQ1T1 O=—| 54 27 —OEVss
ANI13 O—~| 55 26 ——O EVop
ANI12 O—~{ 56 25 [«——O FLMDQNete 1/|CNote 2
ANI11 O—~| 57 24 |=—=0O P10/TOQH01/TIQ01/TOQO1
ANI10 O—= 58 23 |=—=0O P11/TIQ02/TOQ02
AVrer1 O—| 59 22 |=—=0O P12/TOQH02/TIQ03/TOQ03
AVoot O——| 60 21 [=—0O P13/TIQ00
AVsst O— 61 20 |=—=O P14/TOQHO3/EVTQO
AVsso O— 62 19 [=—=O P16(CLMER)"**%TOQO0(CLMER)"**3/TIP20
AVooo O—| 63 18 [«=—=O P17/TOP21/TIP21
AVrero O—| 64 O 17 }=—=0O POO/INTPO/TOQHOOFF
O ~ N O < 1 ©
- N M T O O N OO - T - =
O &N M| - @ Qa O © — O L ubL w
SO O O © X X 2 0o
2232 o >>0EER8666
< < < < |W r £ £k O q =
o > oo o o g
& L <000
i v v & EE
o o O N ~
E E Q& o a
z z B B E
= 2 Z2 Z
n ¥ = <
22383
o o o
Notes 1. 4PD70F3329 only
2. 4PD703327, 703329 only

3.

output.

Function Pins of Port 1.

Low-level output is released by reset signal.

The CLMER signal is enabled only when P16 is specified as an output port or the output function of
TOQO00. When an error (oscillator stop) is detected by the clock monitor, a low level is forcibly

For details, see Table 4-5 Alternate-
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Pin Identification

ADTRGO, ADTRG1:

ANIOO to ANIO3,
ANI10 to ANI13:
AVbpo, AVbD1:
AVRero, AVREF1:
AVsso, AVssi:
EVob:

EVss:

EVTQO:

FLMDO, FLMD1:
IC:

INTPO to INTP6:
P00 to P06:

P10 to P14, P16, P17:

P20 to P27:
P30 to P33:
P40 to P44:
PDLO to PDL7:
REGC:
RESET:

A/D trigger input

Analog input

Analog power supply
Analog reference voltage
Analog ground

Power supply for port
Ground for port

Timer event count input
Flash programming mode
Internally connected
External interrupt input
Port 0

Port 1

Port 2

Port 3

Port 4

Port DL

Regulator control

Reset

RXDAO, RXDA1:
SCKBO:

SIBO:

SOBO:

TIPOO, TIPOT1,

TIP20, TIP21,

TIQOO0 to TIQO3:
TOPOO, TOPO1,
TOP21, TOP31,
TOQ1B1 to TOQ1B3,
TOQ1T1 to TOQ1T3,
TOQOO0 to TOQO3,
TOQ10,

TOQHO01 to TOQHOS3:
TOP20FF, TOP3OFF,

TOQ10FF, TOQHOOFF:

TXDAO, TXDAT1:
Vob:

Vss:

X1, X2:
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Receive data
Serial clock
Serial input
Serial output

Timer trigger input

Timer output

Timer output off
Transmit data
Power supply
Ground

Clock oscillator pin
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1.6 Function Blocks

(1) Internal block diagram

INTPO to INTP6 >

CPU

BCU

TIQOO0 to TIQO3, EVTQO,
TOQ10FF, TOQHOOFF

TOQOO to TOQO3, TOQ10,
TOQHO1 to TOQHO3,
TOQIT! to TOQ1T3, ]
TOQ1B1 to TOQ1B3

TIPOO, TIPO1, TIP20,TIP21,
TOP20OFF, TOP30OFF =

TOPO00, TOPO1,
TOP21,TOP31

INTC )
<:> ROM
_
2
T™MM - 2
x1ch
32-bit
E barrel shifter
o
T™Q <;> g :j System
x2ch o registers
General-
RAM purpose
registers
TMP o~ 32 bits x 32
x 4 ch 2 |
S M

=
=

D

Multiplier
(16x 16 - 32

4

Instruction
queue

SIS

TXDAO, TXDA1 =—
RXDAO, RXDA1 ——

UARTA
x2ch

&

SOBO0 =—
SIBO —
SCKBO ~—~

csiB

o
o
=3

ESIIES

ANIOO to ANIO3 D

ADTRGO —=
AVREFO —
AVbpo
AVsso

ADCO

POO to P06
P20 to P27
P30 to P33
P40 to P44

PDLO to PDL7

P10to P14, P16, P17

ANI10 to ANI13 >
ADTRG1 —
AVREF1 —
AVbp1 ——
AVss1 —]

ADCH1

Notes 1. xPD703327:
4PD703329:
4PD70F3329:

2. ©PD703327:

uPD703329, 70F3329:
3. uPD70F3329 only
4. 1PD703327, 703329 only

64 KB (mask ROM)
128 KB (mask ROM)
128 KB (flash memory)
4 KB

6 KB

CG
PLL

—— X1
— X2

| RG I—— RESET

" FLMDONote 3/|CNote 4
~— FLMD{"o*®?
— EVoo
—— EVss

Regulator

Vop
Vss
— REGC

CLM
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(2) Internal units

(a) CPU

The CPU uses five-stage pipeline control to enable single-clock execution of address calculations,

arithmetic logic operations, data transfers, and almost all other instruction processing.
Other dedicated on-chip hardware, such as a multiplier (16 bits x 16 bits — 32 bits) and a barrel shifter (32
bits), help accelerate complex processing.

(b) Bus control unit (BCU)

The BCU controls the internal bus.

(c) ROM

This is mask ROM or flash memory that is mapped from address 00000000H.

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

internal ROM capacity and area differ as follows depending on the product.

The

Part Number

Internal ROM Capacity

Internal ROM Area

uPD703327 64 KB (mask ROM) xn000000H to xnOOFFFFH
1PD703329 128 KB (mask ROM) xn000000H to xn01FFFFH
#PD70F3329 128 KB (flash memory) xn000000H to xn01FFFFH

Remark n=xx11B

(d) RAM

The internal RAM capacity and area differ as follows depending on the product.
During instruction fetch or data access, data can be accessed from the CPU in 1-clock cycles.

Part Number

Internal RAM Capacity

Internal RAM Area

uPD703327 4 KB xnFFEOOOH to xnFFEFFFH
1PD703329 6 KB xnFFD800H to xnFFEFFFH
uPD70F3329 6 KB xnFFD800H to xnFFEFFFH

Remark n=xx11B

(e) Interrupt controller (INTC)

This controller handles hardware interrupt requests (INTPO to INTP6) 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.

(f) 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 (fcru).
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(9)

(h)

Timer/counter

This unit incorporates one 16-bit interval timer M (TMM) channel, two 16-bit timer/event counter Q (TMQ)
channels, and four 16-bit timer/event counter P (TMP) channels, and can measure pulse interval widths or
frequency, enable an inverter function for motor control, and output a programmable pulse.

Watchdog timer (WDT)

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

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

(i) Serial interface
The VB50ES/IK1 includes two asynchronous serial interface A (UARTA) channels and one 3-wire variable
length serial I/0 (CSIB) channel as the serial interface.
For UARTA, data is transferred via the TXDAn and RXDAn pins (n =0, 1).
For CSIB, data is transferred via the SOBO, SIB0, and SCKBO pins.
(j) A/D converter (ADC)
The V850ES/IK1 includes two-channel 10-bit A/D converters (ADCO and ADC1) with four analog input
pins.
(k) ROM correction
A ROM correction function that replaces part of a program in the mask ROM or flash memory with a
program in the internal RAM is provided. Up to four correction addresses can be specified.
() Ports
As shown below, the following ports have general-purpose port functions and control pin functions.
Port I/0 Alternate Function
Port 0 7-bit 1/0 Timer/counter input, external interrupt input, external trigger input of A/D converter
Port 1 7-bit 110 Timer/counter /O
Port 2 8-bit 110 Timer/counter output
Port 3 4-bit I/O Serial interface 1/0
Port 4 5-bit 110 Serial interface I/O, timer/counter I/O
Port DL 8-bit 110 -
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2.1 List of Pin Functions

CHAPTER 2 PIN FUNCTIONS

The names and functions of the pins in the V850ES/IK1 are listed below. These pins can be divided into port pins

and non-port pins according to their function.

There are two power supplies for the I/O buffer of a pin: power supply for A/D converter (AVboo and AVobp1) and

power supply for external pin (EVop). The relationship between each power supply and the pins is shown below.

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

Power Supply Corresponding Pins
AVbpo, AVop1 ANIOO to ANIO3, ANI10 to ANI13
EVoo Ports 0 to 4, port DL, RESET

(1) Port pins

(1/2)
Pin Name Pin No. I/0 Function Alternate Function

P00 17 I/0 Port 0 INTPO/TOQHOOFF
P01 16 7-bit I/O port INTP1/TOQ1OFF

Input data read/output data write is enabled in 1-bit units.
P02 15 Use of an on-chip pull-up resistor can be specified in 1-bit INTP2/TOP20OFF
P03 14 units (the on-chip pull-up resistor can be connected only in INTP3/TOP30OFF

the input mode of the port mode and when the alternate
P04 13 ! - INTP4/ADTRGO

function of the pin is used).
P05 12 INTP5/ADTRGH1
P06 11 INTP6
P10 24 /0 Port 1 TOQHO01/TIQ01/TOQO1
P11 23 7-bit /O port o S TIQ02/TOQ02

Input data read/output data write is enabled in 1-bit units.
P12 22 Use of an on-chip pull-up resistor can be specified in 1-bit TOQH02/TIQ03/TOQO3
P13 21 units (the on-chip pull-up resistor can be connected only in TIQ00
P14 50 the input mode of the port mode, when the alternate function TOQHO/EVTQO

of the pin is used in the input mode, and when TOP21 and
P16 19 TOQHO01 to TOQHO3 pins, which function as output pins TOQOO0 (CLMER)"*/TIP20
(CLMER)™™* when their alternate function is used, go into a high-
P17 18 impedance state). TOP21/TIP21

Note The CLMER signal is enabled only when P16 is specified as an output port or the output function of
TOQO0. When an error (oscillator stop) is detected by the clock monitor, a low level is forcibly output.
Low-level output is released by reset signal. For details, see Table 4-5 Alternate-Function Pins of Port

1.
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CHAPTER 2 PIN FUNCTIONS

(2/2)
Pin Name Pin No. I} Function Alternate Function
P20 54 I/0 Port 2 TOQ1T1
P21 53 8-bit I/O port TOQ1B1
Input data read/output data write is enabled in 1-bit units.
P22 52 Use of an on-chip pull-up resistor can be specified in 1-bit ToQ1T2
P23 51 units (the on-chip pull-up resistor can be connected only in TOQ1B2
Poa 50 the input mode of the port mode, or when TOQ1T1 to T0Q1T3
TOQ1T3 and TOQ1B1 to TOQ1B3 and TOP31 pins, which
P25 49 function as output pins when their alternate function is used, | TOQ1B3
P26 46 go into a high-impedance state). TOQ10
P27 45 TOP31
P30 44 I/0 Port 3 RXDAO
P31 43 4-bit I/0 port TXDAO
Input data read/output data write is enabled in 1-bit units.
P32 42 Use of an on-chip pull-up resistor can be specified in 1-bit RXDA1
P33 41 units (the on-chip pull-up resistor can be connected only in TXDA1
the input mode of the port mode and when the alternate
function of the pin is used in the input mode).
P40 40 I/0 Port 4 SIBO
P41 39 5-bit I/ port SOBO
Input data read/output data write is enabled in 1-bit units.
P42 38 Use of on-chip pull-up resistor can be specified in 1-bit units | SCKBO
P43 37 (the on-chip pull-up resistor can be connected only in the TOPOO/TIPOO
baa 6 input mode of the port mode, including the case where the TOPO1/TIPO1
SCKBQO pin in the slave mode, and when the alternate
function of the pin is used in the input mode).
PDLO 35 I/0 Port DL -
PDL1 34 8-bit 1/0 port _
Input data read/output data write is enabled in 1-bit units.

PDL2 33 An on-chip pull-up resistor can be specified in 1-bit units ~
PDL3 32 (the on-chip pull-up resistor can be connected when the _
pins are in the port mode and input mode).

PDL4 31 -

PDL5 30 FLMD1"*"®
PDL6 29 -
PDL7 28 -
Note PD70F3329 only
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(2) Non-port pins

(1/2)

Pin Name Pin No. I/0 Function Alternate Function
ADTRGO 13 Input External trigger input for A/D converters 0, 1 INTP4/P04
ADTRG1 12 Input INTP5/P05
ANIOO 1 Input Analog input to A/D converters 0, 1 -
ANIO1 2 Input -
ANI02 3 Input -
ANIO3 4 Input -
ANI10 58 Input -
ANI11 57 Input -
ANI12 56 Input -
ANI13 55 Input -
AVbpo 63 - Positive power supply for A/D converters 0, 1 (same -
AVoo!1 60 _ potential as Voo) _
AVRero 64 - Reference voltage input for A/D converters 0, 1 (same -
AVrer: 59 B potential as AVooo and AVob1) B
AVsso 62 - Ground potential for A/D converters 0, 1 (same potential -
AVssi 61 - as Vss) -
EVoo 26, 47 - Positive power supply for external pin -
EVss 27,48 - Ground potential for external pin -
EVTQO 20 Input External event count input of TMQO TOQHO03/P14
FLMDO 25 Input Pin for setting flash memory programming mode -
FLMD1 30 input | («PD70F3329 only) PDL5
IC 25 - Internal connection pin (#PD703327, 703329 only) -
INTPO 17 Input External maskable interrupt request input TOQHOOFF/P00
INTP1 16 TOQ10OFF/PO1
INTP2 15 TOP20OFF/P02
INTP3 14 TOP3OFF/P03
INTP4 13 ADTRGO0/P04
INTP5 12 ADTRG1/P05
INTP6 11 P06
REGC 10 - Regulator output stabilization capacitance connection -
RESET 5 Input System reset input -
RXDAO 44 Input Serial receive data input of UARTAO, UARTA1 P30
RXDA1 42 P32
SCKBO 38 110 Serial clock I/0 of CSIBO P42
SIBO 40 Input Serial receive data input of CSIBO P40
SOBO 39 Qutput | Serial transmit data output of CSIBO P41
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(2/2)

Pin Name Pin No. I/0 Function Alternate Function

TIPOO 37 Input External event count input/external trigger input/capture TOPO00/P43
trigger input of TMPO
TIPO1 36 Capture trigger input of TMPO TOPO01/P44
TIP20 19 External event count input/external trigger input/capture TOQO0 (CLMER)"™*/
trigger input of TMP2 P16 (CLMER)"*

TIP21 18 Capture trigger input of TMP2 TOP21/P17
TIQO0 21 Input External capture trigger input of TMQO P13
TIQO1 24 TOQHO01/TOQO01/P10
TIQ02 23 TOQO02/P11
TIQO3 22 TOQH02/TOQO03/P12
TOPOO 37 Output | Pulse signal output of TMPO, TMP2 TIPOO/P43
TOPO1 36 TIPO1/P44
TOP21 18 TIP21/P17
TOP20OFF 15 Input High-impedance output control signal input INTP2/P02
TOP31 45 Output | Pulse signal output of TMP3 P27
TOP3OFF 14 Input High-impedance output control signal input INTP3/P0O3
TOQO0 (CLMER)"* 19 Output | Pulse signal output of TMQO TIP20/P16 (CLMER)"*
TOQO1 24 TOQHO01/TIQ01/P10
TOQ02 23 TIQ02/P11
TOQO03 22 TOQHO02/TIQ03/P12
TOQ10 46 Output | Pulse signal output of TMQ1 P26
TOQ1B1 53 Output | Pulse signal output for 6-phase PWM P21
TOQ1B2 51 P23
TOQ1B3 49 P25
TOQ10OFF 16 Input High-impedance output control signal input INTP1/PO1
TOQ1T1 54 Output | Pulse signal output for 6-phase PWM P20
TOQ1T2 52 P22
TOQ1T3 50 P24
TOQHO1 24 Output | High-impedance output by TMQO pulse signal output and | TIQ01/TOQ01/P10
TOQHO02 29 valid edge of TOQHOOFF pin input TIQO3/TOQO3/P12
TOQHO03 20 EVTQO/P14
TOQHOOFF 17 Input High-impedance output control signal input INTPO/POO
TXDAO 43 Output | Serial transmit data output of UARTAO, UARTAA1 P31
TXDA1 41 P33
Vop 9 - Positive power supply for internal unit -
Vss 8 - Ground potential for internal unit -
X1 6 Input Pins for connecting resonator for system clock -
X2 7 - -

Note The CLMER signal is enabled only when P16 is specified as an output port or the output function of
TOQO00. When an error (oscillator stop) is detected by the clock monitor, a low level is forcibly output.
Low-level output is released by reset signal. For details, see Table 4-5 Alternate-Function Pins of Port
1.
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2.2 Pin I/0 Circuits and Recommended Connection of Unused Pins

(1/2)
Pin Name Alternate-Function Pin Name Pin No. I/O Circuit Recommended Connection
Type
P00 INTPO/TOQHOOFF 17 8-P Input:  Independently connect to EVop or
PO1 INTP1/TOQ10OFF 16 EVss via a resistor.
P02 INTP2/TOP20FF 15 Output: Leave open.
P03 INTP3/TOP30OFF 14
P04 INTP4/ADTRGO 13
P05 INTP5/ADTRG1 12
P06 INTP6 1
P10 TOQHO01/TIQ01/TOQO1 24
P11 TIQ02/TOQ02 23
P12 TOQHO02/TIQ03/TOQ03 22
P13 TIQO0 21
P14 TOQHO3/EVTQO 20
P16 (CLMER)"™ | TOQO0 (CLMER)""/TIP20 19
P17 TOP21/TIP21 18
P20 TOQ1T1 54 5-AG
P21 TOQ1B1 53
p22 TOQ1T2 52
P23 TOQ1B2 51
P24 TOQ1T3 50
P25 TOQ1B3 49
P26 TOQ10 46
P27 TOP31 45
P30 RXDAO 44 8-P
P31 TXDAO 43 5-AG
P32 RXDA1 42 8-P
P33 TXDAT1 41 5-AG
P40 SIBO 40 8-P
P41 SOBO 39 5-AG
P42 SCKBO 38 8-P
P43 TOPOO/TIPOO 37
P44 TOPO1/TIPO1 36

Note The CLMER signal is enabled only when P16 is specified as an output port or the output function of
TOQO00. When an error (oscillator stop) is detected by the clock monitor, a low level is forcibly output.
Low-level output is released by reset signal. For details, see Table 4-5 Alternate-Function Pins of Port

1.
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(2/2)
Pin Name Alternate-Function Pin Name Pin No. I/0 Circuit Recommended Connection
Type
PDLO - 35 5-AG Input:  Independently connect to
PDLA B 34 Output E;/;\?eo; :;s.s via a resistor.
PDL2 - 33
PDL3 - 32
PDL4 - 31
PDL5 FLMD1"*" 30
PDL6 - 29
PDL7 - 28
ANIOO - 1 7 Independently connect to AVooo,
ANIO1 B > AVbp1, AVsso, or AVss1 via a resistor.
ANIO2 - 3
ANIO3 - 4
ANI10 - 58
ANI11 - 57
ANI12 - 56
ANI13 - 55
RESET - 5 2 -
FLMDQ"*"/IC""* - 25 -

Notes 1. 4PD70F3329 only
2. uPD703327, 703329 only

28
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CHAPTER 2 PIN FUNCTIONS

2.3 Pin I/0 Circuits

Type 2 Type 7

Comparator

AVsso, AVssi 7]/;

Schmitt-triggered input with hysteresis characteristics

VRer
(Threshold voltage)
Type 5-AG EVoo Type 8-P EVob
Pull-up | Pull-up
enable >0 | P-ch enable DO H P-ch
EVop
Data — ’:Da—l P-ch Data 4‘,:D3_|
IN/OUT
OIN/OUT
Output N-ch
disable Output
EVss| disable
Input j RESET
enable

Input enable
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CHAPTER 3 CPU FUNCTION

The CPU of the VB50ES/IK1 is based on the RISC architecture and executes most instructions in one clock cycle
by using 5-stage pipeline control.

3.1 Features

O  Minimum instruction execution time: 31.25 ns
(@ 32 MHz operation: 4.5 to 5.5V (when using A/D converter),
3.5t0 5.5 V (when not using A/D converter))
Memory space Program (physical address) space: 64 MB linear

(@)

Data (logical address) space: 4 GB linear
General-purpose registers: 32 bits x 32
Internal 32-bit architecture
5-stage pipeline control
Multiply/divide instructions
Saturated operation instructions
32-bit shift instruction: 1 clock
Load/store instruction with long/short format

O O0OO0OO0OO0OO0OO0OO0

Four types of bit manipulation instructions
e SET1
e CLR1
e NOTH1
e TSTH
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CHAPTER 3 CPU FUNCTION

3.2 CPU Register Set

The CPU registers of the V850ES/IK1 can be classified into two categories: a general-purpose program register set
and a dedicated system register set. All the registers have 32-bit width.
For details, refer to the VB50ES Architecture User’s Manual.

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

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

r (Assembler-reserved register) EIPSW (Interrupt status saving register)
r2

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

r4 (Global pointer (GP)) FEPSW
r5 (Text pointer (TP))
ré |
r7

(NMI status saving register)

ECR (Interrupt source register) |

r8 |
r9

r10
ri1
r12

r13
14 DBPC (Exception/debug trap status saving register)

PSW (Program status word) |

CTPC (CALLT execution status saving register)
CTPSW  (CALLT execution status saving register)

15 DBPSW  (Exception/debug trap status saving register)

r16
17 CTBP (CALLT base pointer) |
r18

r19

r20

r21

r22

r23

r24

r25

r26

r27

r28

r29

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

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, rO to r31, are available. All 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 always holds 0 and is used for operations that use 0 and offset 0 addressing. r30 is used as a
base pointer when performing memory access with the SLD and SST instructions.

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, and they must be restored to the registers
after the registers have been used. There are cases when r2 is used by the real-time OS. If r2 is not used by
the real-time OS, r2 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
r2 Address/data variable register (when r2 is not used by the real-time OS to be used)
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 (area for placing program code)
ré to r29 Address/data variable register
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 address of the instruction under 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 bit 26, it is ignored.
Bit 0 is fixed to 0, and branching to an odd address cannot be performed.

31 2625 10
I I B B I IO

. . After reset
PC Fixedto 0 Instruction address under execution

00000000H

o
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3.2.2 System register set
System registers control the status of the CPU and hold interrupt information.
Read from and write to system registers are performed by setting the system register numbers shown below with
the system register load/store instructions (LDSR, STSR instructions).

Table 3-2. System Register Numbers

System System Register Name Operand Specification Enabled
Register No. LDSR STSR
Instruction Instruction
0 Interrupt status saving register (EIPC)"™" Yes Yes
1 Interrupt status saving register (EIPSW)"*°" Yes Yes
2 NMI status saving register (FEPC) Yes Yes
3 NMI status saving register (FEPSW) Yes Yes
4 Interrupt source register (ECR) No Yes
5 Program status word (PSW) Yes Yes
610 15 Reserved numbers for future function expansion (The operation is not guaranteed No No
if accessed.)
16 CALLT execution status saving register (CTPC) Yes Yes
17 CALLT execution status saving register (CTPSW) Yes Yes
18 Exception/debug trap status saving register (DBPC) Yes"*°? Yes"*?
19 Exception/debug trap status saving register (DBPSW) Yes"*? Yes"°?
20 CALLT base pointer (CTBP) Yes Yes
21 to 31 Reserved numbers for future function expansion (The operation is not guaranteed No No
if accessed.)

Notes 1. Since only one set of these registers is available, the contents of this register must be saved by the

program when multiple interrupt servicing is enabled.
2. Can be accessed only after the DBTRAP instruction or illegal opcode is executed and before the DBRET

instruction is executed.

Caution Even if bit 0 of EIPC, FEPC, or CTPC is set (1) by the LDSR instruction, bit 0 is ignored during return
with the RETI instruction following interrupt servicing (because bit 0 of PC is fixed to 0). When
setting a value to EIPC, FEPC, and CTPC, set an even number (bit 0 = 0).
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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 14.9 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
L L L L L L L After reset
EIPC 0/0|0(0|0|0 (PC contents saved)
OxxxxxxxH
(x: Undefined)
31 8 7 0
T T T T 11
After reset
EIPSW 0|0|0(0|0|0|0|0|0O|0O|0|0|0|0O[|0O(0|0|0|0O|0|0|0|0|0|(PSW contents saved) 000000xxH

(x: Undefined)

34
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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.
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.

31 2625 0
L L P I L L After reset
FEPC olololololo (PC contents saved) 0xxxxxxxH
(x: Undefined)
T T 1 1 11
After reset
FEPSW o|jojo|0|0|O(0O|0O|O|O(0O|O|0O|O(0|0|0O|O|0|O|0|0|0]|O0O|(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
con 1 1 T 11 \FE\CC\ 1 1 T 11 1 1 T 11 \EIC\:C\ 1 1 T 11 After reset
00000000H
Bit position | Bit name Description
31t0 16 FECC Non-maskable interrupt (NMI) exception code
15t0 0 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 L
After reset
PSW RFU NP|EP|ID |SAT|CY|OV|S | Z 00000020H
Bit position | Flag name Description
31to8 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'e Indicates whether overflow occurred during an operation.
0: No overflow occurred
1: Overflow occurred.
1 S 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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2/2)

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
I B B O B B ) B B S B B B After reset
CTPC olololololo (PC contents saved) 0xxxXxxxxH
(x: Undefined)
T T 1 1 11
After reset
CTPSW o|0j0(0|0|0O|0O|0O|0O|0O|0O|0O|0|0O|0O|0|0|0|0|0|0|0O|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.
<R> 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 0
IR After reset
DBPC oj0jo|0|0]|0 (Saved PC contents)

OxxxxxxxH

(x: Undefined)
31 8 7 0

T T T T T 1
After reset
DBPSW o/0|j0|0|0|0|0O|O|O|O|O|O|0O|O|O|O(O|O|O|O(0|0|0O]|O0|(Saved PSW contents) 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.

\
| Aft t
CTBP olololololo (Base address) 10 OXXeXrX:(eXsXT_l

(x: Undefined)

38 User's Manual U16910EJ4V1UD



CHAPTER 3 CPU FUNCTION

3.3 Operating Modes

The V850ES/IK1 has the following operating modes.

(1) Normal operating mode

)

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

started.

Flash memory programming mode
This mode is valid only in the xPD70F3329.

When this mode is set, a program can be written to the internal flash memory by the flash memory

programmer.

(a) 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.

Fix the specifications of these pins in the application system, and do not change then during operation.

FLMDO FLMD1 Operating Mode
L X Normal operating mode
H L Flash memory programming mode
H H Setting prohibited
H: High level

L: Low level
x: Don’t care
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3.4 Address Space

3.4.1

CPU address space

For instruction addressing, the internal ROM area and internal RAM area are supported in a linear address space
(program space) of up to 64 MB. For operand addressing (data access), up to 4 GB of a linear address space (data

space) is supported. The 4 GB address space, however, is viewed as 64 images of a 64 MB physical address space.
This means that the same 64 MB physical address space is accessed regardless of the value of bits 31 to 26.

Figure 3-1. Address Space Image
Image 63 \
4GB Vo
&= . o \\
Data space
""" |on-chip peripheral /0 area
Program space T
Reserved area Image 1 Internal RAM area
Internal RAM area ‘\‘ '
Vo 64 MB
\ Access-prohibited area
o 64 MB \
Access-prohibited area Vo
Image 0 '
ul  Internal ROM area
Internal ROM area .
(external memory)
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3.4.2 Wraparound of CPU address space

(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.
Even if a carry or borrow occurs from bit 25 to bit 26 as a result of branch address calculation, the higher 6 bits
ignore this and remain 0.
Therefore, the upper-limit address of the program space, O03FFFFFFH, and the lower-limit address,
00000000H, are contiguous addresses, and the program space is wrapped around at the boundary of these
addresses.

Caution No instructions can be fetched from the 4 KB area of 03FFF000H to 03FFFFFFH because this
area is an on-chip peripheral /O area. Therefore, do not execute any branch operation
instructions in which the destination address 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 data space, FFFFFFFFH, and the lower-limit address, 00000000H,
are contiguous addresses, and the data space is wrapped around at the boundary of these addresses.

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

The V850ES/IK1 has reserved areas as shown below.

Figure 3-2. Data Memory Map (Physical Addresses)
3FFFFFFH On-chip peripheral I/O area 3FFFFFFH
(60 KE) (4 KB) 3FFFO00H
3FFEFFFH
8FECOOOH | |
3FEBFFFH |
5 Internal RAM area
! (60 KB)
\ 3FFO000H
3FEFFFFH
Access-prohibited area
1 3FEC000H

Access-prohibited area

ST 01FFFFFH
Access-prohibited area
o200000H | | 0100000H
01FFFFFH OOFFFFFH
2 MB) Internal ROM area
(1 MB)
ooooooOH | 4 0000000H
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Figure 3-3. Program Memory Map

03FFFFFFH

03FFFO00H
03FFEFFFH

3FF0000H
3FEFFFFH

00100000H
000FFFFFH

00000000H

Access-prohibited area
(program fetch disabled area)

Internal RAM area
(60 KB)

Access-prohibited area
(program fetch disabled area)

Internal ROM area
(1 MB)
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3.44 Areas

(1) Internal ROM area
An area of 1 MB from 0000000H to O0OFFFFFH is reserved for the internal ROM area.

(a) Internal ROM (128 KB)
A 128 KB area from 0000000H to 001FFFFH is provided in the £PD703329, 70F3329.

Addresses 0020000H to 0OFFFFFH are an access-prohibited area.

Figure 3-4. Internal ROM Area (128 KB)

OOFFFFFH
L Access-prohibited -
area
0020000H
001FFFFH
Internal ROM area
(128 KB)
0000000H

(b) Internal ROM (64 KB)
A 64 KB area from 000000H to 000FFFFH is provided in the xPD703327.
Addresses 0010000 to OOFFFFFH are an access-prohibited area.

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

OOFFFFFH
) Access-prohibited |
] area T
0010000H
FFFFH
000 Internal ROM area
(64 KB)
0000000H
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(2) Internal RAM area
An area of 60 KB maximum from 3FFO000H to 3FFEFFFH is reserved for the internal RAM area.

(a) Internal RAM (6 KB)

A 6 KB area from 3FFD800H to 3FFEFFFH is provided as physical internal RAM for the #/PD703329,
70F3329.

Addresses 3FFO000H to 3FFD7FFH are an access-prohibited area.

Figure 3-6. Internal RAM Area (6 KB)

Physical address space Logical address space
3FFEFFFH FFFEFFFH
Internal RAM (6 KB)
3FFD800H FFFD800OH
3FFD7FFH FFFD7FFH

[ (
)]

~ Access-prohibited area 5

3FF0000H FFFOOOOH

(b) Internal RAM area (4 KB)

A 4 KB area from 3FFEOOOH to 3FFEFFFH is provided as physical internal RAM in the 4/PD703327.
Addresses 3FFO000H to 3FFDFFFH are an access-prohibited area.

Figure 3-7. Internal RAM Area (4 KB)

Physical address space Logical address space
3FFEFFFH FFFEFFFH
Internal RAM area (4 KB)
3FFEOOOH FFFEOOOH
3FFDFFFH FFFDFFFH

[ (
)]

~ Access-prohibited area 5

3FFO0000H FFFOO0OOH
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46

(c) Internal memory size switching register (IMS)
The IMS register is used to make the internal RAM areas of the 4PD70F3329 identical to those of the
uPD703327 when the operation of a program for the internal 4 KB RAM of the #/PD703327 is checked by
using the internal 6 KB RAM of the ¢PD70F3329.
This register is write-only, in 8-bit units.
Reset sets this register to O0H.

Cautions 1. Write the IMS register before the internal RAM is accessed. This register can be
written only once after reset has been released. If the 4 KB internal RAM is selected
and if addresses 3FFD800H to 3FFDFFFH are accessed, this register cannot be
written. When it is read, the CPU reads an undefined value.

2. Be sure to write 01H to the IMS register in the xPD70F3329 and 703329, or 00H in the
uPD703327. However, write 00H to the IMS register when checking operation of the
program for the xPD703327 (internal RAM: 4 KB) using the 4PD70F3329 (internal
RAM: 6 KB).

3. The sample startup routine supplied with the CA850 includes a code that clears the
internal RAM area to 0. Therefore, setting the IMS register is required before the
zero-clear routine is executed.

When using the sample startup routine, add instructions <2> to <5> shown in
[Description example] below immediately after the _ START label in the startup
routine.

“0x11” of instruction <2> is the set value of the VSWC register and “0x01” of
instruction <4> is the set value of the IMS register. Be sure to set a value to the IMS
register in accordance with the internal RAM size to be set (see Caution 2).

[Description example]

<1>_ START:
<2>mov 0ox11, ri3
<3>st.b ri3, VSWC

Add
<4>mov 0x01, ri2
<5>st.b riz, IMS

<6>mov #_tp_TEXT, tp

Remark When using a partner manufacturer’s tool, make the setting in accordance with the contents of
Cautions 1 to 3.
Moreover, describe as follows to define the IMS register.

#define IMS (*((volatile unsigned char *)OxfFFFfof0))
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After reset: 00H W Address: FFFFF9FOH

3 1 0
ms [ o | o | o | o | o | o [ o | Rawo |
RAMO Specification of internal RAM size

0 4 KB (3FFEOO0OH to 3FFEFFFH)
1 6 KB (3FFD800H to 3FFEFFFH)

(3) On-chip peripheral I/O area
A 4 KB area from 3FFFO00H to 3FFFFFFH is reserved as the on-chip peripheral I/O area.

Figure 3-8. On-Chip Peripheral /0O Area

Physical address space Logical address space

3FFFFFFH FFFFFFFH

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

3FFFOOOH FFFFOOOH

On-chip peripheral I/O registers assigned with functions such as on-chip peripheral I/O operation mode
specification and state monitoring are mapped to the on-chip peripheral I/O area. Program fetches are not
allowed in this area.

Cautions 1. If word access of a register is attempted, halfword access to the word area is performed
twice, first for the lower bits, then for the higher bits, ignoring the lower 2 address bits.

2. If a register that can be accessed in byte units is accessed in halfword units, the higher 8
bits become undefined if the access is a read operation. If a write access is performed,
only the data in the lower 8 bits is written to the register.

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

User's Manual U16910EJ4V1UD 47



CHAPTER 3 CPU FUNCTION

3.4.5 Recommended use of address space

The architecture of the V850ES/IK1 requires that a register that serves as a pointer be secured for address
generation when operand data in the data space is accessed. The +32 KB area of addresses stored in this pointer
can be directly accessed by an instruction for operand data. Because the number of general-purpose registers that
can be used as a pointer is limited, however, by keeping the performance from dropping during address calculation
when a pointer value is changed, as many general-purpose registers as possible can be secured for variables, and
the program size can be reduced.

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

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

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

Caution When a branch instruction is positioned at the upper limit of the internal RAM area, a
prefetch operation (invalid fetch) that will be located in the on-chip peripheral I/O area is not

generated.
RAM Size Access Address
4 KB 3FFEO000OH to 3FFEFFFH
6 KB 3FFD800H to 3FFEFFFH

(2) Data space
With the V850ES/IK1 it seems that there are sixty-four 64 MB address spaces on the 4 GB CPU address

space. Therefore, the least significant bit (bit 25) of a 26-bit address is sign-extended to 32 bits and allocated
as an address.
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(a) Application example of wraparound
If R = r0 (zero register) is specified for the LD/ST disp16 [R] instruction, a range of addresses 00000000H
+32 KB can be addressed by sign-extended disp16. All the resources, including the internal hardware,
can be addressed by one pointer.
The zero register (r0) is a register fixed to 0 by hardware, and practically eliminates the need for registers
dedicated to pointers.

Example: #PD70F3329

0001FFFFH
00007FFFH f-----------------
Internal ROM area 32 KB
R=
( ) 00000000H On-chip peripheral
FFFFFO000H /O area 4KB
FFFFEFFFH Internal RAM 6 KB
FFFFD80OH area
FFFFD7FFH
22 KB

Access-prohibited
area

FFFFB000H f----------------- —
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Figure 3-9. Recommended Memory Map

Program space
64 MB

Program space

Data space

FFFFFFFFH

FFFFFO0OH
FFFFEFFFH

FFFFO000H
FFFEFFFFH

04000000H |

)]
{(

N

03FFFFFFH

03FFFOO00OH

On-chip
peripheral 1/ONot

03FFEFFFH

03FFD800H
03FFD7FFH
03FF0000H

Internal RAM

03FEFFFFH

00100000H

Access-prohibited

On-chip
peripheral I/0O

Internal RAM

M

000FFFFFH
00020000H
0001FFFFH

00000000H

# Internal ROM

BE “‘Internal ROM

Remarks 1. #indicates the recommended area.

2. This figure is the recommended memory map of the xPD70F3329.

On-chip
peripheral I/O

Internal RAM

Access-prohibited

Internal ROM

xFFFFFFFH

xFFFFO00H
xFFFEFFFH

xFFFD800H
xFFFD7FFH
xFFFO000H
xFFEFFFFH

x0100000H
X00FFFFFH

x0000000H

Note Access to this area is prohibited. To access the on-chip peripheral I/O in this area, specify addresses
FFFFOOOH to FFFFFFFH.
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3.4.6 On-chip peripheral I/O registers

(1/6)
Address Function Register Name Symbol R/W | Bit Units for Manipulation| After Reset
1 8 16
FFFFFO04H Port DL register L PDLL R/W v v Undefined
FFFFF024H Port DL mode register L PMDL v v FFH
FFFFFO6EH System wait control register VSWC v 77H
FFFFF100H Internal mask register 0 IMRO \ FFFFH
FFFFF100H | Interrupt mask register OL IMROL v v FFH
FFFFF101H | Interrupt mask register OH IMROH v v FFH
FFFFF102H Interrupt mask register 1 IMR1 \ FFFFH
FFFFF102H | Interrupt mask register 1L IMR1L v v FFH
FFFFF103H | Interrupt mask register 1H IMR1H v v FFH
FFFFF104H Interrupt mask register 2 IMR2 J FFFFH
FFFFF104H | Interrupt mask register 2L IMR2L v V FFH
FFFFF105H | Interrupt mask register 2H IMR2H v v FFH
FFFFF106H Interrupt mask register 3 IMR3 \ FFFFH
FFFFF106H | Interrupt mask register 3L IMR3L v v FFH
FFFFF107H | Interrupt mask register 3H IMR3H v v FFH
FFFFF110H Interrupt control register PICO v v 47H
FFFFF112H Interrupt control register PIC1 v v 47H
FFFFF114H Interrupt control register PIC2 v v 47H
FFFFF116H Interrupt control register PIC3 v v 47H
FFFFF118H Interrupt control register PIC4 v v 47H
FFFFF11AH Interrupt control register PIC5 v v 47H
FFFFF11CH Interrupt control register PIC6 v v 47H
FFFFF11EH Interrupt control register LvIIC v v 47H
FFFFF124H Interrupt control register TQOOVIC v v 47H
FFFFF126H Interrupt control register TQOCCICO v v 47H
FFFFF128H Interrupt control register TQOCCIC1 v v 47H
FFFFF12AH Interrupt control register TQOCCIC2 v v 47H
FFFFF12CH Interrupt control register TQOCCIC3 v v 47H
FFFFF12EH Interrupt control register TQ10VIC y y 47H
FFFFF130H Interrupt control register TQ1CCICO v v 47H
FFFFF132H Interrupt control register TQ1iCCIC1 v v 47H
FFFFF134H Interrupt control register TQiccCICc2 v v 47H
FFFFF136H Interrupt control register TQ1CCIC3 v v 47H
FFFFF148H Interrupt control register TPOOVIC v v 47H
FFFFF14AH | Interrupt control register TPOCCICO v V 47H
FFFFF14CH Interrupt control register TPOCCIC1 v v 47H
FFFFF14EH | Interrupt control register TP10VIC v V 47H
FFFFF150H Interrupt control register TP1CCICO v v 47H
FFFFF152H Interrupt control register TP1CCIC1 v v 47H
FFFFF154H Interrupt control register TP20VIC v v 47H
FFFFF156H Interrupt control register TP2CCICO v v 47H
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(2/6)
Address Function Register Name Symbol R/W | Bit Units for Manipulation| After Reset
1 8 16
FFFFF158H Interrupt control register TP2CCICH R/W y y 47H
FFFFF15AH Interrupt control register TP30VIC v v 47H
FFFFF15CH Interrupt control register TP3CCICO v N 47H
FFFFF15EH Interrupt control register TP3CCIC1 N N 47H
FFFFF168H Interrupt control register UAOREIC v v 47H
FFFFF16AH Interrupt control register UAORIC N N 47H
FFFFF16CH Interrupt control register UAOTIC N N 47H
FFFFF16EH Interrupt control register CBOREIC v v 47H
FFFFF170H Interrupt control register CBORIC y y 47H
FFFFF172H Interrupt control register CBOTIC v v 47H
FFFFF174H Interrupt control register UA1REIC v v 47H
FFFFF176H Interrupt control register UA1RIC N N 47H
FFFFF178H Interrupt control register UAI1TIC v v 47H
FFFFF180H Interrupt control register ADOIC N N 47H
FFFFF182H Interrupt control register AD1IC N N 47H
FFFFF186H Interrupt control register TMOEQICO v v 47H
FFFFF1FAH In-service priority register ISPR R N N 00H
FFFFF1FCH Command register PRCMD w v Undefined
FFFFF1FEH Power save control register PSC R/W v v 00H
FFFFF200H A/D converter 0 mode register 0 ADAOMO N N O0H
FFFFF201H A/D converter 0 mode register 1 ADAOM1 v v 00H
FFFFF202H A/D converter 0 channel specification register | ADAOS N N 00H
FFFFF203H A/D converter 0 mode register 2 ADAOM2 N N O0H
FFFFF210H A/DO conversion result register 0 ADAOCRO R v Undefined
‘ FFFFF211H | A/DO conversion result register OH ADAOCROH y Undefined
FFFFF212H A/DO conversion result register 1 ADAOCR1 v Undefined
‘ FFFFF213H | A/DO conversion result register 1H ADAOCR1H v Undefined
FFFFF214H A/DO conversion result register 2 ADAOCR2 N Undefined
‘ FFFFF215H | A/DO conversion result register 2H ADAOCR2H v Undefined
FFFFF216H A/DO conversion result register 3 ADAOCRS3 y Undefined
‘ FFFFF217H | A/DO conversion result register 3H ADAOCRS3H N Undefined
FFFFF220H A/D converter 1 mode register 0 ADA1MO R/W v v 00H
FFFFF221H A/D converter 1 mode register 1 ADATM1 N N O0H
FFFFF222H A/D converter 1 channel specification register | ADA1S v v O00H
FFFFF223H A/D converter 1 mode register 2 ADA1M2 N N O0H
FFFFF230H A/D1 conversion result register 0 ADA1CRO R y Undefined
‘ FFFFF231H | A/D1 conversion result register OH ADA1CROH v Undefined
FFFFF232H A/D1 conversion result register 1 ADA1CR1 y Undefined
‘ FFFFF233H | A/D1 conversion result register 1H ADA1CR1H v Undefined
FFFFF234H A/D1 conversion result register 2 ADA1CR2 v Undefined
‘ FFFFF235H | A/D1 conversion result register 2H ADA1CR2H v Undefined
FFFFF236H A/D1 conversion result register 3 ADA1CR3 N Undefined
‘ FFFFF237H | A/D1 conversion result register 3H ADA1CR3H v Undefined
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(3/6)
Address Function Register Name Symbol R/W | Bit Units for Manipulation | After Reset
8 16
FFFFF310H External interrupt noise elimination control INTPNRC RW \/ \/ O0H
register

FFFFF400H Port 0 register PO \/ \/ Undefined
FFFFF402H Port 1 register P1 «/ «/ Undefined
FFFFF404H Port 2 register P2 N N Undefined
FFFFF406H Port 3 register P3 v v Undefined
FFFFF408H Port 4 register P4 N N Undefined
FFFFF420H Port 0 mode register PMO S S FFH
FFFFF422H Port 1 mode register PM1 S \/ FFH
FFFFF424H Port 2 mode register PM2 \/ \ FFH
FFFFF426H Port 3 mode register PM3 \/ \/ FFH
FFFFF428H Port 4 mode register PM4 J J FFH
FFFFF440H Port 0 mode control register PMCO \/ \/ 00H
FFFFF442H Port 1 mode control register PMCH1 J J 00H
FFFFF444H Port 2 mode control register PMC2 \/ \ 00H
FFFFF446H Port 3 mode control register PMC3 «/ «/ O0H
FFFFF448H Port 4 mode control register PMC4 \/ \ 00H
FFFFF462H Port 1 function control register PFC1 S \/ 00H
FFFFF466H Port 3 function control register PFC3 J J 00H
FFFFF468H Port 4 function control register PFC4 S \/ 00H
FFFFF540H TMMO control register 0 TMOCTLO «/ «/ 00H
FFFFF544H TMMO compare register O TMOCMPO \ 0000H
FFFFF5COH TMQO control register 0 TQOCTLO v v 00H
FFFFF5C1H | TMQO control register 1 TQOCTLA «/ «/ 00H
FFFFF5C2H TMQO I/O control register 0 TQOIOCO \/ \ 00H
FFFFF5C3H TMQO /O control register 1 TQOIOC1 v v 00H
FFFFF5C4H | TMQO I/O control register 2 TQOIOC2 J J 00H
FFFFF5C5H TMQO option register 0 TQOOPTO \/ \ 00H
FFFFF5C6H TMQO capture/compare register 0 TQOCCRO S 0000H
FFFFF5C8H TMQO capture/compare register 1 TQOCCR1 \ 0000H
FFFFF5CAH TMQO capture/compare register 2 TQOCCR2 S 0000H
FFFFF5CCH TMQO capture/compare register 3 TQOCCR3 S 0000H
FFFFF5CEH TMQO counter read buffer register TQOCNT R \ 0000H
FFFFF5FOH High-impedance output control register 00 HZAOCTLO | R/W \/ \/ 00H
FFFFF5F1H High-impedance output control register 01 HZAOCTLA \/ \ O00H
FFFFF600H TMQ1 control register 0 TQ1CTLO v v 00H
FFFFF601H TMQ1 control register 1 TQ1CTL1 J J 00H
FFFFF602H TMQ1 1/O control register 0 TQ110CO v v 00H
FFFFF605H TMQ1 option register 0 TQ10PTO «/ «/ 00H
FFFFF606H TMQ1 capture/compare register 0 TQ1CCRO \ 0000H
FFFFF608H TMQ1 capture/compare register 1 TQ1CCR1 S 0000H
FFFFF60AH TMQ1 capture/compare register 2 TQ1CCR2 S 0000H
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(4/6)
Address Function Register Name Symbol R/W | Bit Units for Manipulation | After Reset
1 8 16
FFFFF60CH TMQ1 capture/compare register 3 TQ1CCRS3 R/W S 0000H
FFFFF60EH TMQ1 counter read buffer register TQ1CNT R J 0000H
FFFFF620H TMQ1 option register 1 TQ10PT1 R/W \ \ 00H
FFFFF621H | TMQ1 option register 2 TQ10OPT2 J J 00H
FFFFF622H TMQ1 I/O control register 3 TQ1I0C3 \ \ A8H
FFFFF623H TMQ1 option register 3 TQ10PT3 S \ O0H
FFFFF624H TMQ1 dead-time compare register TQ1DTC \ 0000H
FFFFF630H High-impedance output control register 10 HZA1CTLO S \ O0H
FFFFF631H High-impedance output control register 11 HZA1CTLA \ \ 00H
FFFFF640H TMPO control register 0 TPOCTLO \ \ 00H
FFFFF641H | TMPO control register 1 TPOCTLA1 J J 00H
FFFFF642H TMPO 1/O control register 0 TPOIOCO \ \ OO0H
FFFFF643H TMPO I/O control register 1 TPOIOCH \ \ 00H
FFFFF644H TMPO I/O control register 2 TPOIOC2 \ \ OO0H
FFFFF645H TMPO option register 0 TPOOPTO S \ 00H
FFFFF646H TMPO capture/compare register O TPOCCRO \ 0000H
FFFFF648H TMPO capture/compare register 1 TPOCCR1 S 0000H
FFFFF64AH TMPO counter read buffer register TPOCNT R S 0000H
FFFFF660H TMP1 control register 0 TP1CTLO R/W \ \ 00H
FFFFF661H TMP1 control register 1 TP1CTLA \ \ OO0H
FFFFF665H TMP1 option register 0 TP10OPTO S \ O0H
FFFFF666H TMP1 capture/compare register O TP1CCRO \ 0000H
FFFFF668H TMP1 capture/compare register 1 TP1CCR1 S 0000H
FFFFF66AH TMP1 counter read buffer register TP1CNT R \ 0000H
FFFFF680H TMP2 control register 0 TP2CTLO R/W \ \ 00H
FFFFF681H TMP2 control register 1 TP2CTLA \ \ 00H
FFFFF682H | TMP2 /O control register 0 TP210C0 J J 00H
FFFFF683H TMP2 1/O control register 1 TP2I0C1 \ \ OO0H
FFFFF684H | TMP2 I/O control register 2 TP210C2 J J 00H
FFFFF685H | TMP2 option register 0 TP20PTO J J 00H
FFFFF686H TMP2 capture/compare register 0 TP2CCRO S 0000H
FFFFF688H TMP2 capture/compare register 1 TP2CCR1 S 0000H
FFFFF68AH TMP2 counter read buffer register TP2CNT R \ 0000H
FFFFF6AOH TMP3 control register 0 TP3CTLO R/W \ \ 00H
FFFFF6ATH | TMP3 control register 1 TP3CTLA1 J J 00H
FFFFF6A2H TMP3 1/O control register 0 TP3I0CO \ \ OO0H
FFFFF6A5H TMP3 option register 0 TP30OPTO S S 00H
FFFFF6A6H TMP3 capture/compare register O TP3CCRO \ 0000H
FFFFF6A8H TMP3 capture/compare register 1 TP3CCR1 S 0000H
FFFFF6AAH TMP3 counter read buffer register TP3CNT R \ 0000H
FFFFF6COH Oscillation stabilization time select register OSTS R/W \ 06H
FFFFF6DOH Watchdog timer mode register WDTM \ 67H
FFFFF6D1H Watchdog timer enable register WDTE \ 1AH
FFFFF702H Port 1 function control expansion register PFCE1 \ \ OO0H
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(5/6)
Address Function Register Name Symbol R/W | Bit Units for Manipulation | After Reset
1 8 16 | 32
FFFFF802H System status register SYS RW | \/ 00H
FFFFF820H Power save mode register PSMR N d O0H
FFFFF822H Clock control register CKC \/ 0AH
FFFFF828H Processor clock control register PCC \ \/ 03H
FFFFF82CH PLL control register PLLCTL \ \/ 01H
FFFFF840H Correction address register 0 CORADO v | 00000000H
FFFFF840H | Correction address register OL CORADOL \ 0000H
FFFFF842H | Correction address register OH CORADOH \ 0000H
FFFFF844H Correction address register 1 CORAD1 \' | 00000000H
FFFFF844H | Correction address register 1L CORAD1L \ 0000H
FFFFF846H | Correction address register 1H CORAD1H S 0000H
FFFFF848H Correction address register 2 CORAD2 \' | 00000000H
FFFFF848H | Correction address register 2L CORAD2L \ 0000H
FFFFF84AH | Correction address register 2H CORAD2H \ 0000H
FFFFF84CH Correction address register 3 CORAD3 v | 00000000H
FFFFF84CH | Correction address register 3L CORAD3L \ 0000H
FFFFF84EH | Correction address register 3H CORAD3H \ 0000H
FFFFF870H Clock monitor mode register CLM N d O0H
FFFFF880H Correction control register CORCN S \ 00H
FFFFF888H Reset source flag register RESF \ 00H/10H/11H
FFFFF890H | Low-voltage detection register LVIM N A 00H/82H
FFFFF891H Low-voltage detection level select register LVIS \/ 00H
FFFFF892H | Internal RAM data status register RAMS v A 01H
FFFFF8A8H Reset source flag register 2 RESF2 R J 00H/01H/
10H/11H
FFFFF8AAH System status register SYS2 R/W S \/ 00H
FFFFFOECH Command register 2 PRCMD2 W \/ Undefined
FFFFFOFOH Internal memory size switching register IMS \/ O00H
FFFFFAOQOH UARTAO control register 0 UAOCTLO R/W \ \/ 10H
FFFFFAO1H UARTAQO control register 1 UAOCTLA1 \/ 00H
FFFFFAO02H UARTAQO control register 2 UAOCTL2 N FFH
FFFFFAO3H UARTAO option control register 0 UAOOPTO \ \/ 14H
FFFFFAQ4H UARTAO status register UAOSTR \ «/ O0H
FFFFFAO6H UARTAQO receive data register UAORX R \/ FFH
FFFFFAO7H UARTAQO transmit data register UAOTX R/W \/ FFH
FFFFFA10H UARTAT1 control register O UA1CTLO N \/ 10H
FFFFFA11H UARTAT1 control register 1 UA1CTL1 \/ O0H
FFFFFA12H UARTAT1 control register 2 UA1CTL2 J FFH
FFFFFA13H UARTAT1 option control register 0 UA10PTO N \/ 14H
FFFFFA14H | UARTAT1 status register UA1STR v | A 00H
FFFFFA16H UARTAT receive data register UA1RX R \/ FFH
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(6/6)
Address Function Register Name Symbol R/W | Bit Units for Manipulation | After Reset
1 8 16
FFFFFA17H UARTAT1 transmit data register UA1ITX R/W FFH
FFFFFCOOH External interrupt falling edge specification INTFO \ \ 00H
register O
FFFFFC20H External interrupt rising edge specification INTRO \ \ 00H
register O
FFFFFC40H Pull-up resistor option register 0 PUO S \ 00H
FFFFFC42H Pull-up resistor option register 1 PU1 \ \ 00H
FFFFFC44H Pull-up resistor option register 2 PU2 \ \ OO0H
FFFFFC46H Pull-up resistor option register 3 PU3 S \ O0H
FFFFFC48H Pull-up resistor option register 4 PU4 \ S 00H
FFFFFDOOH CSIBO control register 0 CBOCTLO \ \ 01H
FFFFFDO1H | CSIBO control register 1 CBOCTL1 \ \ 00H
FFFFFDO2H CSIBO control register 2 CBOCTL2 \ 00H
FFFFFDO3H CSIBO status register CBOSTR S S OO0H
FFFFFDO4H CSIBO receive data register CBORX R \ 0000H
‘ FFFFFDO4H | CSIBO receive data register L CBORXL \ O00H
FFFFFDO6H CSIBO transmit data register CBOTX R/W \ 0000H
‘ FFFFFDO6H | CSIBO transmit data register L CBOTXL \ 00H
FFFFFF44H Pull-up resistor option register DLL PUDLL \ \ 00H
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3.4.7 Special registers
Special registers are registers that are protected from being written with illegal data due to a program hang-up.
The V850ES/IK1 has the following seven special registers divided into two types.

[Special registers subject to error report by SYS.PRERR bit]
e Power save control register (PSC)

e Clock control register (CKC)

e Processor clock control register (PCC)

¢ Clock monitor mode register (CLM)

¢ Reset source flag register (RESF)

Caution When writing to any of the above five special registers, use command register PRCMD
register.

[Special registers subject to error report by SYS.PRERR2 bit]
¢ Low-voltage detection register (LVIM)
¢ Internal RAM data status register (RAMS)

Caution When writing to either of the above two special registers, use command register PRCMD2
register.

In addition, a command register is provided to protect against a write access to the special registers so that the

application system does not inadvertently stop due to a program hang-up. A write access to the special registers is
made in a specific sequence, and an illegal store operation is reported to the system status register.
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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 r11, PSMR[rO] ; Set PSMR register (setting IDLE and STOP modes).
<1>MOV 0x02, ri10
<2>ST.B r10, PRCMD[r0] ; Write PRCMD register.
<3>ST.B r10, PSC[rO] ; Set PSC register.

<4>NOP"™*
<5>NOP"*
<6>NOP™*
<7>NOpP"™*
<8>NOP"*

; Dummy instruction
Dummy instruction

Dummy instruction
; Dummy instruction
; 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.

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 0, RESF[r0]
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(2) Command register

PRCMD is an 8-bit register that protects the registers that may seriously affect the application system from
being written, so that the system does not inadvertently stop due to a program hang-up. This register can be
used as PRCMD or PRCMD2 via a special register setting. The first write access to a special register is valid
after data has been written in advance to the command 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.

(a) Command register (PRCMD)

The PRCMD register is write-only, in 8-bit units (undefined data is read when this register is read).
Reset makes this register undefined.

<R> Caution After writing to the PRCMD register, writing to special registers PSC, CKC, PCC, CLM,
and RESF is enabled.
After reset: Undefined w Address: FFFFF1FCH
7 6 5 4 3 2 1 0
PRCMD | REG7 ‘ REG6 ‘ REG5 ‘ REG4 ‘ REG3 ‘ REG2 ‘ REG1 ‘ REGO |
(b) Command register 2 (PRCMD2)
The PRCMD2 register is write-only, in 8-bit units (undefined data is read when this register is read).
Reset makes this register undefined.
<R>

Caution After writing to the PRCMD2 register, writing to special registers LVIM and RAMS is
enabled.

After reset: Undefined w Address: FFFFFOECH

7 6 5 4 3 2 1 0
PRCMD2 | REG7 | REG6 | REG5 | REG4 | REG3 | REG2 | REG1 | REGO |
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(3) System status register
Status flags that indicate the operation status of the overall system are allocated to this register. This register
can be used as SYS or SYS2 via a special register setting.

(a) System status register (SYS)
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

4 3 2 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.

(b) System status register 2 (SYS2)
If this register is not written in the correct sequence including an access to the PRCMD?2 register, data is
not written to the intended register, a protection error occurs, and the PRERR2 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 O0H.

After reset: 00H R/W Address: FFFFFS8AAH

2 1 <0>
sys2e | o | o | o | o | o | o | o [PreRme|
PRERR2 Protection error detection
0 Protection error did not occur.
1 Protection error occurred.
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The operating conditions of the PRERR flag are shown below. For the operating conditions of the PRERR2
flag, read PRCMD and SYS as PRCMD2 and SYS2 in the following explanation.

(i) Set condition (PRERR flag = 1)
e When data is written to a special register without writing anything to the PRCMD register (when <3> is
executed without executing <2> in 3.4.7 (1) Setting data to special registers)
e When data is written to an on-chip peripheral I/O register other than a special register (including
execution of a bit manipulation instruction) after writing data to the PRCMD register (if <3> in 3.4.7 (1)
Setting data to special registers is not the setting of a special register)

Remark Even if an on-chip peripheral 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.

(ii) Clear condition (PRERR flag = 0)
o When 0 is written to the PRERR flag
e When the system is reset

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

2. If data is written to the PRCMD register, which is not a special register, immediately after
a write access to the PRCMD register, the PRERR bit is set to 1.
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3.4.8 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 I/O registers of the V850ES CPU core is basically made in 3 clocks; however, in the
VB850ES/IK1, a wait is required in addition to those 3 clocks. Set 11H (set wait for 2 clocks) to the VSWC register.
This register can be read or written in 8-bit units (address: FFFFFO6EH, initial value: 77H).

CPU Clock Frequency (fceu) VSWC Set Value

312.5 kHz < fepu < 32 MHz 11H

Caution When using the V850ES/IK1, the VSWC register must be set first.
Set other registers as needed after setting the VSWC register.

Remark When a register includes status flags that indicate the statuses of the on-chip peripheral functions
(register such as the STATUS1n register) or a register that indicates the count value of a timer 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.

3.4.9 Cautions
Use the processing in either (1) or (2) below to set the internal RAM size to 4 KB in products with flash memory.

(1) Compile using the DF703327 device file.

(2) Change the description of the address immediately after the SIDATA and DATA labels as follows.

[Description example]

SIDATA : ILOAD ?RW VOFffFfeO00 <« VOfffe000 is the internal RAM start address

DATA - 1LOAD ?RW VOFffelO0 <« VOfffe100 is the internal RAM start address + 100 addresses

Remark When using a partner manufacturer’s tool, define so that the area used by the internal RAM does not
exceed the range from FFFEOQOOH to FFFEFFFH in the file equivalent to the link directive file.
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4.1 Features

O I/O ports: 39

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 4 and DL only)
However, the on-chip pull-up resistor can be connected when a port is in the input port mode and when the
alternate-function pin of the port functions as an input pin. The on-chip pull-up resistor can be connected to the
TOP21, TOQ1T1 to TOQ1T3, TOQ1B1 to TOQ1B3, TOP31, and TOQHO01 to TOQHO3 pins, which function as
output pins when the alternate function of the corresponding port is used, when these pins go into a high-
impedance state because of processing of the TOP20FF, TOQ10FF, TOP30OFF, and TOQHOOFF pins or
software.

4.2 Basic Port Configuration

The V850ES/IK1 incorporates a total of 39 1/O ports labeled ports 0 to 4 and DL. The port configuration is shown
below.

Figure 4-1. Port Configuration

~—{ P00 P30 [«~—

Port 0 E E Port 3
- PO6 P33 P
~—7F—| P10 P40 [=~—

Port1 { = w| p1a E Port 4
B P44 [~
-— P20 PDLO [+—

Port 2 E E Port DL
— P27 PDL7 PR

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

Power Supply Corresponding Pins
AVopo, AVDp1 ANIOO to ANIO3, ANI10 to ANI13
EVop Ports 0 to 4, port DL, RESET

User's Manual U16910EJ4V1UD 63



CHAPTER 4 PORT FUNCTIONS

4.3 Port Configuration
Table 4-2. Port Configuration

ltem Configuration

Control registers Port n register (Pn: n =0 to 4, DLL)

Port n mode register (PMn: n =0 to 4, DLL)

Port n mode control register (PMCn: n =0 to 4)

Port n function control register (PFCn: n =1, 3, 4)
Port 1 function control expansion register (PFCE1)
Pull-up resistor option register (PUn: n =0 to 4, DLL)

Ports 1/0: 39

Pull-up resistor Software control: 39

(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 | Pn7 ‘ Pn6 ‘ Pn5 ‘ Pn4 ‘ Pn3 ‘ Pn2 ‘ Pn1 ‘ Pn0 |
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 4-3. 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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(2) Port n mode register (PMn)
The PMn register specifies the input or output mode of the corresponding port pin.
Each bit of this register corresponds to one pin of port n, and the input or output mode can be specified in 1-bit

units.

After reset: FFH R/W

7 6 5 4 3 2 1 0
PMn [ PMn7 | PMn6 | PMns | PMn4 | PMn3 | PMn2 | Pmnt | PMno |

PMnm Control of input/output mode

0 Output mode

1 Input mode

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

units.

After reset: 00H R/W

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

PMCnm Specification of operation 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 i 0
PFCn [ PFCn7 | PFCne | 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 | PFCENS | PFCEn4 | PFCENS | PFCEn2 | PFCEn1 | PFCENO |

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

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

(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: 0OH R/W

7 6 5 4 3 2 ! 0
PUn | pun7 | Pune | Puns | Pun4 | Pun | 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 4-2. Register Settings and Pin Functions

Port mode

Output mode
PMn register

Input mode

Alternate function
(when two alternate

functions are available) ng

Alternate function 1

PFCn register PMCn register

Alternate function

Alternate function

(when three or more alternate nq

functions are available)

Alternate function 1 (a)

Alternate function 2— | (b) PFCn register

PFCEnm | PFCnm

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

—|O[=|O

Alternate function 4 (d)

J

Caution To switch to external interrupt input (INTPn) 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 (INTPn), and then specify the valid edge
(n =0 to 6).

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

Remark Switch to the alternate function using the following procedure.

<1> Set the PFCn and PFCERn registers.
<2> Set the PMCn register.
<3> Set the INTRn/INTFn register (when external interrupt pin is set).

If the PFCn register is set before setting the PMCn and PFCEn registers, an unexpected peripheral
function may be selected while the PFCn and PFCERn registers are being set.
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4.3.1

Port 0

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

Port 0 has an alternate function as the following pins.

Table 4-4. Alternate-Function Pins of Port 0

Pin Name | Pin No. Alternate-Function Pin I/0 Pull-up™*’
POQ""* 17 INTPO/TOQHOOFF"** Input Provided
PO1""? 16 INTP1/TOQ10FF""* Input
po2"e? 15 INTP2/TOP20OFF"** Input
PO3"? 14 INTP3/TOP30OFF"** Input
PO4"e? 13 INTP4/ADTRGO""® Input
Po5"*°? 12 INTP5/ADTRG1""® Input
P06"** 11 INTP6 Input

Notes 1. Software pull-up function

2. These pins operate as Schmitt trigger inputs when they are read in the port mode.
3. The TOQHOOFF, TOQ10FF, TOP20FF, TOP30OFF, ADTRGO, and ADTRG1 signals are input to the

high-impedance output controller (see CHAPTER 9 MOTOR CONTROL FUNCTION) and A/D
converters 0 and 1 (see CHAPTER 11 A/D CONVERTERS 0 AND 1) after noise is eliminated by a
port (analog delay). In addition, a signal whose edge was detected is input to the interrupt controller
(INTC) as INTPn (n = 0 to 5). Edge detection is performed by the high-impedance output controller and

A/D converters 0 and 1.

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

68

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

2. To input an A/D trigger to A/D converter 0 or 1, be sure to set the PMCO0.PMCOn bit to 1 and

then specify the edge to be detected and enable the operation of A/D converter 0 or 1 because
the trigger may be input if a wrong valid edge is detected (n = 4, 5).

3. To switch to external interrupt input (INTPn) 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 (INTPn), and then specify the valid edge
(n =0 to 6).

When switching to the port mode from external interrupt input (INTPn) (PMCOn bit =1 — 0), an
edge may be detected. Be sure to disable edge detection (INTFOn bit = 0, INTROn bit = 0), and
then select the port mode.
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A noise elimination function is included as an alternate function of port 0.

Pon O—

Edge

PMCOn
bit

POom O——

Noise
elimination

Analog delay

detection

INTROn INTFON
bit bit

Y

Edge

PMCOm

P06 O—

Noise
elimination

Analog delay

detection

INTROM INTFOm
bit bit

Y

Edge

PMCO06
bit

Caution To control high-impedance output of the external interrupt function and motor output control
function, set the PMCOa bit to 1 (a = 0 to 6).

Remark n=0t03
m=4,5

Noise
elimination

Digital sampling
(specified by INTPNRC register)

detection

INTRO6 INTF06
bit bit

To INTC

To high-impedance
output controller

To INTC

To A/D converters 0, 1

To INTC
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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 | o | Pos | Pos | Po4 | Po3 | Po2 | Pot | Poo |
POn Control of output data (in output mode) (n = 0 to 6)
0 Output 0.
1 Qutput 1.

(b) Port 0 mode register (PMO)

After reset: FFH

R/W Address: FFFFF420H

6 5 4 3 2 1 0

PMO | 1

| Pmos | Pmos | Pmos | Pmos | Pmoz | Pmo1 | Pmoo |

PMOn

Control of input/output mode (in port mode) (n = 0 to 6)

Qutput mode

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

After reset: O0H RW Address: FFFFF440H

7 6 5 4 3 2 1 0
PMCo [ o | PMCOs | PMCO5 | PMCo4 | PMCO3 | PMCO2 | PMCOT | PMCOO |
PMCO06 Specification of operating mode of P06 pin
0 I/O port
1 INTP6 input
PMCO05 Specification of operating mode of P05 pin
0 1/O port

1 INTP5 input/ADTRGH1 input

PMCO04 Specification of operating mode of P04 pin
0 1/O port
1 INTP4 input/ADTRGO input

PMCO03 Specification of operating mode of P03 pin
0 1/0 port
1 INTP3 input/TOP3OFF input

PMCO02 Specification of operating mode of P02 pin
0 I/O port
1 INTP2 input/TOP20OFF input

PMCO1 Specification of operating mode of PO1 pin
0 I/O port
1 INTP1 input/TOQ1OFF input

PMCO00 Specification of operating mode of P00 pin
0 I/O port
1 INTPO input/ TOQHOOFF input

(d) Pull-up resistor option register 0 (PUO)

After reset: 00H R/W Address: FFFFFC40H

7 6 5 4 3 2 1 0
Poo | o | Puos | Puos | Puos | Puos | puoz | Puot | Puoo |
PUON Control of on-chip pull-up resistor connection (n = 0 to 6)
0 Do not connect
1 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 alternate function. The pull-up resistor cannot be connected when the pin is in
the output state.
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(2) Block diagrams

Figure 4-3. Block Diagram of P00 to P05 Pins

M\ WReu
PUO
WRinTR
INTRO
INTRON
WRinTE
INTFO
INTFOn
WRpmc
@ PMCO
o
© PMCOn
c
@
=
WRem
PMO
POO/INTPO/TOQHOOFF
WRonr PO h[ PO1/INTP1/TOQ10FF
P02/INTP2/TOP20FF
Pon VvV O PO3/INTP3/TOP30FF
P04/INTP4/ADTRGO
| P05/INTP5/ADTRGH1
| ]
= 3
3 E
[$]
k]
[0}
AV Address | @ |
|
y B RESET
RD
‘oa aliminat Analo
INTPO to INTP5 input ~———] 0 eliminaton noise.

Edge detection elimination

TOQHOOFF, TOQ10FF,
TOP20OFF, TOP3OFF,
ADTRGO, ADTRGH1 input

Remark n=0t0o5
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CHAPTER 4 PORT FUNCTIONS

Figure 4-4. Block Diagram of P06 Pin
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CHAPTER 4 PORT FUNCTIONS

43.2 Port1
Port 1 can be set to the input or output mode in 1-bit units.
Port 1 has an alternate function as the following pins.

Table 4-5. Alternate-Function Pins of Port 1

Pin Name Pin No. Alternate-Function Pin 1/0 Pull-Up"*’
pP1QMe? 24 TOQHO01/TIQ01/TOQO1 /0 Provided
P11e? 23 TIQ02/TOQ02 1/0
pi2tees 22 TOQH02/TIQ03/TOQ03 I/0
p13te? 21 TIQ00 Input
P1gte? 20 TOQHO3/EVTQO0 Input
P1g""* 19 TOQOO(CLMER)/TIP20 I/0
(CLMER)
pi7"e? 18 TOP21/TIP21 I/0

Notes 1. Software pull-up function
2. These pins operate as Schmitt trigger inputs when they are read in the port mode.

Cautions 1. When P10, P12, P14, and P17 are used as TOQH01 to TOQH03 and TOP21, output is stopped
when the following signals are asserted.

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

2. If P16 is set as an output port or the TOQO00 output function, when an error (oscillator stop) is
detected by the clock monitor, the CLMER signal (low level) is output from P16. If P16 is set
to as an input port or the TIP20 input function, the CLMER signal is not output. When the
CLMER signal is output, the CLMER signal output is held until reset signal is generated.
While the CLMER signal is active, the P16, PM16, PMC16, PFC16, and PU16 bits cannot be
written.
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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 | Ptz | Pt | o | Pta | P3| P2 | P11 | pPio |
P1in Control of output data (in output mode) (n=01to0 4, 6, 7)

0 Output 0.
1 Qutput 1.

(b) Port 1 mode register (PM1)

After reset: FFH R/W Address: FFFFF422H

7 6 5 4 3 2 1 0
PM1 | PM17 | Pmte | 1 | Pm1a | Pm13 | Pmi2 | PMi1 | PM10 |
PM1n Control of input/output mode (in port mode) (n =0 to 4, 6, 7)

0 Output modeN°t®

1 Input mode

Note If P16 is used as an output port, when an error (oscillator stop) is detected by the clock monitor, the
CLMER signal (low level) is output from P16. Low-level output is released by reset signal. For detalils,
see Table 4-5 Alternate-Function Pins of Port 1.

User’'s Manual U16910EJ4V1UD

75



CHAPTER 4 PORT FUNCTIONS

(c) Port 1 mode control register (PMC1)

After reset: 00H

7

R/W Address: FFFFF442H

6 5 4 3 2

1 0

PMC1 | PMC17 | PMC16 | 0 | PMC14 | PMC13 | PMC12 | PMC11 | PMCIO |

PMC17

Specification of operating mode of P17 pin

1/0 port

TOP21 output/TIP21 input

Specification of operating mode of P16 pin

1/0 port

TOQO0 (CLMER) output/TIP20 input

Specification of operating mode of P14 pin

1/0 port

TOQHO03 output/EVTQO input

Specification of operating mode of P13 pin

1/0 port

TIQOO input

Specification of operating mode of P12 pin

1/0O port

TOQHO02 output/TIQ03 input/TOQO3 output

Specification of operating mode of P11 pin

1/0 port

TIQO2 input/TOQO2 output

Specification of operating mode of P10 pin

1/0 port

TOQHO1 output/TIQ01 input/TOQO1 output
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CHAPTER 4 PORT FUNCTIONS

(d) Port 1 function control register (PFC1)

After reset: O0H R/W Address: FFFFF462H

7 6 5 4 3 2 1 0
PFC1 | PFC17 | PFC16 | o | PFC14 | PFC13 | PFC12 | PFC11 | PFC1O |

Remark For the specification of alternate function, see 4.3.2 (1) (f) Setting of alternate function of port 1.

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

After reset: 00H R/W Address: FFFFF702H

7 6 5 4 3 2 1 0
PFCET | o | o | o | o | o [PFcE12]|PFCETt |PFCET0|

Remark For the specification of alternate function, see 4.3.2 (1) (f) Setting of alternate function of port 1.
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CHAPTER 4 PORT FUNCTIONS

(f) Setting of alternate function of port 1

PFC17 Specification of alternate function of P17 pin
0 TOP21 output
1 TIP21 input
PFC16 Specification of alternate function of P16 pin
0 TOQOO0 (CLMER) outputNete !
1 TIP20 input
PFC14 Specification of alternate function of P14 pin
0 TOQHO03 outputhete2
1 EVTQO input
PFC13 Specification of alternate function of P13 pin
0 Setting prohibited
1 TIQOO0 input
PFCE12 | PFC12 Specification of alternate function of P12 pin
0 0 TOQHO02 outputhete 2
0 1 TIQO3 input
1 0 TOQOS3 output
1 1 Setting prohibited
PFCE11 | PFC11 Specification of alternate function of P11 pin
0 0 Setting prohibited
0 1 TIQO2 input
1 0 TOQO2 output
1 1 Setting prohibited
PFCE10 | PFC10 Specification of alternate function of P10 pin
0 0 TOQHO01 outputhNete2
0 1 TIQO1 input
1 0 TOQO1 output
1 1 Setting prohibited

Notes 1. If P16 is used as the TOQOO output pin, when an error (oscillator stop) is detected by the clock
monitor, the CLMER signal (low level) is output from P16. Low-level output is released by

reset signal. For details, see Table 4-5 Alternate-Function Pins of Port 1.

2. These are setting prohibited when TMQO is in other than PWM output mode.

User’'s Manual U16910EJ4V1UD



CHAPTER 4 PORT FUNCTIONS

(g) Pull-up resistor option register 1 (PU1)

After reset: 00H R/W Address: FFFFFC42H

7 6 5 4 3 2 1 0
Put [ putz | Pute | o | Puta | puis | Putz | Putt | put0 |
PU1n Control of on-chip pull-up resistor connection (n = 0to 4, 6, 7)

0 Do not connect
1 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. Moreover, an on-chip pull-up
resistor can only be connected to the TOQHO1 to TOQHO3 and TOP21 pins when the pin goes into a
high-impedance state in the alternate-function mode due to the TOQHOOFF and TOP2OFF pins, or
software processing.

The resistor cannot be connected when the pin is in the output state.
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CHAPTER 4 PORT FUNCTIONS

(2) Block diagrams

Figure 4-5. Block Diagram of P10 and P12 Pins
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sl—=
~ 3 |-:
[0 [e]
n ©
@
N/ Address Ii
I [ —
d_/ ) RESET
RD
TIQO1, TIQO3 input——] Digital noise -—G’_

elimination

Notes 1. Output of high impedance setting signal from high impedance output controller
2. Output of clock stop detection signal from clock monitor

Remark n=0,2

80 User's Manual U16910EJ4V1UD




CHAPTER 4 PORT FUNCTIONS

Figure 4-6. Block Diagram of P11 Pin
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CHAPTER 4 PORT FUNCTIONS

Figure 4-7. Block Diagram of P13 Pin
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Figure 4-8. Block Diagram of P14 Pin
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Notes 1. Output of high impedance setting signal from high impedance output controller
2. Output of clock stop detection signal from clock monitor
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CHAPTER 4 PORT FUNCTIONS

Figure 4-9. Block Diagram of P16 Pin

PU1

PU16 )
—o—{ e} —
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D
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l

AV Address

U
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Notes 1. Output of clock stop detection signal from clock monitor
2. When P16 is set as the output port or TOQOO output function, if an error (oscillator stop) is detected

by the clock monitor, the CLMER signal (low level) is output from P16. Low-level output is released
by reset signal. For details, see Table 4-5 Alternate-Function Pins of Port 1.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-10. Block Diagram of P17 Pin
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Notes 1. Output of high impedance setting signal from high impedance output controller
2. Output of clock stop detection signal from clock monitor

User’'s Manual U16910EJ4V1UD

85



CHAPTER 4 PORT FUNCTIONS

4.3.3 Port2
Port 2 can be set to the input or output mode in 1-bit units.
Port 2 has an alternate function as the following pins.

Table 4-6. Alternate-Function Pins of Port 2

Pin Name | Pin No. Alternate-Function Pin 110 Pull-Up"*
P20 54 TOQ1TH Output Provided
P21 53 TOQ1B1 Output
P22 52 TOQ1T2 Output
P23 51 TOQ1B2 Output
P24 50 TOQ1T3 Output
P25 49 TOQ1B3 Output
P26 46 TOQ10 Output
P27 45 TOP31 Output

Note Software pull-up function

Caution When P20 to P25 and P27 are used as TOQ1T1 to TOQ1T3, TOQ1B1 to TOQ1B3, and TOP31,
output is stopped when the following signals are asserted.

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

86 User's Manual U16910EJ4V1UD



CHAPTER 4 PORT FUNCTIONS

(1) Registers

(a) Port 2 register (P2)

After reset: Undefined R/W Address: FFFFF404H

7

6 5 4 3 2 1 0

P2 | Par | P26 | P2s | P24 | P23 | P22 | P2t | P20 |

P2n

Control of output data (in output mode) (n =0 to 7)

Output 0.

Qutput 1.

(b) Port 2 mode register (PM2)

After reset: FFH

7

R/W Address: FFFFF424H

6 5 4 3 2 1 0

PM2 | PM27 | PM26 | PM25 | PM24 | PM23 | PM22 | PM21 | PM20 |

PM2n

Control of input/output mode (in port mode) (n =0 to 7)

0

Output mode

1

Input mode
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CHAPTER 4 PORT FUNCTIONS

(c) Port 2 mode control register (PMC2)

After reset: 00H R/W Address: FFFFF444H

7 6 5 4 3 2 ! 0
PMC2 | PMC27 | PMC26 | PMC25 | PMC24 | PMC23 | PMC22 | PMC21 | PMC20 |

PMC27 Specification of operating mode of P27 pin
0 1/0 port
1 TOP31 output

PMC26 Specification of operating mode of P26 pin

0 1/O port
1 TOQ10 output

PMC25 Specification of operating mode of P25 pin

0 1/0 port
1 TOQ1B3 output

PMC24 Specification of operating mode of P24 pin

0 1/0 port
1 TOQ1T3 output

PMC23 Specification of operating mode of P23 pin
0 1/0 port
1 TOQ1B2 output

PMC22 Specification of operating mode of P22 pin

0 1/O port
1 TOQ1T2 output

PMC21 Specification of operating mode of P21 pin
0 1/0 port
1 TOQ1B1 output

PMC20 Specification of operating mode of P20 pin

0 1/O port
1 TOQ1T1 output
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CHAPTER 4 PORT FUNCTIONS

(d) Pull-up resistor option register 2 (PU2)

After reset: 00H R/W Address: FFFFFC44H

7 6 5 4 3 2 ! 0
Pu2 | Pu2z | Puze | Pu2s | Pu24 | Pu2s | Puzz | Pu21 | PU20 |

PU2n Control of on-chip pull-up resistor connection (n = 0 to 7)
0 Do not connect
1 Connecthete

Note An on-chip pull-up resistor can be connected only when the pins are in input mode in the port mode.
Moreover, an on-chip pull-up resistor can only be connected to the TOQ1T1 to TOQ1T3, TOQ1B1 to
TOQ1B3, and TOP31 pins when these pins go into a high-impedance state in the alternate-function
mode due to the TOQ1OFF or TOP3OFF pin, or software processing.  The resistor cannot be
connected when the pin is in the output state.
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CHAPTER 4 PORT FUNCTIONS

(2) Block diagram

Figure 4-11. Block Diagram of P20 to P25 and P27 Pins
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Notes 1. Output of high impedance setting signal from high impedance output controller
2. Output of clock stop detection signal from clock monitor

Remark n=0t05,7
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CHAPTER 4 PORT FUNCTIONS

Figure 4-12. Block Diagram of P26 Pin
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CHAPTER 4 PORT FUNCTIONS

43.4 Port3
Port 3 can be set to the input or output mode in 1-bit units.
Port 3 has an alternate function as the following pins.

Table 4-7. Alternate-Function Pins of Port 3

Pin Name | Pin No. Alternate-Function Pin /0 Pull-Up™*!
P30"*? 44 RXDAO Input Provided
P31 43 TXDAO Output

p32te? 42 RXDA1 Input

P33 41 TXDA1 Output

Notes 1. Software pull-up function
2. These pins operate as Schmitt trigger inputs when they are read in the port mode.

(1) Registers

(a) Port 3 register (P3)

After reset: Undefined R/W Address: FFFFF406H

4 3 2 1 0
P | o | o | o | o | pm | P2 | P31t | Pao |
P3n Control of output data (in output mode) (n =0 to 3)
0 Output 0.
1 Qutput 1.

(b) Port 3 mode register (PM3)

After reset: FFH R/W Address: FFFFF426H

7 6 5 4 3 2 ! 0
PM3 | 1 1 1 1 | pvas | Pms2 | pma1 | Pmao |
PM3n Control of input/output mode (in port mode) (n =0 to 3)

0 Output mode

1 Input mode
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CHAPTER 4 PORT FUNCTIONS

(c) Port 3 mode control register (PMC3)

After reset: 00H

R/W Address: FFFFF446H

6 5 4 3 2 1 0
PMc3 | o o | o | o |Pvcss|pmcaz | Pmcat | Pmcso |

PMC33 Specification of operating mode of P33 pin

0 1/O port

1 TXDAT1 output
PMC32 Specification of operating mode of P32 pin

0 1/0 port

1 RXDA1 input
PMC31 Specification of operating mode of P31 pin

0 I/O port

1 TXDAO output
PMC30 Specification of operating mode of P30 pin

0 I/O port

1 RXDAO input

(d) Port 3 function control register (PFC3)

After reset: 00H

R/W Address: FFFFF466H

6 5 4 3 2 1
PFC3 | 0 o | o | o |pPreas|pPrcz| o | o |
PFC33 Specification of alternate function of P33 pin
0 Setting prohibited
1 TXDA1 output
PFC32 Specification of alternate function of P32 pin
0 Setting prohibited
1 RXDA1 input
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CHAPTER 4 PORT FUNCTIONS

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

After reset: 00H R/W Address: FFFFFC46H

4 3 2 1 0
Pus [ o | o | o | o | puss | puse | Pust | puso |
PU3n Control of on-chip pull-up resistor connection (n = 0 to 3)
0 Do not connect
1 ConnectNet

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. The resistor cannot be connected
when the pin is in the output state.
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CHAPTER 4 PORT FUNCTIONS

(2) Block diagram

Figure 4-13. Block Diagram of P30 Pin
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CHAPTER 4 PORT FUNCTIONS

Figure 4-14. Block Diagram of P31 Pin
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CHAPTER 4 PORT FUNCTIONS

Figure 4-15. Block Diagram of P32 Pin
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CHAPTER 4 PORT FUNCTIONS

Figure 4-16. Block Diagram of P33 Pin
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CHAPTER 4 PORT FUNCTIONS

4.3.5 Port4
Port 4 can be set to the input or output mode in 1-bit units.
Port 4 has an alternate function as the following pins.

Table 4-8. Alternate-Function Pins of Port 4

Pin Name | Pin No. Alternate-Function Pin I/0 Pull-Up™*’
P4Q™** 40 SIBO Input Provided
P41 39 SOBO Output

P42t 38 SCKBO I/0

P43"? 37 TOPOO/TIPOO I/O

P44tee? 36 TOPO1/TIPO1 I/O

Notes 1. Software pull-up function
2. These pins operate as Schmitt trigger inputs when they are read in the port mode.

(1) Registers

(a) Port 4 register (P4)

After reset: Undefined R/W Address: FFFFF408H

7 6 5 4 3 2 1 0
P& | o | o | o | Paa | Paz | Pa2 | Pa1 | pPao |
P4n Control of output data (in output mode) (n = 0 to 4)

0 Output 0.
1 Output 1.

(b) Port 4 mode register (PM4)

After reset: FFH R/W Address: FFFFF428H

7 6 5 4 3 2 1 0
PMa | 1 | 1 | 1 | Pmasa | Pmas | Pmaz | Pm41 | Pm4o |
PM4n Control of input/output mode (in port mode) (n = 0 to 4)

0 Output mode

1 Input mode
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CHAPTER 4 PORT FUNCTIONS

(c) Port 4 mode control register (PMC4)

After reset: 00H

R/W Address: FFFFF448H

5 4 3 2

1

0

PMC4 |

o | o |Pumcas | Pmcas | PMCa2 | PMC41 | PMCAO |

Specification of operating mode of P44 pin

1/0 port

TOPO1 output/TIPO1 input

Specification of operating mode of P43 pin

1/0 port

TOPOO output/TIPOO input

Specification of operating mode of P42 pin

1/0 port

SCKBO I/0

Specification of operating mode of P41 pin

1/0 port

SOBO output

Specification of operating mode of P40 pin

1/0 port

SIBO input

(d) Port 4 function control register (PFC4)

After reset: 00H

R/W Address: FFFFF468H

5 4 3 2

PFC4 |

0

| o | o |Prcas | PFCa3 | 0 |

Specification of alternate function of P44 pin

TOPO1 output

TIPO1 input

Specification of alternate function of P43 pin

TOPOO output

TIPOO input
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CHAPTER 4 PORT FUNCTIONS

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

After reset: 00H R/W Address: FFFFFC48H

5 4 3 2 1 0
Pus [ o | o | o [ Puss | puss | Pus2 | Pust | Pu4o |
PU4n Control of on-chip pull-up resistor connection (n = 0 to 4)
0 Do not connect

1 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 when in the SCKBO pin
slave mode). The resistor cannot be connected when the pin is in the output state.

User's Manual U16910EJ4V1UD 101




CHAPTER 4 PORT FUNCTIONS

(2) Block diagram

Figure 4-17. Block Diagram of P40 Pin
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CHAPTER 4 PORT FUNCTIONS

Figure 4-18. Block Diagram of P41 Pin
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CHAPTER 4 PORT FUNCTIONS

Figure 4-19. Block Diagram of P42 Pin
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CHAPTER 4 PORT FUNCTIONS

Figure 4-20. Block Diagram of P43 and P44 Pins
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CHAPTER 4 PORT FUNCTIONS

4.3.6 PortDL
Port DL can be set to the input or output mode in 1-bit units.
Port DL has an alternate function as the following pins.

Table 4-9. Alternate-Function Pins of Port DL

Pin Name | Pin No. Alternate-Function Pin /0 Pull-Up™*’
PDLO 35 - - Provided
PDL1 34 - _
PDL2 33 — _
PDL3 32 - _
PDL4 31 - _
PDL5 30 FLMD1"e'*= %2 _
PDL6 29 - _
PDL7 28 — _

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 19 FLASH MEMORY.
3. uPD70F3329 only
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CHAPTER 4 PORT FUNCTIONS

(1) Registers

(a) Port DL register L (PDLL)

After reset: Undefined R/W Address: FFFFF004H

7 6 5 4 3 2 1 0
POLL | PDL7 | PDL6 | PDL5 | PDL4 | PDL3 | PDL2 | PDL1 | PDLO |

PDLn Control of output data (in output mode) (n =0 to 7)
0 Qutput 0.
1 Output 1.

(b) Port DL mode register L (PMDLL)

After reset: FFH R/W Address: FFFFF024H

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

PMDLn Control of input/output mode (in port mode) (n=0to 7)

0 Output mode

1 Input mode

(c) Pull-up resistor option register DLL (PUDLL)

After reset: 00H R/W Address: FFFFFF44H

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

PUDLN Control of on-chip pull-up resistor connection (n =0 to 7)
0 Do not connect
1 Connecthete

Note An on-chip pull-up resistor can be connected only when the pins are in input mode in the port mode.
The resistor cannot be connected when the pin is in the output state.
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CHAPTER 4 PORT FUNCTIONS

(2) Block diagram

Figure 4-21. Block Diagram of PDLO to PDL7 Pins
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Notes 1. 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 19 FLASH MEMORY.
2. uPD70F3329 only
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CHAPTER 4 PORT FUNCTIONS

4.4 Output Data and Read Value of Port for Each Setting

The following shows the values used to select the alternate function of the respective pins, output data and read
value of each port for each setting. In addition to the settings shown here, setting of each peripheral function control
register is necessary.
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Table 4-10. Output Data and Port Read Value for Each Setting (1/4)

Port Name Function PMCmn PFCEmn PFCmn PMmn Output Data Pmn Read Value Remark
P00 to P06 Qutput port 0 None None Port latch Port latch
Input port - Pin level
INTPO to INTP5"", 1 None None - Port latch Necessary to specify valid edge
INTP6 Pin level
P10, P12 Qutput port 0 x X Port latch Port latch
Input port - Pin level
TOQHO01, TOQH02 1 0 0 Alternate output | Port latch
(timer output) Pin level
TIQO1, TOQO03 1 0 1 - Port latch Alternate input (timer input)
Pin level
TOQO1, TOQO3 1 1 0 Alternate output | Port latch
(timer output) Pin level
P11 Qutput port 0 x x Port latch Port latch
Input port - Pin level
TIQ02 1 0 1 - Port latch Alternate input (timer input)
Pin level
TOQO2 1 1 0 Alternate output | Port latch
(timer output) Pin level
P13 Output port 0 None X Port latch Port latch
Input port - Pin level
TIQO0 1 None 1 - Port latch Alternate input (timer input)
Pin level

Note Including TOQHOOFF, TOQ10FF, TOP20FF, TOP3OFF, ADTRGO, and ADTRG1.

Remark x: Don’t care
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Table 4-10. Output Data and Port Read Value for Each Setting (2/4)

Port Name Function PMCmn PFCEmn PFCmn PMmn Output Data Pmn Read Value Remark
P14 Qutput port 0 None X Port latch Port latch
Input port - Pin level
TOQHO03 1 None 0 Alternate output | Port latch
(timer output) Pin level
EVTQO 1 None 1 - Port latch Alternate input (timer input)
Pin level
P16 (CLMER)"", |Output port"* 0 None x Port latch Port latch
P17 Input port - Pin level
TOQO0 (CLMER)"™, |1 None 0 Alternate output | Port latch
TOP21 (timer output) Pin level
TIP20, TIP21 1 None 1 - Port latch Alternate input (timer input)
Pin level
P20 to P27 Qutput port 0 None None Port latch Port latch
Input port - Pin level
TOQ1T1 to TOQ1T3, |1 None None Alternate output | Port latch
TOQ1B1 to TOQ1BS3, (timer output) Pin level
TOQ10, TOP31
P30 Output port 0 None None Port latch Port latch
Input port - Pin level
RXDAO 1 None None - Port latch Alternate input (serial input)
Pin level
P31 Qutput port 0 None None Port latch Port latch
Input port - Pin level
TXDAO 1 None None Alternate output | Port latch
(serial output) Pin level

Note When P16 is set as the output port or TOQOO output function, if an error (oscillator stop) is detected by the clock monitor, the CLMER signal (low level)

is output from P16. Low-level output is released by reset signal. For details, see Table 4-5 Alternate-Function Pins of Port 1.

Remark x: Don’t care
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Table 4-10. Output Data and Port Read Value for Each Setting (3/4)

Port Name Function PMCmn PFCEmn PFCmn PMmn Output Data Pmn Read Value Remark
P32 Qutput port 0 None X Port latch Port latch
Input port - Pin level
RXDA1 1 None 1 - Port latch Alternate input (serial input)
Pin level
P33 Qutput port 0 None X Port latch Port latch
Input port - Pin level
TXDA1 1 None 1 Alternate output | Port latch
(serial output) Pin level
P40 Output port 0 None None Port latch Port latch
Input port - Pin level
SIBO 1 None None - Port latch Alternate input (serial input)
Pin level
P41 Qutput port 0 None None Port latch Port latch
Input port - Pin level
SOBO 1 None None Alternate output | Port latch
(serial output) Pin level
P42 Qutput port 0 None None Port latch Port latch
Input port - Pin level
SCKBO 1 None None Alternate output | Port latch Output in master mode
(serial output) Pin level Input in slave mode

Remark x: Don’t care
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Table 4-10. Output Data and Port Read Value for Each Setting (4/4)

Port Name Function PMCmn PFCEmn PFCmn PMmn Output Data Pmn Read Value Remark

P43, P44 Qutput port 0 None X Port latch Port latch
Input port - Pin level

TOPOO, TOPO1 1 None 0 Alternate output | Port latch
(timer output) Pin level

TIPOO, TIPO1 1 None 1 - Port latch Alternate input (timer input)

Pin level

PDLO to PDL4, Output port None None None Port latch Port latch
PDL5™, PDLS, Input port - Pin level

PDL7

Note The PDLS5 pin also functions as a pin to be set in the flash programming mode (xPD70F3329 only).

the port control register. For details, see CHAPTER 19 FLASH MEMORY.

Remark x: Don’t care

This pin does not need to be manipulated using
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CHAPTER 4 PORT FUNCTIONS

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 4-11. Using Port Pin as Alternate-Function Pin (1/3)

Pin Name Alternate Pin Pnx Bit of Pn Register PMnx Bit of PMn Register | PMCnx Bit of | PFCEnx Bit of PFCnx Bit of Other Bit
Name 1o RF;I;/IiCS)tr;r PFCEnN Register | PFCn Register (Register)
P00 INTPO Input P00 = Setting not required | PMOO = Setting not required | PMCO00 = 1 - -
TOQHOOFF Input P00 = Setting not required | PM0O = Setting not required | PMCO00 = 1 - -
PO1 INTP1 Input P01 = Setting not required | PMO1 = Setting not required | PMCO1 = 1 - -
TOQ10FF Input P01 = Setting not required | PM01 = Setting not required | PMCO01 =1 - -
P02 INTP2 Input P02 = Setting not required | PMO2 = Setting not required | PMCO02 = 1 - -
TOQ20FF Input P02 = Setting not required | PMO2 = Setting not required | PMCO02 = 1 - -
P03 INTP3 Input P03 = Setting not required | PMO3 = Setting not required | PMCO03 = 1 - -
TOQS3OFF Input P03 = Setting not required | PMO3 = Setting not required | PMCO03 = 1 - -
P04 INTP4 Input P04 = Setting not required | PM04 = Setting not required | PMCO04 = 1 - -
ADTRGO Input P04 = Setting not required | PMO04 = Setting not required | PMCO04 = 1 - -
P05 INTP5 Input P05 = Setting not required | PMO5 = Setting not required | PMCO05 = 1 - -
ADTRGH1 Input P05 = Setting not required | PMO5 = Setting not required | PMCO05 = 1 - -
P06 INTP6 Input P06 = Setting not required | PMO6 = Setting not required | PMCO06 = 1 - -
P10 TOQHO1 Output P10 = Setting not required | PM10 = Setting not required | PMC10 = 1 PFCE10=0 PFC10=0
TIQO1 Input P10 = Setting not required | PM10 = Setting not required | PMC10 = 1 PFCE10=0 PFC10=1
TOQO1 Output P10 = Setting not required | PM10 = Setting not required | PMC10 = 1 PFCE10=1 PFC10=0
P11 TIQ02 Input P11 = Setting not required | PM11 = Setting not required | PMC11 =1 PFCE11 =0 PFC11 =1
TOQO2 Qutput P11 = Setting not required | PM11 = Setting not required | PMC11 =1 PFCE11 =1 PFC11=0
P12 TOQHO02 Output P12 = Setting not required | PM12 = Setting not required | PMC12 =1 PFCE12=0 PFC12=0
TIQ03 Input P12 = Setting not required | PM12 = Setting not required | PMC12 =1 PFCE12=0 PFC12 =1
TOQO03 Output P12 = Setting not required | PM12 = Setting not required | PMC12 =1 PFCE12=1 PFC12=0
P13 TIQO00 Input P13 = Setting not required | PM13 = Setting not required | PMC13 =1 - PFC13=1
P14 TOQHO03 Output P14 = Setting not required | PM14 = Setting not required | PMC14 =1 - PFC14=0
EVTQO Input P14 = Setting not required | PM14 = Setting not required | PMC14 =1 - PFC14 =1
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Table 4-11. Using Port Pin as Alternate-Function Pin (2/3)

Pin Name Alternate Pin Pnx Bit of Pn Register PMnx Bit of PMn Register | PMCnx Bit of | PFCEnx Bit of PFCnx Bit of Other Bit
Name 1o RF;I;/IiCS)tr;r PFCEnN Register | PFCn Register (Register)

P16 TOQO0 Qutput P16 = Setting not required | PM16 = Setting not required | PMC16 = 1 - PFC16=0
(CLMER)™ | (CLMER)"™*

TIP20 Input P16 = Setting not required | PM16 = Setting not required | PMC16 = 1 - PFC16 =1
P17 TOP21 Qutput P17 = Setting not required | PM17 = Setting not required | PMC17 =1 - PFC17=0

TIP21 Input P17 = Setting not required | PM17 = Setting not required | PMC17 =1 - PFC17 =1
P20 TOQ1TH Output P20 = Setting not required | PM20 = Setting not required | PMC20 = 1 - -
P21 TOQ1B1 Output P21 = Setting not required | PM21 = Setting not required | PMC21 =1 - -
P22 TOQ1T2 Output P22 = Setting not required | PM22 = Setting not required | PMC22 = 1 - -
P23 TOQ1B2 Qutput P23 = Setting not required | PM23 = Setting not required | PMC23 = 1 - -
P24 TOQ1T3 Output P24 = Setting not required | PM24 = Setting not required | PMC24 = 1 - -
P25 TOQ1B3 Output P25 = Setting not required | PM25 = Setting not required | PMC25 = 1 - -
P26 TOQ10 Output P26 = Setting not required | PM26 = Setting not required | PMC26 = 1 - -
P27 TOP31 Output P27 = Setting not required | PM27 = Setting not required | PMC27 = 1 - -
P30 RXDAO Input P30 = Setting not required | PM30 = Setting not required | PMC30 = 1 - -
P31 TXDAO Output P31 = Setting not required | PM31 = Setting not required | PMC31 =1 - -
P32 RXDA1 Input P32 = Setting not required | PM32 = Setting not required | PMC32 = 1 - PFC32 =1
P33 TXDA1 Output P33 = Setting not required | PM33 = Setting not required | PMC33 = 1 - PFC33 =1
P40 SIBO Input P40 = Setting not required | PM40 = Setting not required | PMC40 = 1 - -
P41 SOBO Output P41 = Setting not required | PM41 = Setting not required | PMC41 =1 - -
P42 SCKBO I/0 P42 = Setting not required | PM42 = Setting not required | PMC42 = 1 - -

Note When P16 is set as the output port or TOQOO output function, if an error (oscillator stop) is detected by the clock monitor, the CLMER signal (low level)

is output from P16. Low-level output is released by reset signal. For details, see Table 4-5 Alternate-Function Pins of Port 1.
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Table 4-11. Using Port Pin as Alternate-Function Pin (3/3)

Pin Name Alternate Pin Pnx Bit of Pn Register PMnx Bit of PMn Register | PMCnx Bit of | PFCEnx Bitof | PFCnx Bit of Other Bit
Name 1o PMCn PFCEnN Register | PFCn Register (Register)
Register
P43 TOPOO Qutput P43 = Setting not required | PM43 = Setting not required | PMC43 = 1 - PFC43=0
TIPOO Input P43 = Setting not required | PM43 = Setting not required | PMC43 = 1 - PFC43 =1
P44 TOPO1 Qutput P44 = Setting not required | PM44 = Setting not required | PMC44 = 1 - PFC44 =0
TIPO1 Input P44 = Setting not required | PM44 = Setting not required | PMC44 =1 - PFC44 =1
PDLO - - PDLO = Setting not PMDLO = Setting not - - -
required required
PDLA1 - - PDL1 = Setting not PMDL1 = Setting not - - -
required required
PDL2 - - PDL2 = Setting not PMDL2 = Setting not - - -
required required
PDL3 - - PDLS3 = Setting not PMDLS3 = Setting not - - -
required required
PDL4 - - PDL4 = Setting not PMDL4 = Setting not - - -
required required
PDL5""* FLMD1""* Input PDLS5 = Setting not PMDL5 = Setting not - - -
required required
PDL6 - - PDL6 = Setting not PMDL6 = Setting not - - -
required required
PDL7 - - PDL7 = Setting not PMDL7? = Setting not - - -
required required

Note The PDLS5 pin also functions as a pin to be set in the flash programming mode (uPD70F3329 only). This pin does not need to be manipulated using the

port control register. For details, see CHAPTER 19 FLASH MEMORY.
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CHAPTER 4 PORT FUNCTIONS

4.6 Noise Eliminator

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

Table 4-12. Noise Eliminator

Unit Target Pin Delay Noise Elimination Sampling Clock
Type Width
Reset RESET Analog Several 10 ns (TYP) -
Mode pin FLMDO"* /|G delay

<R> | e Interrupt (INTC)*** | INTPO/TOQHOOFF 500 ns (MIN.)

<R> | « High impedance INTP1/TOQ10FF

<R> output control INTP2/TOP20FF

<R> function of timer for INTP3/TOP3OFF

<R> motor control INTP4/ADTRGO

<R> | « A/D converter (ADC) | INTP5/ADTRGH

<R> INTP6 Digital 4 to 5 clocks fxx/2 (62.5 ns (at 32 MHz))

delay (250 ns (at 32 MHz)) | fxx/4 (125 ns (at 32 MHz))

(500 ns (at 32 MHz)) | fxx/8 (250 ns (at 32 MHz))
(1 s (at 32 MHz)) fxx/16 (500 ns (at 32 MHz))
(2 us (at 32 MHz)) selectable

<R> | Timer Q (TMQ) TIQO1 4 to 5 clocks fxx (31.25 ns (at 32 MHz))

<R> TIQ02 (125 ns (at 32 MHz))

<R> TIQ03

<R> TIQ00

<R> EVTQO

<R> | Timer P (TMP) TIP20

<R> TIP21

<R> TIPOO

<R> TIPO1

Notes 1. 4PD70F3329 only
2. PD703327, 703329 only
3. A maskable interrupt input other than INTP6 can be used as the release source of IDLE or STOP
mode.
Cautions 1. The maskable interrupt pins are used to release the standby mode.
2. The noise filter of the digital delay pin uses clock sampling and therefore cannot
acknowledge an input signhal when the peripheral clock (fxx) is stopped.
3. The noise eliminator operates only when the alternate function is used.
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CHAPTER 4 PORT FUNCTIONS

An example of digital noise elimination timing at the INTP6 pin is shown below.

Figure 4-22. Example of Noise Elimination Timing

Noise elimination clock ||||||||||||||I|||I|| ||||||||||||| I|||||||||||I|I|I

Input signal

Internal signal

INTP6 rising
edge detection

RN N B AN A B B AN T A A A NN B AR
A | by | sameing Tl
1 1 | 2 I A vt v of 0o Stmes )y yovoyo§f
' ' ' ' ' ' ' P Sampling P
: : : : : : : \ 1 S5times 1 .
12clocksi2 clockss 3 clocks 1 3clocks 1 4clocks 1 4clocks 1 5clocks + 1 5clocks 1 1

] :

INTP6 falling
edge detection

i

Caution If there are four or less noise elimination clocks while the INTP6 input signal is high level (or
low level), the input pulse is eliminated as noise. If it is sampled at least five times, the edge
is detected as valid input.
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CHAPTER 4 PORT FUNCTIONS

(1) External interrupt noise elimination control register (INTPNRC)

The INTPNRC register is used to select the sampling clock that is used to eliminate digital noise on the INTP6

pin. If the same level is not detected five times in a row, the signal is eliminated as noise.

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

Reset sets this register to 00H.

Cautions 1. If the input pulse lasts for the duration of 4 to 5 clocks, it is undefined whether the pulse
is detected as a valid edge or eliminated as noise. So that the pulse is actually detected
as a valid edge, the same pulse level must be input for the duration of 5 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: 00H R/W Address: FFFFF310H
2 1 0
NTPNRC [ 0 | o | o | o | o | o |ntPNReH/iNTPNRC|
INTPNRC1|INTPNRCO Selection of sampling clock
0 0 fxx/16
0 1 fxx/8
1 0 fxx/4
1 1 fxx/2
4.7 Cautions
4.7.1 Cautions on setting port pins

(1) Set the registers of a port in the following sequence.
<1> Set PFCn and PFCEn registers.
<2> Set PMCn register.
<3> SetINTFn and INTRn registers.

If the PFCn register is set before setting the PMCn and PFCEn registers, an unexpected peripheral function

may be selected while the PFCn and PFCEn registers are being set.

(2) 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. Moreover, an on-chip pull-up resistor can be
connected to the TOP21, TOQ1T1 to TOQ1T3, TOQ1B1 to TOQ1B3, TOP31, and TOQHO1 to TOQHO3
output pins when these pins go into a high-impedance state due to the TOQ10FF, TOP20FF, TOP3OFF, or
TOQHOOFF pin or software processing.
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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 P20 pin is an output port, P21 to P27 pins are input ports (all pin statuses are high level), and
the value of the port latch is 00H, if the output of P90 pin is changed from low level to high level via
a bit manipulation instruction, the value of the port latch is FFH.
Explanation: The targets of writing to and reading from the Pn register of a port whose PMnm bit is
1 are the output latch and pin status, respectively.
A bit manipulation instruction is executed in the following order in the V850ES/IK1.

<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 P20 pin, which is an output port, is read, while the
pin statuses of P21 to P27 pins, which are input ports, are read. If the pin statuses of P21 to P27
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 4-23. Bit Manipulation Instruction (P20 Pin)

Bit manipulation

P20 @ instruction P20 @

Low-level output (set1 0, P2[r0])
is executed for

High-level output

P20 bit.
P21 to P27 @ I::> P21 to P27 @
Pin status: High level Pin status: High level
Port 2 latch Port 2 latch
(olojofofofofofo] RIERERERENERERED

Bit manipulation instruction for P20 bit

<1> P2 register is read in 8-bit units.
¢ In the case of P20, an output port, the value of the port latch (0) is read.
¢ In the case of P21 to P27, input ports, the pin status (1) is read.

<2> Set (1) P20 bit.

<3> Write the results of <2> to the output latch of P2 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 = 2.5 to 4 MHz (fxx = 20 to 32 MHz)
¢ In clock-through mode: fx = 2.5 to 4 MHz (fxx = 2.5 to 4 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

Remark fx: Oscillation frequency
fxx: System clock
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5.2 Configuration

Figure 5-1. Clock Generator

SELPLL
bit
IDLE mode CK1, CKO
bits
X1 0O~ ) fx . IDLE |fxx
X2O| Oscillator PLL 5 controll T Prescaler 2
[$]
2 [ foos | HALT mode
® to/d | & {
[$]
Q
bod2 | S HALT foPy_ 5PU clock
fxx 2} control
Oscillator fok_ Internal system
stop control clock
STOP mode
Oscillation stabilization
time wait
Oscillation stabilization fxx to fxx/2,048 .
time wait control (OST) Prescaler 1 Peripheral clock
Watchdog timer
clock
. High impedance
Clock monitor output control
(timer for motor control)
and P16
Caution Because fcru and fck do not go through PLL immediately after reset, and fxx/8 is selected by
prescaler 2, if fx = 4 MHz, fcru and fcik are 500 kHz.
Remark fx:  Oscillation frequency
fxx.  System clock frequency
fcru: CPU clock frequency
fck:  Internal system clock frequency

Table 5-1. Operation Clock of Each Function Block

Function Block Operation Clock
CPU fcru (Selected from fxx to fxx/8 by PCC register)
Interrupt controller fewk (Selected from fxx to fxx/8 by PCC register)
Timer (excluding watchdog timer) fxx
Watchdog timer fxx/512
UARTA fucLk (Selected from fxx to fxx/2,048 by UAnCTL1 register)
CSIiB fecwk (Selected from fxx/2 to fxx/128 and external clock by CBOCTL1 register)
A/D converters 0, 1 fxx

Remarks 1. fxx: Peripheral clock
2.n=0,1
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Q)

)

(©)

(4)

(5)

(6)

@)

(8)

124

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

¢ In PLL mode (x8 fixed): fx = 2.5 to 4 MHz (fxx = 20 to 32 MHz)
¢ In clock-through mode: fx = 2.5 to 4 MHz (fxx = 2.5 to 4 MHz)

IDLE control
All functions other than the oscillator, PLL, clock monitor operation, and CSIB in slave mode are stopped.

HALT control
Only the CPU clock (fcru) 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.

The output frequency of PLL is 20 to 32 MHz in the PLL mode.

Prescaler 1
This prescaler generates the clock (fxx to fxx/2,048) 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 (fcwk) 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'%/x.

Clock monitor

The clock monitor samples the clock generated by the oscillator (fx), by using the internal oscillation clock.
When it detects an error (stop of oscillation), the output of the motor control timer goes into a high-impedance
state. The CLMER signal (low level)"** is output from P16 (for details, see CHAPTER 4 PORT FUNCTIONS
and CHAPTER 9 MOTOR CONTROL FUNCTION). Low-level output is released by reset signal.

Note The CLMER signal (low level) is valid only when P16 is specified as an output port or the TOQO0 output
function.
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5.3 Control Registers

The clock generator is controlled by the following seven registers.

PLL control register (PLLCTL)

¢ Clock control register (CKC)

e Processor clock control register (PCC)

e 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

7 6 5 4 3 2 <1> 0
Pett [ o | o | o | o | o | o [sepu| 1 |
SELPLL CPU operation clock selection

0 Clock-through mode
1 PLL mode

Cautions 1. Be sure to clear 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)

3. Before using the PLL mode (SELPLL bit = 1), be sure to set the CKC register to 0BH.
Unless the CKC register has been set, the operation is not guaranteed.
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(2) Clock control register (CKC)
The CKC register is used to control the PLL mode. Before using the PLL mode (PLLCTL.SELPLL bit = 1), be
sure to set the CKC register to 0BH. Unless the CKC register has been set, the operation is not guaranteed.
The CKC register is a special register. Data can be written to this register only in a combination of specific
sequences (see 3.4.7 Special registers).
This register can be read or written in 8-bit units.
Reset sets this register to 0AH.

After reset: 0AH R/W Address: FFFFF822H

ckc [ o | o | o | o | 1 | o | o | o |

Cautions 1. The default value of the CKC register is 0AH. However, be sure to set 0BH to this register
during initial settings. The default value of an in-circuit emulator is undefined, but also set
0BH to the register when an in-circuit emulator is used.

2. When writing to the CKC register, use command register PRCMD.

(3) 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 3.4.7 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

7 6 4 2 1 0
pcc [ o | o | o | o | o | o | ckt | cko |
CK1 CKO Clock selection (fcx/fcpu)
0 0 fxx
0 1 fxx/2
1 0 fxx/4
1 1 fxx/8

Cautions 1. Be sure to clear bits 2 to 7 to “0”.
2. Set the PCC register after the PLL mode is selected (PLLCTL.SELPLL bit = 1).
3. When writing to the PCC register, use command register PRCMD.
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(4) Power save control register (PSC)

The PSC register is a special register. Data can be written to this register only in a combination of specific

sequences (see 3.4.7 Special registers).
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: FFFFF1FEH

<4> 3 2 <1> 0
psc | o | o | o [ wm ]| o | o [ sm | o
INTM Standby mode control by maskable interrupt request (INTxxNte)
0 Standby mode release by INTxx request enabled
1 Standby mode release by INTxx request disabled
STB Operation mode setting
0 Normal mode
1 Standby mode

Note For details, see Table 14-1 Interrupt Source List.

Cautions 1. Be sure to clear 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.
4. When writing to the PSC register, use command register PRCMD.
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(5) 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

4 3 2 1 <0>
psMR [ o | o | o | o | o | o | o | psmo|
PSMO Specification of operation in software standby mode

0 IDLE mode
1 STOP mode

Cautions 1. Be sure to clear bits 1 to 7 to “0”.
2. The PSMO bit is valid only when the PSC.STB bit is 1.
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(6) 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 06H.

After reset: 06H R/W Address: FFFFF6COH

7 6 5 4 3 2 1 0
osts [ o | o | o | o | o |osts2|ostst | osTso |
OSTS2 | OSTS1 | OSTSO Selection of oscillation stabilization time
(fx = 4 MHz)
1 0 0 2'%/fx (4.10 ms)
1 0 1 2'5/fx (8.19 ms)
1 1 0 215/ix (16.4 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

.

Voo l

Voltage waveform X2 pin

2. 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. The oscillation stabilization time after reset is 2"°/fx (because the default value of the OSTS
register is 06H).

4. Be sure to clear bits 3 to 7 to “0”.

Remark fx: Oscillation frequency
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(7) Clock monitor mode register (CLM)
The CLM register sets the clock monitor operation mode. It can be written only in a combination of specific
sequences (see 3.4.7 Special registers).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00OH R/W Address: FFFFF870H

7 5 4 3 1 0
cm [ o | o | o [ o | o | o | o | ocme|
CLME Clock monitor operation control
0 Clock monitor operation disabled
1 Clock monitor operation enabled

Cautions 1. The CLME bit is cleared to 0 only after reset.
2. When the CLME bit = 1, the clock monitor function is forcibly stopped if the following
conditions are satisfied.

¢ During oscillation stabilization time count after release of STOP mode

3. 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 9-4 for the target timer output.

<R> 4. When writing to the CLM register, use command register PRCMD.
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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) = 2.5 to 4 MHz, output clock (fxx) = 20 to 32 MHz
Clock-through mode: Input clock (fx) = 2.5 to 4 MHz, output clock (fxx) = 2.5 to 4 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 VB50ES/IK1, the lockup time after release of reset is secured
automatically.

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 CPU Clock | Peripheral | Watchdog
(fx) (fxx) System (feru) Clock Timer Clock
Clock (fcrk) (fxx to (fxx/512)
fxx/2,048)
Normal operation v \ \/ v \ y
During RESET pin input x x x x X x
During oscillation stabilization time count v \ x x x x
HALT mode \/ V J x y v
IDLE mode v J x x x x
STOP mode x X x X x X

Remark +: Operating
x: Stopped

132
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5.5.2 Operation timing

(1) Power on (power-on reset)

Oscillation stabilization time

of clock from oscillator
8.19 ms (at 4 MHz)

PLL lockup time
8.19 ms (at 4 MHz)

Vob _____J

RESET (input)

<1>

OST counter

00H (initialization)

9008000008

PLL output clock

X

X Ll

<2>

<3>

XOOH

CPU reset signal

PLL output stabilized

X1

fepu

Oscillation stabilization
time

LN JryuivvvivvyiivuviyuL

I

<1>

<4>

fxx/8 of clock-through

mode after

The oscillator is activated by RESET release power application.

RESET

PLL stops during the RESET period and the oscillation stabilization time set using the OSTS register.

<2>

<3>

<4>

When the oscillation stabilization time that elapses after the Fﬁsignal 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.

Cautions 1. After the RESET signal is released, a specific wait time (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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(2) Reset input with power on

Oscillation stabilization time

of clock from oscillator PLL lockup time
8.19 ms (at 4 MHz) 8.19 ms (at 4 MHz)
Voo H
Resettte — | <1>
<3>
OST counter 00H (initialization) XOXOOOOOOO X 0oH
PLL output clock - |||[]]|| <2> L LLLAROLLLEEEORROULAEEERRRDULELERCRRY

PLL output stabilized

CPU reset signal |

Xt L nryuulvvvvriivuuuyuuuuyt

Oscillation stabilization
time ‘
111111 L
<4>
fxx/8 of clock-through
mode after RESET

<1> PLL stops during the reset period and the oscillation stabilization time set using the OSTS register.

<2> When the 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 O0H.

<4> When the lockup time expires, the CPU releases the reset signal and operates in the clock-through
mode (fx). The CPU operation clock (fcpu) is fxx/8. The PLL mode can be set by software.

Note RESET pin input, or WDTRES, LVIRES, or POCRES signal generation

Cautions 1. After the reset signal is released, a specific wait time (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

Oscillation
stabilization time of
clock from oscillator PLL lockup time is
is 1/2 of set value of 1/2 of set value of

OSTS register = OSTS register

Voo H
<1> <2>
STOP status In STOP STOP mode released
' mode
OST counter 00H (initialization) XOOOOOOOOK X 00H
PLL output clock||[]]]|] <4> | {LLLLCCLLEEEEEEEEERRRRRRRRR

PLL output stabilized

X1 Uyl vvvyvvvvuvuue
o L M

Status before STOP mode was
set is resumed after release of
STOP mode

<5> <6>

<1> 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.

<2> 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.

<3> When half the oscillation stabilization time set to the OSTS has elapsed, PLL starts operating. The
clock generated by the oscillator must be stabilized before PLL starts operating. The actual
oscillation stabilization time is “1/2 the oscillation stabilization time”. Take this into consideration
when setting a value to the OSTS register.

<4> After half the oscillation stabilization time has elapsed, the lockup wait time starts. The remaining
count time of the OST counter is the lockup wait time.

<5> When the lockup time of PLL is over, clock supply to the internal circuitry is started. At this time, the
status before the STOP mode was set is recovered.

<6> The operation to be performed when the STOP mode is released by RESET input or LVIRES or
POCRES signal generation is the same as that in (1) Power on (power-on reset) and (2) Reset
input with power on.
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5.6 Clock Monitor

(1) Function
The clock monitor samples the clock generated by the oscillator (fx), by using the internal oscillation clock.
When it detects an error (stop of oscillation), the output of the motor control timer goes into a high-impedance
state. The CLMER signal (low level)** is output from P16 (for details, see CHAPTER 4 PORT FUNCTIONS
and CHAPTER 9 MOTOR CONTROL FUNCTION). Low-level output is released by reset signal.

Note The CLMER signal (low level) is valid only when P16 is set to the output port or TOQOO0 output function.
(2) Operation
The following explains the functions of the clock monitor. The operation start and operation stop conditions

are as follows.

<Operation start condition>
Setting the CLM.CLME bit to enable (1)

<Operation stop condition>
While oscillation stabilization time is being counted after STOP mode is released

Table 5-3. Operation Status of Clock Monitor (When CLM.CLME Bit = 1)

Operation Mode Status of Clock (fx) Generated Status of Internal Status of Clock Monitor
by Oscillator Oscillation Clock

Normal operation Oscillates Oscillates Operates

mode

HALT mode Oscillates Oscillates Operates

IDLE mode Oscillates Oscillates Operates

STOP mode Stops Oscillates Stops

During reset Stops Stops Stops

136 Users Manual U16910EJ4V1UD



CHAPTER 5 CLOCK GENERATOR

(a) Operation when oscillator is stopped (CLM.CLME bit = 1)
If the oscillator is stopped when the CLME bit = 1, the CLMER signal is output from P16.

Figure 5-2. When Oscillation of Main Clock Is Stopped

Four internal oscillation clock cycles

Oscillator (fx) | | | |

Internal oscillation clock

CLMER signal output \‘5

(b) Operation in STOP mode or after STOP mode is released
If the STOP mode is set with the CLME bit = 1, the monitor operation is stopped in the STOP mode and
while the oscillation stabilization time is being counted. After the oscillation stabilization time, the monitor
operation is automatically started.

Figure 5-3. Operation in STOP Mode or After STOP Mode Is Released

CPU Normal
operation _operation STOP Oscillation stabilization time Normal operation

Oscillator (fx) ["‘f‘ﬂmmﬂ_

Oscillation stops | Oscillation stabilization time
(set by OSTS register)

Internal oscillation
clock -

CLME bit

Clock monitor

status During Monitor stops During monitor
monitor
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Timer P (TMP) is a 16-bit timer/event counter.
The V850ES/IK1 incorporates TMPO to TMP3.
6.1 Overview
The TMPn of channels are outlined below (n = 0 to 3).

Table 6-1. TMPn Overview

Item TMPO TMP1 TMP2 TMP3
Clock selection 8 ways 8 ways 8 ways 8 ways
Capture trigger input pin 2 None 2 None
External event count input pin 1 None 1 None
External trigger input pin 1 None 1 None
Timer counter 1 1 1 1
Capture/compare register 2 ot 2 ot
Capture/compare match interrupt request signal 2 onee 2 ot
<R> Overflow interrupt request signal 1 1 1 1
Timer output pin 2 None 1 1

Note Compare function only

6.2 Functions

The functions of TMPn that can be realized differ from one channel to another, as shown in the table below (n =0
to 3).

Table 6-2. TMPn Functions

Function TMPO TMP1 TMP2 TMP3
Interval timer v \ v \
External event counter v x v x
External trigger pulse output v x v e
One-shot pulse output v x v N
PWM output v x Y \
Free-running timer v \/ v \
Pulse width measurement v x v x
Timer tuning operation X v (TMQ1) x x

Note Realized by software trigger only. External trigger input cannot be used.
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6.3 Configuration
TMPn includes the following hardware.

Table 6-3. Configuration of TMPn

Item Configuration
Timer register 16-bit counter x 1
Registers TMPn capture/compare registers 0, 1 (TPnCCRO, TPnCCR1)

TMPn counter read buffer register (TPNCNT)
CCRO0 and CCR1 buffer registers

Timer input Total 4 (TIP00"™"", TIPO1, TIP20""", TIP21 pins)""**
Timer output Total 4 (TOP0O, TOPO1, TOP21, TOP31 pins)**®
Control registers TMPn control registers 0, 1 (TPnCTLO, TPnCTL1)

TMPm I/O control register 0 (TPmIOCO0)
TMPk I/O control registers 1, 2 (TPkIOC1, TPkIOC2)
TMPn option register 0 (TPNOPTO)

Notes 1. The TIP0OO and TIP20 pins function alternately as a capture input signal, external event count
input signal, and external trigger input signal.
2. Not provided for TMP1 and TMP3
3. Not provided for TMP1

Remark n=0t03

m=0,2,3
k=0,2
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Figure 6-1. TMPO Block Diagram

2 Internal bus 2
A\
TPOCNT

fxx —]

fxx/2  —=

fxx/4  —= 5

xx/8 — B 5

16— % £ —»l 16-bit counter | INTTPOOV

][xxjgi — @ 2 @ Clear

XX - n -

Fod128 — ™ g . 5 ©ToP00
3 5-1—O TOPO1
3E

CCRoO 8
buffer
register CCR1
buffer [~INTTPOCCO
ﬁ register ‘
= — .~ =INTTPOCCH1
TIPOO O~ o & | _TPoccro | i
< ©
TIPO1 O—1Y 8 TPOCCRH1
| |
A
2 Internal bus 2

Remark fxx: Peripheral clock

Figure 6-2. TMP1 Block Diagram

2 Internal bus 2
N\
TP1CNT
fxx —
fxx/2 ~ —=
fxx/d —= 5
;Xi//?s e —>| 16-bit counter |—>INTTP1OV
‘ 2 cl
fxx/32 —= @ @ ear
fxx/64 — o}
/128 —] ﬁ v S
0 S— S
c
o
CCRO o
buffer
register CCR1
buffer INTTP1CCO
ﬁ register INTTP1CC1
TP1CCRO t

TP1CCR1

I

Internal bus

Remark fxx: Peripheral clock
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Figure 6-3. TMP2 Block Diagram

{ Internal bus (
TP2CNT
fxx -
fxx/2  —=
fxx/4  — 5
xx/8 — G 5
fxx/16 —= % *8 —»l 16-bit counter INTTP20V
/32 — 0 o Cl
fxx/64 —* . & {} ear
fox/128 —= =5
‘ ‘ 3s 4}@ TOP21
8 <
CCRO 8
buffer
register CCR1
buffer 4’}—+INTTPZCCO
ﬁ register ‘
= — o INTTP2CCA
TIP20 O~} ¢ & [ TP2ccRro
23 [ Teecono | e
TIP21 O—~4 3 TP2CCR1
TOP20FF O~ o &
8 3
w5 ( Internal bus (
©

Remarks 1. fxx: Peripheral clock

2. For the TOP20OFF pin, see 9.3 (6) High-impedance output control registers 00, 01, 10, 11

(HZAyCTLn).
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Figure 6-4. TMP3 Block Diagram

Remarks 1. fxx: Peripheral clock

2 Internal bus 2
2\
TP3CNT
fxx —]
fxx/2 ~ —=
e
Kill?e ] E —»l 16-bit counter |—“|NTTP3OV
/32 — B U Clear
fxx/64 —*™ =0
fxx/128 — ‘ ‘ ;@% >—O TOP31
S 2
O g
CCRO ©
buffer
register CCR1
buffer INTTP3CCO
TT register INTTP3CC1
TP3CCRO '
TP3CCR1
TOP3OFF O~ 4 & |
o O
g8 L
3 2 Internal bus z

2. For the TOP3OFF pin, see 9.3 (6) High-impedance output control registers 00, 01, 10, 11
(HZAyCTLn).

)

()
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16-bit counter

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

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

When the TPnCTLO.TPnCE bit = 0, the value of the 16-bit counter is FFFFH. If the TPnCNT register is read at
this time, 0000H is read.

The TPnCE bit is cleared to 0 after reset.

CCRO buffer register

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

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

The CCRO buffer register cannot be read or written directly.

The TPnCCRO register is cleared to 0000H after reset, and the CCRO buffer register is cleared to 0000H.
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@)

)

®)

(6)

CCR1 buffer register

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

When the TPnCCR1 register is used as a compare register, the value written to the TPNnCCR1 register is
transferred to the CCR1 buffer register. When the count value of the 16-bit counter matches the value of the
CCR1 buffer register, a compare match interrupt request signal (INTTPnCC1) is generated.

The CCR1 buffer register cannot be read or written directly.

The TPNCCR1 register is cleared to 0000H after reset, and the CCR1 buffer register is cleared to 0000H.

Edge detector

This circuit detects the valid edges input to the TIP0O, TIPO1, TIP20, and TIP21 pins. No edge, rising edge,
falling edge, or both the rising and falling edges can be selected as the valid edge by using the TPOIOCH1,
TP2I0C1, TPOIOC2, and TP2IOC2 registers.

Output controller
This circuit controls the output of the TOP0O, TOP01, TOP21, and TOP31 pins. The output of the TOPOO,
TOPO1, TOP21, and TOP31 pins is controlled by the TPOIOCO0, TP2I0CO, and TP3IOCO 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) TMPn control register 0 (TPnCTLO)
The TPnCTLO register is an 8-bit register that controls the operation of TMPn.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to O0H.
The same value can always be written to the TPnCTLO register by software.

After reset: 00H R/W Address: TPOCTLO FFFFF640H, TP1CTLO FFFFF660H,
TP2CTLO FFFFF680H, TP3CTLO FFFFF6AOH

<7> 6 5 4 3 2 1 0
TPncTo [ TPncE| o | o | o | o |TPnCKs2[TPnCKs1|TPnCKSO|
(n=0to0 3,
m=0.23) TPnCE TMPn operation control
0 TMPn operation disabled (TMPn reset asynchronouslyN°)
1 TMPn operation enabled. TMPn operation start
TPnCKS2| TPNnCKS1| TPnCKS0 Internal count clock selection
0 0 0 fxx
0 0 1 fxx/2
0 1 0 fxx/4
0 1 1 fxx/8
1 0 0 fxx/16
1 0 1 fxx/32
1 1 0 fxx/64
1 1 1 fxx/128

Note The TPnOPTO.TPnOVF bit and 16-bit counter are reset simultaneously. Moreover, timer outputs
(TOPOO, TOPO1, TOP21, and TOP31 pins) are reset to the TPmMIOCO register set status at the same time
as the 16-bit counter is reset.

Cautions 1. Set the TPnCKS2 to TPnCKSO0 bits when the TPnCE bit = 0.
When the value of the TPnCE bit is changed from 0 to 1, the TPnCKS2 to TPnCKSO0 bits can
be set simultaneously.
2. Be sure to clear bits 3 to 6 to “0”.

Remark fxx: Peripheral clock
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(2) TMPn control register 1 (TPnCTL1)
The TPnCTL1 register is an 8-bit register that controls the TMPn operation.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

(1/2)

Afterreset: 00H ~ R/W  Address: TPOCTL1 FFFFF641H, TP1CTL1 FFFFF661H,
TP2CTL1 FFFFF681H, TP3CTL1 FFFFFBATH

7 6 5 4 3 2 1 0
TPNCTL1  |TPISYE™™'[TPmEST"*?| TPKEEE™™| 0 | 0 | TPnMD2 | TPnMD1 | TPnMDO |
(n=0t03
m :202’26; TPSYE™™! Operation mode selection
0 TMP1 single mode
1 Tuning operation mode (see 9.4.5)

TMP1 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 TMQ1.

TPmEST'"*2 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 TPmEST bit as the
trigger.

o In external trigger pulse output mode:
A PWM waveform is output with writing 1 to the TPmEST bit as the
trigger.

Read value of the TPmEST bit is always 0.

TPKEEE™"? Count clock selection

0 Disable operation with external event count input (TIPkO pin).
(Perform counting with the count clock selected by the
TPKCTLO.TPKCKSO to TPKCTLO.TPkCKS2 bits.)

1 Enable operation with external event count input (TIPkO pin)
(Perform counting at the valid edge of the external event count input
signal.)

Note 4

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

Notes 1. This bit can only be set in TMP1. Be sure to clear bit 7 of TMPO, TMP2, and TMP3 to 0. For details
of tuning operation mode, sece CHAPTER 9 MOTOR CONTROL FUNCTION.
2. This bit can only be set in TMPO, TMP2, and TMP3. Be sure to clear bit 6 of TMP1 to 0.
3. This bit can only be set in TMPO and TMP2. Be sure to clear bit 5 of TMP1 and TMP3 to 0.
4. Set the valid edge selection of capture trigger input (TIPkO pin) to “No edge detection”.
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(2/2)

TPnMD2 | TPnMD1 | TPnMDO Timer mode selection“°*®

0 0 0 Interval timer mode

0 0 1 External event count mode

0 1 0 External trigger pulse output mode

0 1 1 One-shot pulse output mode

1 0 0 PWM output mode

1 0 1 Free-running timer mode

1 1 0 Pulse width measurement mode

1 1 1 Setting prohibited

Note The settings that can be realized differ from one channel to another. For details, see Tables 6-8 to 6-11.

Cautions 1. The TPmMEST 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 TPKEEE bit.
<R> 3. Set the TP1SYE, TPKEEE, and TPnMD2 to TPnMDO bits when the TPnCTLO.TPnCE bit = 0.
(The same value can be written when the TPnCE bit = 1.) The operation is not guaranteed
when rewriting is performed with the TPnCE bit = 1. If rewriting was mistakenly performed,
clear the TPnCE bit to 0 and then set the bits again.
4. Be sure to clear bits 3 and 4 to “0”.
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(3) TMPm 1/O control register 0 (TPmIOCO0)
The TPmIOCO register is an 8-bit register that controls the timer output (TOP00, TOPm1 pins).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

Remark TMP1 does not have the TP110CO register.
(1/2)

After reset: O0H R/W Address: TPOIOCO FFFFF642H, TP2I0CO FFFFF682H,
TP3IOCO FFFFF6A2H

5 4 3 <2> 1 <0>
TPmioco | o | o | o | o |TPmOL1|TPmOE1 [TPoOL0%|TPOOEGM |
(m=0,2,3)
TPmOLA1 TOPmM1 pin output level settingNote 2
0 TOPm1 pin starts output at high level.
1 TOPmM1 pin starts output at low level.
TPmMOEA1 TOPmM1 pin output setting

0 Timer output prohibited
e Low level is output from the TOPm1 pin when the TPmOL1 bit = 0.
e High level is output from the TOPm1 pin when the TPmOL1 bit = 1.

1 Timer output enabled (A pulse is output from the TOPm1 pin.)

TPOOLQNete ! TOPOO pin output level settingNete 2
0 TOPOO pin starts output at high level.

1 TOPOO pin starts output at low level.

TPOOEQNte TOPOO pin output setting

0 Timer output prohibited
e Low level is output from the TOPOO pin when the TPOOLO bit = 0.
o High level is output from the TOPOO pin when the TPOOLO bit = 1.

1 Timer output enabled (A pulse is output from the TOPOO pin.)

Notes 1. Valid only for TMPO. Be sure to clear bits 1 and 0 of TMP2 and TMP3 to 0.
2. The output level of the timer output pins (TOP00 and TOPm1) specified by the TPmOLa (a = 0, 1) bit
is shown below (a =0, 1).

e When TPmOLa bit =0 e When TPmOLa bit = 1
16-bit counter I J 16-bit counter I J
TPMCE bit +— TPmCE bit =

TOP0O0 and TOPm1 pinoutputs _ — ~ TOPO0O and TOPm1 pin outputs —] [~

Cautions 1. If the setting of the TPmIOCO register is changed when TOP00 and TOPm1 are set to 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.
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2/2)

Cautions 2. Rewrite the TPmOL1, TPmOE1, TPOOLO, and TPOOEOQ bits when the TPmCTLO.TPnCE bit = 0.
(The same value can be written when the TPmCE bit = 1.) If rewriting was mistakenly
performed, clear the TPmMCE bit to 0 and then set the bits again.

3. Even if the TPOOLO or TPmOL1 bit is manipulated when the TPmCE, TPOOEO, and TPmOE1
bits are 0, the output level of the TOP00 and TOPm1 pins changes.
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(4) TMPk /O control register 1 (TPkIOC1)
The TPKIOCH1 register is an 8-bit register that controls the valid edge for the capture trigger input signals

(TIPkO, TIPk1 pins).

This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

Remark TMP1 and TMP3 do not have the TP110C1 and TP3IOC1 registers.

After reset: 00H R/W Address: TPOIOC1 FFFFF643H, TP2I0C1 FFFFF683H
7 6 4 3 2 1 0
tPkoct [ o | o | o | o [ TPusa| TPusz | TPKSt | TPKISO |
(k=0,2)
TPKIS3 | TPkIS2 Capture trigger input signal (TIPk1 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
TPKkIS1 | TPkISO Capture trigger input signal (TIPkO pin) valid edge setting
0 0 No edge detection (capture operation invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

Cautions 1. Rewrite the TPkIS3 to TPkISO0 bits when the TPkCTLO.TPkCE bit = 0.

(The same value can be written when the TPkCE bit = 1.)

performed, clear the TPKCE bit to 0 and then set the bits again.

2. The TPkIS3 to TPkISO bits are valid only in the free-running timer mode (only when
TPnOPTO0.TPkCCS1 and TPnOPTO0.TPkCCSO0 bits = 11) and the pulse width measurement
mode. In all other modes, a capture operation is not possible (TMPO, TMP2 only).

If rewriting was mistakenly
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(5) TMPk /O control register 2 (TPkIOC2)
The TPKIOC2 register is an 8-bit register that controls the valid edge for the external event count input signal
(TIPkO pin) and external trigger input signal (TIPkO pin).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

Remark TMP1 and TMP3 do not have the TP110C2 and TP3IOC2 registers.

After reset: O0H R/W Address:  TPOIOC2 FFFFF644H, TP2I0C2 FFFFF684H

7 6 5 4 3 2 1 0
TPkoc2 | o | o | o | o [TPkEES1|TPKEESO|TPKETST|TPKETSO|
(k=0,2)

TPKEES1| TPKEESO| External event count input signal (TIPkO 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

TPKETS1| TPKETSO External trigger input signal (TIPkO 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 TPKEES1, TPKEESO, TPKETS1, and TPKETSO bits when the TPKkCTLO.TPKkCE bit
= 0. (The same value can be written when the TPkCE bit = 1.) If rewriting was mistakenly
performed, clear the TPKCE bit to 0 and then set the bits again.

2. The TPKEES1 and TPKEESO bits are valid only when the TPKCTL1.TPKEEE bit = 1 or when
the external event count mode (TPKCTL1.TPkMD2 to TPkCTL1.TPkMDO bits = 001) has
been set.

3. The TPKETS1 and TPKETSO bits are valid only in the external trigger pulse output mode or
one-shot pulse output mode.
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(6) TMPn option register 0 (TPNOPTO0)
The TPnOPTO 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.

Afterreset: 00H ~ R/W  Address:  TPOOPTO FFFFF645H, TP1OPTO FFFFFE65H,
TP20PTO FFFFF685H, TP3OPTO FFFFF6ASH

7 6 5 4 3 2 1 <0>
TPhOPTO | 0 | o |mccst{miceso] o | o | o | TPnOVF|
(n=0to 3,
k=0,2) |TPKCCSiNet TPKCCR1 register capture/compare selection
0 Compare register selected
1 Capture register selected (cleared by TPkCTLO.TPKCE bit = 0)

The TPkCCSH1 bit setting is valid only in the free-running timer mode.

TPKCCSONet TPKCCRO register capture/compare selection
0 Compare register selected
1 Capture register selected (cleared by TPkCTLO.TPkCE bit = 0)

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

TPnOVF TMPn overflow detection flag
Set (1) Overflow occurred
Reset (0) 0 written to TPnOVF bit or TPNCTLO.TPnCE bit = 0

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

e The TPnOVF bit is not cleared to 0 even when the TPnOVF bit or the TPNOPTO
register is read when the TPnOVF bit = 1.

» Before clearing the TPnOVF bit to 0 after generation of the INTTPnOV signal, be
sure to confirm (by reading) that the TPnOVF bit is set to 1.

e The TPnOVF bit can be both read and written, but the TPnOVF bit cannot be set
to 1 by software. Writing 1 has no effect on the operation of TMPn.

Note Valid only for TMPO and TMP2. Be sure to clear bits 5 and 4 of TMP1 and TMP3 to 0.

Cautions 1. Rewrite the TPKCCS1 and TPKCCSO0 bits when the TPKCE bit = 0. (The same value can be
written when the TPKCE bit = 1.) If rewriting was mistakenly performed, clear the TPkCE bit
to 0 and then set the bits again.

2. Be sure to clear bits 1 to 3,6, and 7 to “0”.

User's Manual U16910EJ4V1UD 151




CHAPTER 6 16-BIT TIMER/EVENT COUNTER P (TMP)

(7) TMPn capture/compare register 0 (TPnCCRO0)
The TPOCCRO and TP2CCRO registers are 16-bit registers that can be used as capture registers or compare
registers depending on the mode. The TP1CCRO and TP3CCRO registers are 16-bit registers that can only be
used as compare registers.
The TPOCCRO and TP2CCRO registers can be used as a capture register or a compare register only in the
free-running timer mode, depending on the setting of the TPOOPTO.TPOCCSO0 or TP20PT0.TP2CCSO bit. In
the pulse width measurement mode, the TPnCCRO register can be used only as a capture register. In any
other mode, this register can be used only as a compare register.
The TPnCCRO register can be read or written during operation.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

After reset: 0000H R/W Address:  TPOCCRO FFFFF646H, TP1CCRO FFFFF666H,
TP2CCRO FFFFF686H, TP3CCRO FFFFF6AGH
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
woccro | | | | 0 ] T [ LT
(n=01t03)
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(a) Function as compare register
The TPnCCRO register can be rewritten even when the TPnCTLO.TPnCE bit = 1.
The set value of the TPnCCRO register is transferred to the CCRO buffer register. When the value of the
16-bit counter matches the value of the CCRO buffer register, a compare match interrupt request signal
(INTTPnCCO) is generated. If TOPOO pin output is enabled at this time, the output of the TOPOO pin is
inverted (TOP10, TOP20, and TOP30 pins are not provided in the VB50ES/IK1).
When the TPnCCRO register is used as a cycle register in the interval timer mode, external event count
mode, external trigger pulse output mode, one-shot pulse output mode, or PWM output mode, the value of
the 16-bit counter is cleared (0000H) if its count value matches the value of the CCRO buffer register.
The compare register is not cleared by the TPnCTLO.TPnCE bit = 0.

(b) Function as capture register (TPOCCRO0 and TP2CCRO registers only)
When the TPkCCRO 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 TPkCCRO register if the valid edge of the capture trigger input pin
(TIPkO pin) is detected. In the pulse width measurement mode, the count value of the 16-bit counter is
stored in the TPkCCRO register and the 16-bit counter is cleared (0000H) if the valid edge of the capture
trigger input pin (TIPKO pin) is detected.
Even if the capture operation and reading the TPKCCRO register conflict, the correct value of the TPkCCRO
register can be read.
The capture register is cleared by the TPkCTLO.TPkCE bit = 0.

Remark k=0,2

The following table shows the functions of the capture/compare register in each mode, and how to write data to
the compare register.

Table 6-4. Function of Capture/Compare Register in Each Mode and How to Write Compare Register

Operation Mode Capture/Compare Register How to Write Compare Register

Interval timer Compare register Anytime write

External event counter™™®" Compare register Anytime write

External trigger pulse output™** Compare register Batch write"**

One-shot pulse output***? Compare register Anytime write

PWM output**°® Compare register Batch write"**

Free-running timer Capture/compare register Anytime write

Pulse width measurement"*" Capture register None

Notes 1. TMPO and TMP2 only
2. TMPO and TMP2 only (also TMP3 in software trigger mode)
3. TMPO, TMP2, and TMP3 only
4. Writing to the TPnCCR1 register is the trigger.

Remark For anytime write and batch write, see 6.6 (2) Anytime write and batch write.
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(8) TMPn capture/compare register 1 (TPnCCR1)
The TPOCCR1 and TP2CCR1 registers are 16-bit registers that can be used as capture registers or compare
registers depending on the mode. The TP1CCR1 and TP3CCR1 registers are 16-bit registers that can only be
used as compare registers.
The TPOCCR1 and TP2CCR1 registers can be used as a capture register or a compare register only in the
free-running timer mode, depending on the setting of the TPOOPTO.TPOCCS1 or TP20PT0.TP2CCS1 bit. In
the pulse width measurement mode, the TPnCCR1 register can be used only as a capture register. In any
other mode, this register can be used only as a compare register.
The TPnCCR1 register can be read or written during operation.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

After reset: 0000H R/W Address:  TPOCCR1 FFFFF648H, TP1CCR1 FFFFF668H,
TP2CCR1 FFFFF688H, TP3CCR1 FFFFF6ASH
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
wocert | | [ [ 0 ] L [T LT
(n=01t03)
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(a) Function as compare register
The TPnCCR1 register can be rewritten even when the TPnCTLO.TPnCE bit = 1.
The set value of the TPnCCR1 register is transferred to the CCR1 buffer register. When the value of the
16-bit counter matches the value of the CCR1 buffer register, a compare match interrupt request signal
(INTTPnCC1) is generated. If TOPm1 pin output is enabled at this time, the output of the TOPm1 pin is
inverted (the TOP11 pin is not provided in the V8B50ES/IK1).
The compare register is not cleared by the TPnCTLO.TPnCE bit = 0.

Remark m=0,2,3

(b) Function as capture register (TPOCCR1 and TP2CCR1 registers only)
When the TPKCCR1 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 TPkCCR1 register if the valid edge of the capture trigger input pin
(TIPk1 pin) is detected. In the pulse width measurement mode, the count value of the 16-bit counter is
stored in the TPkCCR1 register and the 16-bit counter is cleared (0000H) if the valid edge of the capture
trigger input pin (TIPk1 pin) is detected.
Even if the capture operation and reading the TPKCCR1 register conflict, the correct value of the TPkCCR1
register can be read.
The capture register is cleared by the TPKCTLO.TPKCE bit = 0.

Remark k=0,2

The following table shows the functions of the capture/compare register in each mode, and how to write data to
the compare register.

Table 6-5. 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. TMPO and TMP2 only
2. TMPO and TMP2 only (also TMP3 in software trigger mode)
3. TMPO, TMP2, and TMPS3 only
4. Writing to the TPnCCR1 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) TMPn counter read buffer register (TPNnCNT)
The TPnCNT register is a read buffer register that can read the count value of the 16-bit counter.
If this register is read when the TPnCTLO.TPnCE bit = 1, the count value of the 16-bit counter can be read.
This register is read-only, in 16-bit units.
The value of the TPNCNT register is cleared to 0000H when the TPnCE bit = 0. If the TPnCNT register is read
at this time, the value of the 16-bit counter (FFFFH) is not read, but 0000H is read.
The value of the TPnCE bit is cleared to 0 after reset, and the TPNnCNT register is cleared to 0000H.

After reset: 0000H R Address: TPOCNT FFFFF64AH, TP1CNT FFFFF66AH,
TP2CNT FFFFF68AH, TP3CNT FFFFF6AAH
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L L A O N O N e
(n=01t0 3)
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6.5 Timer Output Operations

The following table shows the operations and output levels of the TOP00 and TOPm1 pins.

Table 6-6. Timer Output Control in Each Mode

Operation Mode TOPm1 Pin TOPOO 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 m=0,2,3

Table 6-7. Truth Table of TOP00 and TOPm1 Pins Under Control of Timer Output Control Bits

TPmIOCO0.TPmOLa Bit | TPmIOCO0.TPmOEa Bit TPmCTLO.TPmCE Bit

Level of TOPma 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 a=0,1whenm=0
a=1whenm=2,3
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6.6 Operation

The functions of TMPn that can be realized differ from one channel to another. The functions of each channel are

shown below.

Table 6-8. TMPO Specifications in Each Mode

Operation

TPOCTL1.TPOEST Bit
(Software Trigger Bit)

TIPOO Pin (External
Trigger Input)

Capture/Compare
Register Setting

Compare Register
Write Method

Interval timer mode Invalid Invalid Compare only Anytime write
External event count mode"*’ Invalid Invalid Compare only Anytime write
External trigger pulse output Valid Valid Compare only Batch write
mode™*?

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 TIPOO pin capture trigger input valid edge selection
to “No edge detection”. (Clear the TPOIOC1.TP0IS1 and TPOIOC1.TPOISO 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 TPOCTL1.TPOEEE bit

to 0).

Remark
trigger input.

Table 6-9. TMP1 Specifications in Each Mode

The TIPOO pin functions alternately as a capture trigger input, external event count input, and external

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 | None
One-shot pulse output mode None
PWM output mode None
Free-running timer mode Invalid Invalid Compare only Anytime write
Pulse width measurement mode None

Remarks 1. TMP1 does not have timer input pins (TIP10, TIP11) and timer output pins (TOP10, TOP11). It has
interrupt request signals (INTTP1CCO, INTTP1CC1) indicating a match between the value of the 16-
bit counter and the values of the TP1CCRO and TP1CCR1 registers.

2. TMP1 has a function to execute tuning with TMQ1.
CONTROL FUNCTION.
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Table 6-10. TMP2 Specifications in Each Mode

Operation TP2CTL1.TP2EST Bit | TIP20 Pin (External Capture/Compare Compare Register
(Software Trigger Bit) Trigger Input) Register Setting Write Method

Interval timer mode Invalid Invalid Compare only Anytime write
External event count mode™*’ Invalid Invalid Compare only Anytime write
External trigger pulse output Valid Valid Compare only Batch write
mode™**?

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 TIP20 pin capture trigger input valid edge selection

to “No edge detection”. (Clear the TP2I0C1.TP2IS1 and TO2I0C1.TP2ISO bits to 00.)
2. 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 TP2CTL1.TP2EEE bit to 0).

Remark
trigger input.

Table 6-11. TMP3 Specifications in Each Mode

The TIP20 pin functions alternately as a capture trigger input, external event count input, and external

Operation

TP3CTL1.TP3EST Bit
(Software Trigger Bit)

External Trigger
Input

Capture/Compare
Register Setting

Compare Register
Write Method

Interval timer mode Invalid Invalid Compare only Anytime write
External event count mode None

External trigger pulse output Valid Invalid Compare only Batch write
mode"*

One-shot pulse output mode™™ Valid Invalid Compare only Anytime write
PWM output mode Invalid Invalid Compare only Batch write
Free-running mode Invalid Invalid Compare only Anytime write
Pulse width measurement mode None

Note When using the external trigger pulse output mode, one-shot pulse output mode, an external trigger cannot
be input. Only a software trigger (set by the TP3CTL1.TP3EST bit) can be used.

Remark TMP3 does not have timer input pins (TIP30, TIP31) and timer output pin (TOP30). The match interrupt
request signals (INTTP3CCO, INTTP3CC1) of the 16-bit counter and the TP3CCRO and TP3CCR1
registers are provided.
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(1) Basic counter operation

160

This section explains the basic operation of the 16-bit counter. For details, refer to the description of the

operation in each mode.

Remark n=0t03

(@)

(b)

(c)

(d)

k=0,2

Counter start operation
¢ In external event count mode
When the TPKCTLO.TPKCE 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 (TIPKO) 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 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 INTTPnCCO and INTTPnCC1 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 TPnOPTO.TPnOVF bit is set to 1
and an interrupt request signal (INTTPnQOV) is generated. Note that the INTTPnOV signal is not generated
under the following conditions.

e Immediately after a counting operation has been started

e 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 (INTTPnOV) has been generated, be sure to
check that the overflow flag (TPnOVF bit) is set to 1.

Counter read operation during counting operation

The value of the 16-bit counter of TMPn can be read by using the TPnCNT register during the count
operation. When the TPnCTLO.TPnCE bit = 1, the value of the 16-bit counter can be read by reading the
TPnCNT register. However, when the TPnCE bit = 0, the 16-bit counter is FFFFH and the TPnCNT
register is 0000H.
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(e) Interrupt operation
TMPn generates the following three types of interrupt request signals.

e INTTPnCCO interrupt: This signal functions as a match interrupt request signal of the CCRO buffer
register and as a capture interrupt request signal to the TPnCCRO register.

¢ INTTPnCCH1 interrupt: This signal functions as a match interrupt request signal of the CCR1 buffer
register and as a capture interrupt request signal to the TPNnCCR1 register.

¢ INTTPNnOV interrupt:  This signal functions as an overflow interrupt request signal.

(2) Anytime write and batch write
The TPnCCRO and TPnCCR1 registers in TMPn can be rewritten during timer operation (TPnCTLO.TPnCE bit
= 1), but the write method (anytime write, batch write) of the CCRO and CCR1 buffer registers differs
depending on the mode.

(a) Anytime write
In this mode, data is transferred at any time from the TPnCCRO and TPnCCR1 registers to the CCRO and
CCR1 buffer registers during timer operation (n = 0 to 3).

Figure 6-5. Flowchart of Basic Operation for Anytime Write

( START )

Initial settings

o Set values to TPnCCRa register
e Timer operation enable
(TPnCE bit = 1)
— Transfer values of TPNnCCRa
register to CCRa buffer
register

TPnCCRa register rewrite
— Transfer to CCRa buffer register

Timer operation
e Match between 16-bit counter — INTTPnCC1 signal output
and CCR1 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 value of the 16-bit counter and the value of
the CCR1 buffer register. It is cleared upon a match between the value of the 16-bit counter and the
value of the CCRO bulffer register.

INTTPnCCO signal output

Remarks 1. The above flowchart illustrates an example of the operation in the interval timer mode.
2. n=0t03,a=0, 1
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Figure 6-6. Timing of Anytime Write

Remarks 1.

2.
3.

TPnCE bit =1
FFFFH Dot Doi
Doz
16-bit counter D11 D11 D12/ Dz -
0000H
TPNnCCRO register Dor X Do
I [ [ [ )T 1
CCRO buffer register OOOOHX Do+ X Do2
TPnCCRH1 register D11 X D12
b [ [J T [ 1
CCR1 buffer register  0000H X D11 X D12
INTTPNnCCO signal

INTTPnCC1 signal

Do1, Do2: Setting values of TPnCCRO register

D11, D12: Setting values of TPNCCR1 register

The above timing chart illustrates an example of the operation in the interval timer mode.
n=0to3
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(b) Batch write
In this mode, data is transferred all at once from the TPmCCRO and TPmCCR1 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
TPmCCR1 register.
Whether to enable or disable the next transfer timing is controlled by writing or not writing to the TPmCCR1
register.
In order for the setting value when the TPmCCRO and TPmCCR1 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
CCRH1 buffer registers), it is necessary to rewrite the TPmCCRO register and then write to the TPmCCR1
register before the 16-bit counter value and the CCRO buffer register value match. Therefore, the values of
the TPmCCRO and TPmCCR1 registers are transferred to the CCR0O and CCR1 buffer registers upon a
match between the count value of the 16-bit counter and the value of the CCRO buffer register. Thus even
when wishing only to rewrite the value of the TPmCCRO register, also write the same value (same as
preset value of the TPmCCR1 register) to the TPmCCR1 register.
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Figure 6-7. Flowchart of Basic Operation for Batch Write

‘ START )

Initial settings

|
* Set values to TPmCCRa register
» Timer operation enable (TPmCE
bit = 1)
— Transfer values of TPmCCRa
register to CCRa buffer
register

TPmCCRO register rewrite

TPmCCRT1 register rewrite — Batch write enable

|

Timer operation

e Match between 16-bit counter
and CCR1 buffer registerNete

e Match between 16-bit counter —— INTTPmCCO signal output
and CCRO buffer register

e 16-bit counter clear & start

¢ Transfer of values of TPmCCRa
register to CCRa buffer register

INTTPmMCCH1 signal output

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

Caution Writing to the TPmCCR1 register includes enabling of batch write. Thus, rewrite the TPmCCR1
register after rewriting the TPmCCRO register.

Remarks 1. The above flowchart illustrates an example of the operation in the PWM output mode.
2. m=0,2,3
a=0,1
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Figure 6-8. Timing of Batch Write

TPmCE bit = 1
FFFFH Do o
03
Di1 / Doz Doz 1
16-bit counter D‘Z/ D1z / Diz / D1z
0000H
TPmMCCRO register Do+ X Do2 Dos

1]

XV

CCRO buffer register OOOOHX' Dot Doz 03
Note 1 - Note 1
‘ ‘ | \ | ﬁSame value write |
TPmMCCRH register D1 XNote 2 Dro X Note 3 Dr2
) 1 1] R |
CCR1 buffer register 0000H D11 X' Die ! D1z
Note 1 Note 1
INTTPmCCO signal i

INTTPmCC1 signal

TOPOO pin output

TOPO1 pin output

Notes 1. Because the TPmCCR1 register was not rewritten, Dos is not transferred.

2. Because the TPmCCR1 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 TPmCCRO

register (Do1).

3. Because the TPmMCCRI1 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 TPmCCRO

register (Do2).

Remarks 1. Do1, Doz, Dos: Setting values of TPmCCRO register
D11, D12: Setting values of TPmCCR1 register

2. The above timing chart illustrates an example of the operation in the PWM output mode.

3. m=0,2,3
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6.6.1 Interval timer mode (TPnMD2 to TPnMDO bits = 000)

In the interval timer mode, an interrupt request signal (INTTPnCCO) is generated at the interval set by the
TPnCCRO register if the TPnCTLO.TPnCE 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 TOPOO pin (TMPO only).

The TPnCCR1 register is not used in the interval timer mode. However, the set value of the TPnCCR1 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 (INTTPnCC1) is generated. In addition, a PWM waveform
with a duty factor of 50%, which is inverted when the INTTPmCC1 signal is generated, can be output from the TOPm1
pin.

The value of the TPNCCRO and TPnCCR1 registers can be rewritten even while the timer is operating.

Remark m=0,2,3

Figure 6-9. Configuration of Interval Timer

Clear

Count clock . Output .
selection = 16-bit counter controller © TOPOO pin

Match signal
{} afch signa INTTPNCCO signal

{}

TPnCE bit CCRO buffer register

il

TPnCCRO register

Remark n=0t03

Figure 6-10. Basic Timing of Operation in Interval Timer Mode

FFFFH

16-bit counter

0000H

TPnCE bit
TPnCCRO register:x Do

TOPOQO pin output

INTTPnCCO signal

Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1)

Remark n=0t03
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When the TPnCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0000H in synchronization
with the count clock, and the counter starts counting. At this time, the output of the TOPOO pin is inverted.
Additionally, the set value of the TPNCCRO register is transferred to the CCRO buffer register.

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

The interval can be calculated by the following expression.

Interval = (Set value of TPNCCRO register + 1) x Count clock cycle
Remark n=0to3

Figure 6-11. Register Setting for Interval Timer Mode Operation (1/3)

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPnCKS2 TPNCKS1 TPnCKS0
TPNnCTLO | 0/1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 |
| |

— Select count clock

0: Stop counting
1: Enable counting

(b) TMPn control register 1 (TPnCTL1)

TP1SYE TPmEST TPKEEE TPnMD2 TPnMD1 TPnMDO
<R> TPnCTL1| 0 ‘ 0 ‘ 0/qNote

o | o [ o of o]

0,0, 0:
Interval timer mode

0: Operate at count clock
selected in TPKCKSO to
TPkCKS2 bits

1: Count operation
by external event
count input signal

<R> Note Enable setting of the TPKEEE bit to 1 only when timer output (TOPk1) is used.
In this case, set the TPkCCRO and TPKCCRH1 registers to the same value.
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Figure 6-11. Register Setting for Interval Timer Mode Operation (2/3)

(c) TMPm I/O control register 0 (TPmIOCO0)

TPmOL1 TPmOE1 TPOOLO TPOOEO

TPmIOCOlO‘0‘0‘0‘0/1‘0/1‘0/1‘0/1'

0: Disable TOPOO pin output
1: Enable TOPOO pin output

Setting of TOPOO pin output
level before count operation
0: Low level
1: High level

0: Disable TOPm1 pin output
1: Enable TOPm1 pin output

Setting of TOPm1 pin output
level before count operation

0: Low level
1: High level
(d) TMPk I/O control register 2 (TPkIOC2)
TPKEES1 TPKEESO TPKETS1 TPKETSO
TPKkIOC2 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1Note 0/1Nete 0 ‘ 0 |
L]
Selection of valid edge of external
event count input (TIPkO pin)
Note Enable setting of the TPKEES1 and TPKEESO bits only when timer output (TOPk1) is used.
In this case, set the TPKCCRO and TPkCCR1 registers to the same value.
(e) TMPn counter read buffer register (TPnCNT)
By reading the TPnCNT register, the count value of the 16-bit counter can be read.
(f) TMPn capture/compare register 0 (TPnCCRO0)
If the TPNCCRO register is set to Do, the interval is as follows.
Interval = (Do + 1) x Count clock cycle
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Figure 6-11. Register Setting for Interval Timer Mode Operation (3/3)

(g) TMPn capture/compare register 1 (TPnCCR1)

The TPNCCRH1 register is not used in the interval timer mode, but the set value of the TPnCCR1 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 TOPm1 pin output is inverted and a compare match interrupt request
signal (INTTPnCC1) is generated.

By setting this register to the same value as the value set in the TPmCCRO register, a PWM waveform
with a duty factor of 50% can be output from the TOPm1 pin.

When the TPnCCR1 register is not used, it is recommended to set its value to FFFFH. Also mask the
register by the interrupt mask flag (TPnCCIC1.TPnCCMK1).

<R> Remarks 1. TMPk I/O control register 1 (TPkIOC1) and TMPn option register 0 (TPnOPTO) are not
used in the interval timer mode.

2. n=0to0 3,
m=0,2,3
k=0,2
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CHAPTER 6

16-BIT TIMER/EVENT COUNTER P (TMP)

(1) Interval timer mode operation flow

Figure 6-12. Software Processing Flow in Interval Timer Mode (1/2)

FFFFH

16-bit counter Do—r— Do —— Do——r—
0000H
TPnCE bit
TPnCCRO register :X Do

TOPOO pin output

INTTPnCCO signal

<1>

<1> Count operation start flow

C s )

<2>

Register initial setting
TPnCTLO register
(TPnCKSO0 to TPnCKS2 bits)
TPnCTL1 register,
TPmIOCO register,
TPKIOC2 register°t,
TPnCCRO register

Initial setting of these registers is performed
before setting the TPnCE bit to 1.

TPnCE bit =1

The TPNCKSO to TPnCKS2 bits can be
set at the same time when counting has
been started (TPnCE bit = 1).

Note Enable setting of the TPKEES1 and TPKEESO bits only when timer output (TOPk1) is used.

In this case, set the TPKCCRO and TPkCCR1 registers to the same value.

Remark n=0t03

m=0,2,3
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Figure 6-12. Software Processing Flow in Interval Timer Mode (2/2)

<2> Count operation stop flow

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

The output level of the TOPOO pin is as
specified by the TPmIOCO register.
C sToP >
Remark n=0to3

m=0,2,3

(2) Interval timer mode operation timing

(a) Operation if TPNCCRO register is set to 0000H
If the TPNCCRAO register is set to 0000H, the INTTPnCCO signal is generated at each count clock, and the
output of the TOPOO pin is inverted.
The value of the 16-bit counter is always 0000H.

Count clock
16-bit counter FFFFH 0000H 0000H 0000H 0000H

TPnCE bit

TPnCCRO register 0000H
TOPOO pin output
INTTPNCCO signal

Interval time Interval time Interval time
Count clock cycle | Count clock cycle | Count clock cycle

Remark n=0t03
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(b) Operation if TPNCCRO register is set to FFFFH

If the TPNCCRO register is set to FFFFH, the 16-bit counter counts up to FFFFH. The counter is cleared to
0000H in synchronization with the next count-up timing. The INTTPnCCO signal is generated and the
output of the TOPOQO pin is inverted. At this time, an overflow interrupt request signal (INTTPnOV) is not

generated, nor is the overflow flag (TPNnOPTO.TPnOVF bit) set to 1.

FFFFH

16-bit counter

0000H

TPnCE bit J

TPnCCRO register

TOPOO pin output

INTTPNnCCO signal

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

Remark n=0t03

count clock cycle

count clock cycle

count clock cycle
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(c) Notes on rewriting TPnCCRO register
If the value of the TPNnCCRO 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 D2—— D2——

0000H

TPnCE bit J

TPnCCRO register D1 D2

TPOOLO bit L

TOPOO pin output

‘

INTTPnCCO 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=0t03

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

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

Therefore, the INTTPnCCO 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 TPNCCR1 register

Figure 6-13. Configuration of TPNnCCR1 Register

Count clock
selection

TPnCCR1 register

iy

—=O TOPm1 pin

INTTPnCC1 signal

. Output
CCR1 buffer register controller
{} Match signal
Clear
. Output
16-bit counter controller

—=(©) TOPOO pin

INTTPnCCO signal

{} Match signal
{}

TPnCE bit

CCRO buffer register

Remark n=0t03

m=0,2,3

i

TPnCCRO register
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When the TPNnCCR1 register is set to the same value as that of the TPnCCRO register, the INTTPnCC1
signal is generated at the same timing as the INTTPnCCO signal and the TOPm1 pin output is inverted. In
other words, a PWM waveform with a duty factor of 50% can be output from the TOPm1 pin.

The following shows the operation when the TPNnCCR1 register is set to other than the value set in the
TPnCCRO register.

If the set value of the TPnCCR1 register is less than the set value of the TPnCCRO register, the
INTTPnCC1 signal is generated once per cycle. At the same time, the output of the TOPm1 pin is
inverted.

The TOPm1 pin outputs a PWM waveform with a duty factor of 50% after outputting a short-width pulse.

Figure 6-14. Timing Chart When Do1 > D11

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

0000H

TPnCE bit J

TPnCCRO register Dot

TOPOO pin output

INTTPnCCO signal —| —| —| —|

TPnCCR1 register D

TOPmM1 pin output

INTTPnCC1 signal —| —| —| —|

Remark n=0t03
m=20,2,3
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If the set value of the TPnCCR1 register is greater than the set value of the TPnCCRO register, the count

value of the 16-bit counter does not match the value of the TPnCCR1 register.
INTTPnCC1 signal is not generated, nor is the output of the TOPm1 pin changed.
When the TPnCCR1 register is not used, it is recommended to set its value to FFFFH.

Figure 6-15. Timing Chart When Do1 < D11

Consequently, the

FFFFH

16-bit counter

0000H

TPnCE bit

TPnCCRO register

TOPOO pin output

INTTPnCCO signal

TPnCCRH1 register

TOPmM1 pin output

INTTPnCC1 signal

_

Remark n=0t0o3
m=0,2,3

176

User’'s Manual U16910EJ4V1UD




<R>

CHAPTER 6 16-BIT TIMER/EVENT COUNTER P (TMP)

(3) Operation by external event count input (TIPkO0)

(a) Operation
To count the 16-bit counter at the valid edge of external event count input (TIPkO) in the interval timer
mode, clear the 16-bit counter from FFFFH to 0000H at the valid edge of the first external event count
input after the TPkCE bit is set from 0 to 1.
When both the TPkCCRO0 and TPkCCR1 registers are set to 0001H, the TOPk1 pin output is inverted each
time the 16-bit counter counts twice.
The TPKCTL1.TPKEEE bit can be set to 1 in the interval timer mode only when the timer output (TOPk1) is
used with the external event count input.

FFFFH

0001H 0001H 0001H

16-bit counter

0000H —

TPkCE bit

External event count input J ‘;/ {

(TIPkO pin input)

TPKCCRO register 0001H 0001H 0001H

TPKCCRI1 register 0001H 0001H 0001H

TOPK1 pin output

Remark k=0,2

2-count width

2-count width

2-count width

Number of external
events: 3

Number of external
events: 2

Number of external
events: 2
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6.6.2 External event count mode (TPkMD2 to TPkMDO bits = 001)

This mode is valid only in TMPO and TMP2.

In the external event count mode, the valid edge of the external event count input (TIPkO) is counted when the
TPkCTLO.TPkCE bit is set to 1, and an interrupt request signal (INTTPkCCO) is generated each time the number of

<R> edges set by the TPKCCRO register have been counted. The TOP00 and TOPk1 pins cannot be used. When using

the TOPk1 pin in the external event count input mode, set the TPkCTL1.TPkEEE bit to 1 in the interval timer mode
(see 6.6.1 (3) Operation by external event count input (TIPkO)).

The TPKCCR1 register is not used in the external event count mode.

Caution In the external event count mode, the TPKCCRO and TPkCCR1 registers must not be cleared to
0000H.

Figure 6-16. Configuration in External Event Count Mode

Clear

TIPKO pin Edge
(external event O— detector >—* 16-bit counter

count input)

Match signal
{} atch signa INTTPKCCO signal

TPKCE bit CCRO buffer register

Tt

TPKCCRO register

Remark k=0,2
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Figure 6-17. Basic Timing in External Event Count Mode

FFFFH

16-bit counter

0000H

TPKCE bit

TPkCCRO register

INTTPkCCO signal

T
K \
\

\

Do Do ," “\ Do
; ': 16-bit counter Do — 1 X Do X 0000 X 0001
; . External event
' count input | | | | | |
[E— ' H (TIPKO pin input)
x Do’ ; TPKCCRO register Do
1 ; 1 ; | INTTPKCCO signal |
External | External \"I/External
event event event
count count count
(Do)Nete (Do+1) (Do+1)

Note In the external event count mode, when the TPkCTLO.TPkCE bit is set to 1 (operation starts), the
16-bit counter is cleared from FFFFH to 0000H at the same time. The first count operation starts
from the 0001H every time the valid edge of the external event count input is detected.

Therefore, the count of the first count operation is one number smaller than the count of second
or subsequent count operation.

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. k=

0,2
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When the TPkCE 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 TPkCCRO
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 (INTTPkCCO) is generated.

The INTTPKCCO signal is generated for the first time when the valid edge of the external event count input has
been detected “value set to TPKkCCRO register” times. After that, the INTTPKCCO signal is generated each time the
valid edge of the external event count has been detected “value set to TPKCCRO register + 1” times.

Figure 6-18. Register Setting for Operation in External Event Count Mode (1/2)

(a) TMPk control register 0 (TPKCTLO)

TPKCE TPKCKS2 TPkCKS1 TPkCKSO
TPKCTLO | 01 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 |

‘ 0: Stop counting
1: Enable counting

(b) TMPk control register 1 (TPKCTL1)

TPKEST TPKEEE TPKMD2 TPKMD1 TPKMDO
TPkCTL1|O‘O‘O‘O‘O‘O‘O‘1|

0,0, 1:
External event count mode

(c) TMPk I/O control register 2 (TPkIOC2)

TPKEES1 TPKEESO TPKETS1 TPKETSO
TPkIOCZlO‘O‘O‘O‘Oﬁ‘ON‘ o‘ol

Select valid edge
of external event
count input (TIPkO pin)

(d) TMPk counter read buffer register (TPKCNT)
The count value of the 16-bit counter can be read by reading the TPKCNT register.

(e) TMPk capture/compare register 0 (TPkCCRO)
If the TPkCCRO register is set to Do, the count is cleared when the number of external event counts has
reached (Do) and the first compare match interrupt request signal (INTTPkCCO) is generated. The
second compare match interrupt request signal (INTTPkCCO) is generated when the number of
external event counts has reached (Do + 1).
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Figure 6-18. Register Setting for Operation in External Event Count Mode (2/2)

(f) TMPk capture/compare register 1 (TPkCCR1)
The TPkCCR1 register is not used in the external event count mode, but the set value of the TPKCCR1
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 (INTTPkCC1) is
generated.
When the TPKCCR1 register is not used, it is recommended to set its value to FFFFH. Also mask the
register by the interrupt mask flag (TPkCCIC1.TPKCCMK1).

<R> Cautions 1. Set the TPkIOCO register to 00H.
<R> 2. When an external clock is used as the count clock, the external clock can be input
only from the TIPkO pin. At this time, set the TPkIOC1.TPkIS1 and TPkIOC1.TPkISO

bits to 00 (capture trigger input (TIPkO pin): no edge detection).

Remarks 1. TMPk I/O control register 1 (TPkIOC1) and TMPk option register 0 (TPKOPTO) are not
used in the external event count mode.
2. k=0,2
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(1) External event count mode operation flow

Figure 6-19. Flow of Software Processing in External Event Count Mode

FFFFH

16-bit counter

0000H

TPkCE bit

TPKCCRO register x Do

INTTPKCCO signal —| —| —|

<1> <2>

<1> Count operation start flow

Cor

Register initial setting Initial setting of these registers
TPKCTL1 register, is performed before setting the
TPkIOC2 register, TPKCE bit to 1.

TPkCCRO, TPkCCR1 registers

TPkCE bit = 1

<2> Count operation stop flow

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

=

Remark k=0,2
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(2) Operation timing in external event count mode

Cautions 1. In the external event count mode, the TPKkCCRO and TPkCCR1 registers must not be
cleared to 0000H.

2. In the external event count mode, use of the timer output (TOP00, TOPk1) is disabled. If
using timer output (TOPk1) with external event count input (TIPkO), set the interval timer
mode, and enable the count clock operation with the external event count input
(TPKCTL1.TPKEEE bit = 1) (see 6.6.1 (3) Operation by external event count input (TIPkO0)).

(a) Operation if TPKCCRO register is set to FFFFH
If the TPKkCCRO 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 INTTPkCCO signal is generated. At this time, the
TPKOPTO.TPkOVF bit is not set.

FFFFH

16-bit counter

0000H

TPkCE bit

TPkCCRO register FFFFH

INTTPkCCO signal —| —| —|

External event External event | External event
count: FFFFH count: 10000H | count: 10000H

Remark k=0,2
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(b) Notes on rewriting the TPKCCRO register
If the value of the TPKCCRO 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

TPKCE bit

TPkCCRO register D1 D2
INTTPKCCO signal —| —| —|

External event External event count (NG): |External event
count (1): (10000H + D2 + 1) count (2):
(D1) (D2 + 1)

Remark k=0,2

184

If the value of the TPkCCRO 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 TPKCCRO register
has been rewritten. Consequently, the value that is compared with the 16-bit counter is D2.

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

Therefore, the INTTPKCCO signal may not be generated at the valid edge count of “(D1 + 1) times” or “(D2
+ 1) times” originally expected, but may be generated at the valid edge count of “(10000H + D2 + 1) times”.
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(c) Operation of TPkCCR1 register

Figure 6-20. Configuration of TPkCCR1 Register

TPKCCR1 register

iy

CCR1 buffer register

@ Match signal INTTPKCC1 signal
Clear

TIPkO pin Edge
(external event O— 9 >— 16-bit counter

: detector
count input)

Match si I
& atch signa INTTPkCCO signal

{}

TPkCE bit CCRO buffer register

i

TPKCCRO register

Remark k=0,2

If the set value of the TPKCCR1 register is smaller than the set value of the TPKCCRO register, the
INTTPkCC1 signal is generated once per cycle.

Figure 6-21. Timing Chart When Do1 > D11

FFFFH

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

0000H

TPKCE bit

TPkCCRO register Dot

INTTPkCCO signal —| —| —| —|

TPKCCR1 register D11

INTTPkCCH1 signal —| —| —| —|

Remark k=0,2
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If the set value of the TPKCCR1 register is greater than the set value of the TPKCCRO register, the
INTTPKCC1 signal is not generated because the count value of the 16-bit counter and the value of the
TPKCCR1 register do not match.

When the TPKkCCR1 register is not used, it is recommended to set its value to FFFFH.

Figure 6-22. Timing Chart When Do1 < D11

FFFFH

16-bit counter

0000H

TPKCE bit

TPkCCRO register Dot

INTTPkCCO signal —| —| —| —|

TPKCCR1 register D

INTTPkCC1 signal L

Remark k=0,2
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6.6.3 External trigger pulse output mode (TPmMD2 to TPmMDO bits = 010)

This mode is valid only in TMPO, TMP2, and TMP3 (software trigger only for TMP3).

In the external trigger pulse output mode, 16-bit timer/event counter P waits for a trigger when the
TPmCTLO.TPmCE bit is set to 1. When the valid edge of an external trigger input (TIPkO) is detected, 16-bit
timer/event counter P starts counting, and outputs a PWM waveform from the TOPm1 pin.

Pulses can also be output by generating a software trigger instead of using the external trigger. When using a
software trigger, a PWM waveform with a duty factor of 50% that has the set value of the TPmCCRO register + 1 as
half its cycle can also be output from the TOPOO pin.

Figure 6-23. Configuration in External Trigger Pulse Output Mode

TIPKO pin** © Edge TPmMCCR1 register
(external trigger input) detector { } Transfer
L s Output
Software trigger CCR1 buffer register Rcontroller —© TOPm1 pin
generation (RS-FF)
L Metch signa ‘ INTTPMCCH1 signal
Count Clear |
clock
selection 1 Count Output
start [ 16-bit counter ] OubUl L 3 TOP0O pintete
controller
control
Match signal
{} 9 INTTPMCCO signal
TPmCE bit CCRO buffer register
{} Transfer
TPmCCRO register

Note Because the external trigger input pin (TIPk0) and timer output pin (TOPOO) function alternately,
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 TPKCTL1.TPKEEE bit to 0).

Remark m=0,2,3
k=0,2
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Figure 6-24. Basic Timing in External Trigger Pulse Output Mode

FFFFH
Do Do Do Do

16-bit counter Dr D1 Z D+ Z D+ Z

0000H

TPmCE bit

External trigger input
(TIPkO pin input)

TPmCCRO register x Do
INTTPmMCCO signal —l —l —l —l

TOPOO pin output
(only when using
software trigger)

TPmCCR1 register x D1
INTTPmMCCA1 signal —| —| —| —|

TOPmM1 pin output

Wait | Active level Active leve Active level
for |width (D1) width (D1) width (D1)
trigger
Cycle (Do+ 1) = Cycle (Do + 1) Cycle (Do + 1)

16-bit timer/event counter P waits for a trigger when the TPmCE 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 TOPm1 pin. If the trigger is generated again while the counter is operating, the counter is cleared to 0000H and
restarted. (The output of the TOPOO pin is inverted. The TOPm1 pin outputs 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 TPmCCR1 register) x Count clock cycle
Cycle = (Set value of TPmCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TPmCCR1 register)/(Set value of TPmCCRO register + 1)

The compare match interrupt request signal INTTPmMCCO 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 INTTPmMCC1 is generated when the count value of the 16-bit counter matches
the value of the CCR1 buffer register.

The value set to the TPmCCRa 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 (TIPkO) or setting the software trigger (TPMCTL1.TPmEST bit) to 1 is
used as the trigger.

Remark m=0,2,3
k=0,2
a=0,1
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Figure 6-25. Setting of Registers in External Trigger Pulse Output Mode (1/2)

(a) TMPm control register 0 (TPmCTLO)
TPmCE TPmMCKS2 TPmCKS1TPmMCKSO0

TPmCTLO|0/1‘O‘O‘O‘O‘OM‘OH‘OH'

Select count clock

0: Stop counting
1: Enable counting

(b) TMPm control register 1 (TPmCTL1)
TPmMEST TPKEEE TPmMD2 TPmMD1 TPmMDO

TPmCTL1|0‘0/1‘0‘0‘0‘0‘1‘O|

0,1,0:
External trigger pulse
output mode

0: Operate on count
clock selected by
TPkCKSO to TPkCKS2 bits

Generate software trigger
when 1 is written

(c) TMPm /O control register 0 (TPmIOCO0)
TPmOL1 TPmOE1 TPOOLO TPOOEO

TPmIOCOl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 01 ‘ 0/1 ‘ 0/qNete

0: Disable TOPOQO pin output
1: Enable TOPOQO pin output

Settings of TOPOO pin output level
in external trigger waiting state

0: Low level

1: High level

0: Disable TOPm1 pin output
1: Enable TOPm1 pin output

Settings of TOPm1 pin output level
in external trigger waiting state

0: Low level
1: High level
e When TPmOL1 bit=0 e When TPmOL1 bit = 1
16-bit counter —I/I/I/I/ 16-bit counter —I/I/I/I/
TOPm1pinoutput _ [— | L T L I TOPm1pinoutput —1__ [ 1T L I L

Note Clear this bit to 0 when the TOPOQO 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) TMPk I/O control register 2 (TPkIOC2)

TPKEES1 TPKEESO TPKETS1 TPKETSO
<R> TPkIOCZlO‘O‘O‘O‘O‘0‘0/1‘0/1'

Select valid edge of external
trigger input (TIPkO pin)

(e) TMPm counter read buffer register (TPmCNT)
The value of the 16-bit counter can be read by reading the TPmCNT register.

(f) TMPm capture/compare registers 0 and 1 (TPmCCR0 and TPmCCR1)
If Do is set to the TPmCCRO register and D1 to the TPmCCR1 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. TMPk 1/O control register 1 (TPkIOC1) and TMPm option register 0 (TPmOPTO) are not
used in the external trigger pulse output mode.
2. m=0,2,3
k=0,2
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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

0000H

TPmCE bit

External trigger input
(TIPKO pin input)

TPmMCCRO register
CCRO buffer register
INTTPmCCO signal
TOPOO pin output
(only when using
software trigger)
CCR1 buffer register

INTTPmCC1 signal

TOPmM1 pin output

Dot Dot Dot
Doo Doo D11 D11 Doo
Dio D1o Dio D1o

X Doo Dot Doo

X Doo X Dot Doo
X Dio D1o D11 X Do

X Dio X D1o X D11 Dio

<1> <2> <3> <4> <5>

Remark m=0,2,3
k=0,2
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Figure 6-26. Software Processing Flow in External Trigger Pulse Output Mode (2/2)

<1> Count operation start flow <3> TPmMCCRO, TPmCCR1 register
setting change flow
Only writing of the TPmCCR1
START | register must be performed when
‘ the set duty factor is changed.

When the counter is cleared after

Setting of TPMCCR1 register setting, the value of the
TPmCCRa register is transferred

Register initial setting Initial setting of these ‘ to the CCRa buffer register.
TPmCTLO register registers is performed !
(TPmCKSO to TPmCKS2 bits) | before setting the |
TPmCTLA1 register, TPmCE bitto 1.

TPmIOCO register,
TPKIOC2 register,
TPmCCRO register,

TPmCCR register <4> TPMCCRO, TPMCCRH register

setting change flow

The TPmCKSO0 to |
TPmMCKS?2 bits can be
set at the same time ‘

TPmCE bit = 1

when counting is When the counter is
enabled (TPMCE bit=1).|  getting of TPMCCRO register cleared after setting,
Trigger wait status the value of the TPmCCRa

register is transferred to
the CCRa buffer register.

Setting of TPmCCR1 register

<2> TPmCCRO and TPmCCR1 register

setting change flow <5> Count operation stop flow

| Writing same value

‘ (same as preset value of
the TPmCCR1 register) it =
Setting of TPmMCCRO register to the TPmCCR1 register TPmCE bit = 0
is necessary only when
the set cycle is changed.

When the counter is STOP
Settlng of TPmCCR1 register cleared after Setting‘
the value of the TPmCCRa

register is transferred to
! the CCRa buffer register.

Counting is stopped.

Remark m=0,2,3
k=0,2
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 TPmCCR1 register last.
Rewrite the TPMCCRa register after writing the TPmCCR1 register after the INTTPmCCO signal is
detected.

FFFFH

— D1 D11

16-bit counter Doo 4~ Doo 1~ Doo
D1o / D1o /| D1o /]

0000H

TPmCE bit

External trigger input
(TIPkO pin input)

TPmCCRO register X Doo X Do1

CCRO buffer register Doo Do1

INTTPmMCCO signal 1 1 1 1 1

TOPOQO pin output
(software trigger)

TPmMCCR1 register x D1o X D11

CCR1 buffer register D1o D11

INTTPmMCCH1 signal _| —| —| —| —|

TOPm1 pin output

Remark m=0,2,3
k=0,2
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194

In order to transfer data from the TPmCCRa register to the CCRa buffer register, the TPmCCR1 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
TPmCCRO register and then set the active level width to the TPmCCR1 register.

To change only the cycle of the PWM waveform, first set the cycle to the TPmCCRO register, and then
write the same value (same as preset value of the TPmCCR1 register) to the TPmCCR1 register.

To change only the active level width (duty factor) of the PWM waveform, only the TPmCCR1 register has
to be set.

After data is written to the TPmCCR1 register, the value written to the TPmCCRa 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 TPmCCRO or TPmCCR1 register again after writing the TPmCCR1 register once, do so after
the INTTPmMCCO signal is generated. Otherwise, the value of the CCRa buffer register may become
undefined because the timing of transferring data from the TPmCCRa register to the CCRa buffer register
conflicts with writing the TPmCCRa register.

Remark m=0,2,3
a=0,1

User’'s Manual U16910EJ4V1UD



CHAPTER 6 16-BIT TIMER/EVENT COUNTER P (TMP)

(b) 0%/100% output of PWM waveform

To output a 0% waveform, set the TPmCCR1 register to 0000H. The 16-bit counter is cleared to 0000H
and the INTTPmCCO and INTTPmMCC1 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
§

TPmCE bit J

External trigger input
(TIPKO pin input)

((
)]

(
)
{
i
{
)
{
)

TPmCCRO register Do Do Do
> )
) )]
TPmCCR1 register 0000H 0000H 0000H
{ {(
)] )]
[INote [[Note
INTTPMCCO signal " "
)] )]
[[Note [[Note
INTTPMCC1 signal

TOPm1 pin output L

Note Actually, the timing is delayed by one operating clock (fxx).

Remark m=0,2,3
k=0,2
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To output a 100% waveform, set a value of (set value of TPmCCRO register + 1) to the TPmCCR1 register.
If the set value of the TPmCCRO register is FFFFH, 100% output cannot be produced.

Count clock

16-bit counter

TPmCE bit

External trigger input
(TIPkO pin input)

TPmCCRO register

TPmMCCR1 register

FFFF

JEREREREpEgnpEgS

L

0000 x

L

0000 ::XD01X Do 0000X0001x ::XD01X Do
{(
)]

Do Do

Do + 1

Do + 1 Do + 1

'| Note

'| Note

INTTPmCCO signal M M
)] )]
INTTPmCCA1 signal L ¥ »
; |
TOPmM1 pin output
Note Actually, the timing is delayed by one operating clock (fxx).
Remark m=0,2,3
k=0,2
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(c) Conflict between trigger detection and match with CCR1 buffer register

If the trigger is detected immediately after the INTTPmCC1 signal is generated, the 16-bit counter is
immediately cleared to 0000H, the output signal of the TOPm1 pin is asserted, and the counter continues

counting. Consequently, the inactive period of the PWM waveform is shortened.

16-bit counter ~ FFFF

External trigger input
(TIPKO pin input)

CCR1 buffer register

INTTPmCC1 signal

TOPmM1 pin output

Remark m=0,2,3
k=0,2

0000 x

— )

D1

Shortened

If the trigger is detected immediately before the INTTPmCC1 signal is generated, the INTTPmMCC1 signal
is not generated, and the 16-bit counter is cleared to 0000H and continues counting. The output signal of
the TOPm1 pin remains active. Consequently, the active period of the PWM waveform is extended.

External trigger input
(TIPKO pin input)

16-bit counter  FFFF |[X 0000 x D1 —2X

[

X OOOOX 0001 X:::XE

CCR1 buffer register

D

INTTPmCC1 signal

TOPm1 pin output

Remark m=0,2,3
k=0,2

Extended
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(d) Conflict between trigger detection and match with CCRO buffer register
If the trigger is detected immediately after the INTTPmMCCO signal is generated, the 16-bit counter is
cleared to 0000H and continues counting up. Therefore, the active period of the TOPm1 pin is extended by
time from generation of the INTTPmMCCO signal to trigger detection.

16-bit counter ~ FFFF .0000 x Do -1 X Do |[X 0000 |[X 0000 X:

External trigger input
(TIPkO pin input)

CCRO buffer register B Do
)Y
INTTPmCCO signal . —l
)’
TOPmM1 pin output
Extended

Remark m=0,2,3
k=0,2

If the trigger is detected immediately before the INTTPmCCO signal is generated, the INTTPmCCO signal
is not generated. The 16-bit counter is cleared to 0000H, the TOPm1 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
(TIPKO pin input)

CCRO buffer register B Do
b
INTTPmCCO signal N
)’
TOPm1 pin output ]
Shc;r;e»ned

Remark m=0,2,3
k=0,2

198

User’'s Manual U16910EJ4V1UD




CHAPTER 6 16-BIT TIMER/EVENT COUNTER P (TMP)

(e) Generation timing of compare match interrupt request signal (INTTPmCC1)
The timing of generation of the INTTPmCCH1 signal in the external trigger pulse output mode differs from
the timing of INTTPmCC1 signals in other mode; the INTTPmCCH1 signal is generated when the count
value of the 16-bit counter matches the value of the TPmCCR1 register.

Count clock
16-bit counter Di-2 X D1 -1 D+ X Di+1 X D1 +2
TPmCCR1 register D1
. Note
TOPmM1 pin output
Note
INTTPmMCCH1 signal —|

Note Actually, the timing is delayed by one operating clock (fxx).

Remark m=0,2,3

Usually, the INTTPmCC1 signal is generated in synchronization with the next count up, after the count
value of the 16-bit counter matches the value of the TPmCCR1 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 TOPm1 pin.
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6.6.4 One-shot pulse output mode (TPmMD2 to TPmMDO bits = 011)

This mode is valid only in TMPO, TMP2, and TMP3 (software trigger only for TMP3).

In the one-shot pulse output mode, 16-bit timer/event counter P waits for a trigger when the TPmCTLO.TPmCE bit
is set to 1. When the valid edge of an external trigger input (TIPkO) is detected, 16-bit timer/event counter P starts
counting, and outputs a one-shot pulse from the TOPm1 pin.

Instead of the external trigger, a software trigger can also be generated to output the pulse. When the software
trigger is used, the TOPOO 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 in One-Shot Pulse Output Mode

TIPKO pinete © Edge TPmMCCR1 register
. . detector
(external trigger input) {} Transfer
| .]c Output
Software trigger CCR1 buffer register geontroller —© TOPm1 pin
generation (RS-FF)
{} Match signal .
INTTPmMCCH1 signal
Count Clear |
clock
selection 1 Count
Output
}—» start [ 16-bit counter +—= contrzller —© TOPOO pinN°te
control
Match signal
{} 9 INTTPmMCCO signal
TPmCE bit CCRO buffer register
{} Transfer
TPmCCRO register

Note Because the external trigger input pin (TIPk0) and timer output pin (TOPO0O) function alternately,
two functions cannot be used at the same time.
In the one-shot pulse output mode, select the internal clock as the count clock (by clearing the
TPKCTL1.TPKEEE bit to 0).

Remark m=0,2,3
k=0,2
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Figure 6-28. Basic Timing in One-Shot Pulse Output Mode

FFFFH
Do — Do — Do —
16-bit t zfif;;7 4fi(;;7 zfif;;7
It counter Di Di Ds
0000H
TPmCE bit

External trigger input _| _| _|
(TIPKO pin input)

TPmCCRO register x Do

INTTPmMCCO signal —l —l —l

TOPOO pin output
(only when using
software trigger) ———] L |

TPmCCRA1 register x D1
INTTPmMCC1 signal —| —| —|

TOPmM1 pin output

Delay | Active Delay | Active Delay | Active
(D1) level width (D1) level width  (D1) level width
(Do—D1+ 1) (Do—D1+1) (Do—D1+ 1)

When the TPmCE bit is set to 1, 16-bit timer/event counter P waits for a trigger. When the trigger is generated, the
16-bit counter is cleared from FFFFH to 0000H, starts counting, and outputs a one-shot pulse from the TOPm1 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 TPmCCR1 register) x Count clock cycle
Active level width = (Set value of TPmCCRO register — Set value of TPmCCR1 register + 1) x Count clock cycle

The compare match interrupt request signal INTTPmCCO 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 INTTPmCC1
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 (TIPkO pin) or setting the software trigger (TPmCTL1.TPmEST bit) to 1
is used as the trigger.

Remark m=0,2,3
k=0,2
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Figure 6-29. Setting of Registers in One-Shot Pulse Output Mode (1/2)

(a) TMPm control register 0 (TPmCTLO)

TPmCE TPmMCKS2 TPmCKS1TPmCKSO0

TPmCTLOl 0 ‘ 0 0 ‘ 0/1 ‘ o ‘ 0/1 |

Select count clock

0: Stop counting
1: Enable counting

(b) TMPm control register 1 (TPmCTL1)

TPmEST TPKEEE TPmMD2 TPmMD1 TPmMDO

TPmCTL1|0‘O/1‘O‘O‘O‘O‘1‘1|

0,1, 1:
One-shot pulse output mode

0: Operate on count clock
selected by TPkCKSO to
TPkCKS2 bits

Generate software trigger
when 1 is written

(c) TMPm /O control register 0 (TPmIOCO0)
TPmOL1 TPmOE1 TPOOLO TPOOEO

TPmIOCOl 0 \ 0 \ 0 \ 0 \ 0/1 \ 0/1 \ 0/1 \0/1"0'e

0: Disable TOPOO pin output
1: Enable TOPOO pin output

Setting of TOPOO pin output level
in external trigger waiting state
0: Low level

1: High level

0: Disable TOPm1 pin output
1: Enable TOPm1 pin output

Setting of TOPm1 pin output level
in external trigger waiting state

0: Low level
1: High level
e When TPmOL1 bit =0 ¢ When TPmOL1 bit = 1
16-bit counter d | d | 16-bit counter d | d |
TOPm1 pin output 1 1 TOPm1 pin output | |

Note Clear this bit to 0 when the TOPOO pin is not used in the one-shot pulse output mode.
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Figure 6-29. Setting of Registers in One-Shot Pulse Output Mode (2/2)

(d) TMPk I/O control register 2 (TPkIOC2)

TPKEES1 TPKEESO TPKETS1 TPKETSO
TPkIOCZlO‘O‘O‘O‘O‘O‘OM‘OM'

Select valid edge of external

trigger input (TIPkO pin)

(e) TMPm counter read buffer register (TPmCNT)
The value of the 16-bit counter can be read by reading the TPmCNT register.

(f) TMPm capture/compare registers 0 and 1 (TPmCCR0 and TPmCCR1)
If Do is set to the TPmCCRO register and D1 to the TPmCCR1 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 TPmCCR1 register is greater than that set in the TPmCCRO register.

Remarks 1. TMPk I/O control register 1 (TPkIOC1) and TMPm option register 0 (TPmOPTO) are not
used in the one-shot pulse output mode.
2.m=0,2,3
k=0,2
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(1) Operation flow in one-shot pulse output mode

Figure 6-30. Software Processing Flow in One-Shot Pulse Output Mode
FFFFH
Doo — Do _
16-bit counter /
Do
D11
0000H
TPmCE bit
External trigger input
(TIPKO pin input)
TPmCCRO register x Doo Dot
INTTPmMCCO signal
TPMCCR1 register x D10 Dn
INTTPmMCCH1 signal
TOPmM1 output
<1> <2> <3>
<1> Count operation start flow <3> Count operation stop flow
C START ) TPmCE bit = 0 Count operation
is stopped
Register initial setting Initial setting of these ( STOP )
TPmCTLO register registers is performed
(TPmMCKSO0 to TPmCKS?2 bits) before setting the
TPmCTLA1 register, TPmCE bit to 1.
TPmIOCO register,
TPkIOC2 register,
TPmCCRQO register,
TPmCCR1 register
The TPmCKSO to
TPmCKS?2 bits can be
TPmMCE bit = 1 set at the same time
when counting has been
started (TPmCE bit = 1).
Trigger wait status
<2> TPmCCRO0, TPmCCRI register setting change flow
. As rewriting the
g TPmCCRa register
i immediately forwards
to the CCRa buffer
Setting of TPmMCCRO and register, rewriting
TPmMCCRT1 registers immediately after
‘ the generation of the
! INTTPmMCCO signal
' is recommended.
Remark m=0,2,3,k=0,2,a=0, 1
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(2) Operation timing in one-shot pulse output mode

(a) Note on rewriting TPmCCRa register

If the value of the TPmCCRa 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—

bl

16-bit counter D1o

0000H

Doo —r—

D1o Z

D11 Zi

TPmCE bit

External trigger input _| _|
(TIPKO pin input)

TPmCCRO register x Doo

INTTPmMCCO signal —|

TOPOO pin output
(only when using
software trigger) —— —

TPmMCCRA1 register x D1o

INTTPMCC1 signal —|

—

TOPmM1 pin output

Delay

Active level width
(Doo — D10 + 1)

Delay
(D10) (D10)

Active level width
(Doo — D1o + 1)

Delay
(10000H + D11)

e

Active level width
(Dot — D11 + 1)

When the TPmCCRO register is rewritten from Doo to Do1 and the TPmCCR1 register from D1o to D11 where

Doo > Dot and D10 > D11, if the TPmCCR1 register is rewritten when the count value of the 16-bit counter is

greater than D11 and less than Do and if the TPmCCRO register is rewritten when the count value is

greater than Do1 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 INTTPmCC1 signal and asserts the

TOPm1 pin. When the count value matches Do1, the counter generates the INTTPmCCO signal, deasserts

the TOPm1 pin, and stops counting.

Therefore, the counter may output a pulse with a delay period or active period different from that of the

one-shot pulse that is originally expected.

Remark m=0,2,3,k=0,2,a=0,1
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(b) Generation timing of compare match interrupt request signal (INTTPmCC1)
The generation timing of the INTTPmCCH1 signal in the one-shot pulse output mode is different from
INTTPmCCH1 signals in other mode; the INTTPmCC1 signal is generated when the count value of the 16-
bit counter matches the value of the TPmCCR1 register.

Count clock
16-bit counter Di1-2 X D1 -1 D1 X D1+ 1 X Di+2
TPmCCR1 register D1
TOPmM1 pin output Note
INTTPmMCC1 signal —| Note

Note Actually, the timing is delayed by one operating clock (fxx).

Remark m=0,2,3

Usually, the INTTPmCC1 signal is generated when the 16-bit counter counts up next time after its count
value matches the value of the TPmCCR1 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 TOPm1 pin.
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6.6.5 PWM output mode (TPmMD2 to TPmMDO bits = 100)
This mode is valid only in TMPO, TMP2, and TMPS3.
In the PWM output mode, a PWM waveform is output from the TOPm1 pin when the TPmCTLO.TPmCE bit is set to

In addition, a PWM waveform with a duty factor of 50% with the set value of the TPmCCRO register + 1 as half its
cycle is output from the TOPOO pin.

Figure 6-31. Configuration in PWM Output Mode

TPmCCR1 register

{}<— Transfer
. .|o Output
CCRH1 buffer register controller =@ TOPm1 pin
(RS-FF)
{} Match signal .
. INTTPmMCCH signal
Internal count clock —=|  Count Clear |
clock
TIPKO pine @~ Edge | Lselection Count ot
(external event start [ 16-bit counter | uUt L 3 TOPOO pintete
count input) detector control controller ) P
Match si |
{} aich signa INTTPmMCCO signal
TPmCE bit CCRO buffer register
{} Transfer

TPmCCRO register

Note Because the external event count input pin (TIPOO) and timer output pin (TOPO0O) function
alternately, two functions cannot be used at the same time.

Remark m=0,2,3
k=0,2
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Figure 6-32. Basic Timing in PWM Output Mode

FFFFH
Dot —74— Dot ——
16-bit counter Doo 1~ Doo 4~ Doo 4~ D / D11 /
Do /| D1o /] D1o /]
0000H
TPmMCE bit
TPmCCRO register x Doo X Do1
CCRO buffer register Doo Dot

INTTPMCCO signal _| _| —| —| _|

TOPOO pin output

TPmCCR1 register x D1o X D11

CCR1 buffer register D1o D11

INTTPmMCC1 signal _l —l —l —l —l

TOPmM1 pin output

Active period Cycle Inactive period
(D10) (Doo + 1) (Doo - D10 + 1)

When the TPmCE bit is set to 1, the 16-bit counter is cleared from FFFFH to 0000H, starts counting, and outputs a
PWM waveform from the TOPm1 pin.
The active level width, cycle, and duty factor of the PWM waveform can be calculated as follows.

Active level width = (Set value of TPmCCR1 register) x Count clock cycle
Cycle = (Set value of TPmCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TPmCCR1 register)/(Set value of TPmCCRO register + 1)

The PWM waveform can be changed by rewriting the TPmCCRa 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 INTTPmCCO 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 INTTPmMCCH1 is generated when the count value of the 16-bit counter matches
the value of the CCR1 buffer register.

The value set to the TPmCCRa 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 m=0,2,3,a=0, 1
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Figure 6-33. Register Setting in PWM Output Mode (1/2)

(a) TMPm control register 0 (TPmCTLO)

TPmCE TPMCKS2 TPmMCKS1 TPMCKSO
TPmCTLO|0/1‘0‘0‘0‘0‘0/1‘0/1‘0/1|

——— Select count clockN*

0: Stop counting
1: Enable counting

Note The setting is invalid when the TPmCTL1.TPKEEE bit = 1.

(b) TMPm control register 1 (TPmCTL1)

TPMEST TPKEEE TPmMMD2 TPmMD1 TPmMDO
TPmCTL1|O‘O‘O/1‘O‘O‘1‘O‘0|

1,0, 0:
PWM output mode

0: Operate on count clock
selected by TPkCKSO0 to
TPkCKS2 bits

1: Count with external event
count input signal

(c) TMPm /O control register 0 (TPmIOCO0)

TPmOL1 TPmMOE1 TPOOLO TPOOEO
<R> TPmIOCOl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘0/1"ote

0: Disable TOPQO pin output
1: Enable TOPOO pin output

Setting of TOP0O pin output
level before count operation
0: Low level

1: High level

0: Disable TOPm1 pin output
1: Enable TOPm1 pin output

Setting of TOPm1 pin output
level before count operation

0: Low level
1: High level
e When TPmOL1 bit =0 e When TPmOL1 bit =1
16-bit counter —I/I/I/I/ 16-bit counter —I/I/I/I/
TOPm1pinoutput _ [ LI L I L I TOPm1pinoutput —1_ ™ | [ L I 1L
<R> Note Clear this bit to 0 when the TOPOQO pin is not used in the PWM output mode.
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Figure 6-33. Register Setting in PWM Output Mode (2/2)

(d) TMPk I/O control register 2 (TPkIOC2)

TPKEES1 TPKEESO TPKETS1 TPKETSO
TPkIOCZlO‘0‘0‘0‘0/1‘0/1‘0‘0|

Select valid edge
of external event
count input (TIPkO pin).

(e) TMPm counter read buffer register (TPmCNT)
The value of the 16-bit counter can be read by reading the TPmCNT register.

(f) TMPm capture/compare registers 0 and 1 (TPmCCR0 and TPmCCR1)
If Do is set to the TPmCCRO register and D1 to the TPmCCR1 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. TMPk I/O control register 1 (TPkIOC1) and TMPk option register 0 (TPKOPTO) are not
used in the PWM output mode.
2. m=0,2,3
k=0,2
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(1) Operation flow in PWM output mode

Figure 6-34. Software Processing Flow in PWM Output Mode (1/2)

FFFFH

16-bit counter Doo Doo D11 D11 Doo
Do D1o Do Do

0000H

TPmCE bit

TPmCCRO register Doo Dot Doo

=l

CCRO buffer register X Doo X Dot X Doo

INTTPmMCCO signal —| —| _| —| —| —|

TOPOO pin output

TPmMCCR1 register ] D1o D1o D11 D1o

CCR1 buffer register X D1o X D1o X D11 X D1o

INTTPmMCC1 signal —| —| —| —| —| —|
TOPmM1 pin output J |

<1> <2> <3> <4> <5>

Remark m=0,2,3
k=0,2
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Figure 6-34. Software Processing Flow in PWM Output Mode (2/2)

<1> Count operation start flow

START

C )

<3> TPmMCCRO0, TPmCCR1 register

setting change flow (duty only)

Register initial setting
TPmCTLO register
(TPmMCKSO0 to TPmCKS?2 bits)
TPmCTLA1 register,
TPmIOCO register,
TPKIOC2 register,
TPmCCRO register,
TPmCCR1 register

Setting of TPmMCCR1 register

Initial setting of these
registers is performed
before setting the
TPnCE bit to 1.

The TPmCKSO to
TPmCKS2 bits can be

TPmMCE bit =1

set at the same time

Only writing of the TPmCCR1
register must be performed
when the set duty factor is
changed. When the counter is
cleared after setting, the

value of compare register a

is transferred to the CCRa
buffer register.

<4> TPmMCCRO, TPmCCR1 register

setting change flow (cycle and duty)

when counting is

enabled (TPmCE bit = 1).

Setting of TPMCCRO register

Setting of TPmMCCR1 register

<2> TPmCCRO, TPmCCR1 register
setting change flow (cycle only)

Writing same value

<5> Count operation stop flow

(same as preset value of

Setting of TPmMCCRO register

the TPmCCR1 register)
to the TPmCCR1 register

TPmCE bit=0

is necessary only when
the set cycle is changed.

Setting of TPmMCCR1 register

When the counter is
cleared after setting,
the value of the TPmCCRa

register is transferred to the
CCRa buffer register.

Remark m=0,2,3

k=0,2
a=0,1

STOP

When the counter is
cleared after setting,

the value of compare
register a is transferred

to the CCRa buffer register.

Counting is stopped.
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(2) PWM output mode operation timing

(a) Changing pulse width during operation
To change the PWM waveform while the counter is operating, write the TPmCCR1 register last.
Rewrite the TPMCCRa register after writing the TPmCCR1 register after the INTTPmCC1 signal is

detected.
FFFFH
Dot —7— Dot ——
16-bit counter Doo 1~ Doo 4~ Doo r~ D11 / D11 /
D1o /] D1o / Dio /]
0000H
TPmCE bit

TPmCCRO register

al

Doo X Dot

CCRO buffer register Doo Dot
TPmMCCR1 register :X D1o X D11
CCR1 buffer register D1o D11

TOPm1 pin output

INTTPMCCO signal _l —l —l —l —l

To transfer data from the TPmCCRa register to the CCRa buffer register, the TPmCCR1 register must be
written.

To change both the cycle and active level of the PWM waveform at this time, first set the cycle to the
TPmCCRO register and then set the active level to the TPmCCR1 register.

To change only the cycle of the PWM waveform, first set the cycle to the TPmCCRO register, and then
write the same value (same as preset value of the TPmCCR1 register) to the TPmCCR1 register.

To change only the active level width (duty factor) of the PWM waveform, only the TPmCCR1 register has
to be set.

After data is written to the TPmCCR1 register, the value written to the TPmCCRa 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 TPmMCCRO or TPmCCR1 register again after writing the TPmCCR1 register once, do so after
the INTTPmCCO signal is generated. Otherwise, the value of the CCRa buffer register may become
undefined because the timing of transferring data from the TPmCCRa register to the CCRa buffer register
conflicts with writing the TPmCCRa register.

Remark m=0,2,3
a=0,1
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(b) 0%/100% output of PWM waveform
To output a 0% waveform, set the TPmCCR1 register to 0000H. The 16-bit counter is cleared to 0000H
and the INTTPmCCO and INTTPmMCC1 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 JD00—1X Doo 0000X0001 x JDOO—1X Doo OOOOX

{
)
TPmCE bit
{( {(
)] )]
TPmCCRO register Doo Doo Doo
{( {(
! !
TPmCCR1 register 0000H N 0000H B 0000H
)] )]
] Note ] Note
INTTPmCCO signal M M
)] )]
] Note ] Note
INTTPmCCH1 signal

TOPmM1 pin output L

Note Actually, the timing is delayed by one operating clock (fxx).

Remark m=0,2,3

To output a 100% waveform, set a value of (set value of TPmCCRO register + 1) to the TPmCCR1 register.
If the set value of the TPmCCRO register is FFFFH, 100% output cannot be produced.

Count clock | | | | | | | | | | | | | | | | | | | |
16-bit counter  FFFF X 0000 RDOO - 1X Doo 0000 X 0001 x JDOO - 1X Doo 0000 x
§

)
TPmCE bit
{( {(
)] )]
TPmCCRO register Doo Doo Doo
} }
)] )]
TPmCCR1 register Doo + 1 N Doo + 1 N Doo + 1
Note Note
INTTPmMCCO signal

INTTPmMCCH1 signal L

<R> TOPm1 pin output

Note Actually, the timing is delayed by one operating clock (fxx).

Remark m=0,2,3
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(c) Generation timing of compare match interrupt request signal (INTTPmCC1)
The timing of generation of the INTTPmCC1 signal in the PWM output mode differs from the timing of
INTTPmCCH1 signals in other modes; the INTTPmCC1 signal is generated when the count value of the 16-
bit counter matches the value of the TPmCCR1 register.

Count clock
16-bit counter Di—2 X D1 —1 D X D+ 1 X —
TPmMCCR1 register D;
TOPmM1 pin output Note
INTTPmCC signal _l Note

Note Actually, the timing is delayed by one operating clock (fxx).

Remark m=0,2,3

Usually, the INTTPmMCC1 signal is generated in synchronization with the next counting up after the count
value of the 16-bit counter matches the value of the TPmCCR1 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 TOPm1 pin.
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6.6.6 Free-running timer mode (TPnMD2 to TPnMDO bits = 101)

The compare function is valid for all of TMPO to TMP3. The capture function is valid only for TMP0O and TMP2.

In the free-running timer mode, 16-bit timer/event counter P starts counting when the TPnCTLO.TPnCE bit is set to
1. At this time, the TPKkCCRO and TPkCCR1 registers can be used as compare registers or capture registers,
depending on the setting of the TPkOPT0.TPkCCS0 and TPKOPTO.TPkCCS1 bits.

Figure 6-35. Configuration in Free-Running Timer Mode

: Output | - Note 2
TPn(C():SrIj];arzglster controller © TOPm1 pin
% Output )
™ —(©) TOPOO pinNote !
controller ©)
TPnCCRO register
(compare)
@ TPKCCSO0, TPKCCS1 bits
(capture/compare selection)
Internal count clock —| Count ﬁ
|| clock ] } 16-bit counter INTTPNOV signal
TIPKO pintete Edge selection (
(external event detector ~
count input/ . 0
captrijre TPnCE bit — INTTPnCC1 signal
. . 1
t
rigger input) Edge o
detector 0
TPkCCRO register INTTPnCCO signal
(capture) 1
TIPk1 pinNete2 ©—~| Edge
(capture detector
trigger input) TPKCCR1 register
(capture)

Notes 1. Because the external event count input pin (TIPk0), capture trigger input pin (TIPkO) and
timer output pin (TOPOQO0) function alternately, two or more functions cannot be used at the
same time.

2. Because the capture trigger input pin (TIPk1) and timer output pin (TOPk1) function
alternately, two functions cannot be used at the same time.

Remark n=0t03
m=0,2,3
k=0,2
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e Compare operation
When the TPnCE bit is set to 1, 16-bit timer/event counter P starts counting, and the output signals of the TOP0O
and TOPm1 pins are inverted. When the count value of the 16-bit counter later matches the set value of the
TPnCCRa register, a compare match interrupt request signal (INTTPnCCa) is generated, and the output signals
of the TOP0OO and TOPm1 pins are 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 (INTTPnOV) at the next clock, is cleared to 0000H, and continues
counting. At this time, the overflow flag (TPnOPTO.TPnOVF bit) is also set to 1. Confirm that the overflow flag is
set to 1 and then clear it to 0 by executing the CLR instruction via software.
The TPnCCRa 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 6-36. Basic Timing in Free-Running Timer Mode (Compare Function)

FFFFH
Doo Doo
. Dot Dot
16-bit counter
Dro Dro D11 D11 D11/
0000H
TPnCE bit

TPnCCRO register :X Doo X Dot

INTTPnCCO signal —| —| —| —|

TOPOO pin output

TPnCCR1 register :X D1o X D11

INTTPNCC1 signal _l —l —l —l —I_

TOPmM1 pin output

INTTPNOV signal —| —| —| —|

TPnOVF bit L

ClearedtoOby Clearedto Oby Clearedto0by Cleared to 0 by
CLR instruction CLR instruction CLR instruction CLR instruction

Remark n=0t03
m=0,2,3
a=0,1
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Capture operation

When the TPKCE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TIPka pin is
detected, the count value of the 16-bit counter is stored in the TPkCCRa register, and a capture interrupt request
signal (INTTPkCCa) 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 (INTTPkQOV) at the next clock, is cleared to 0000H, and continues
counting. At this time, the overflow flag (TPKOPTO.TPKOVF 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 6-37. Basic Timing in Free-Running Timer Mode (Capture Function)

FFFFH
D1o
Doo /| D”Z D12 D13 /
16-bit counter Dot Z /
Doz
Dos

0000H

TPKCE bit

TIPKO pin input —| —|

TPkCCRO register Doo Do+ Doz Dos

INTTPKCCO signal —| —|

TIPk1 pin input —l —l —l —|_

TPkCCR1 register D1o D11 D12 D13

INTTPkCC1 signal —| —| —| —|
INTTPkOV signal —| —| —|

TPKOVF bit

ClearedtoOby Clearedto 0by Cleared to 0 by
CLR instruction CLR instruction CLR instruction

Remark k=0,2
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Figure 6-38. Register Setting in Free-Running Timer Mode (1/2)

(a) TMPn control register 0 (TPnCTLO)

TPnCE TPnCKS2 TPnCKS1 TPnCKSO0

TPnCTLOl 01 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 01 ‘ 0/1 |

Select count clock"°t®

0: Stop counting
1: Enable counting

Note The setting is invalid when the TPKCTL1.TPKEEE bit = 1.

(b) TMPn control register 1 (TPnCTL1)

TP1SYE TPmEST TPKEEE TPnMD2 TPnMD1 TPnMDO

TPnCTL1|0‘O‘O/1‘O‘O‘1‘O‘1|

1,0, 1:
Free-running timer mode

0: Operate with count
clock selected by
TPkCKSO0 to TPkCKS2 bits
1: Count on external
event count input signal

(c) TMPm /O control register 0 (TPmIOCO0)

TPmOL1 TPmOE1 TPOOLO TPOOEO

TPmIOCOlO‘0‘0‘0‘0/1‘0/1‘0/1‘0/1'

0: Disable TOPOO pin output
1: Enable TOPOO pin output

Setting of TOPOO pin output level
before count operation

0: Low level

1: High level

0: Disable TOPm1 pin output
1: Enable TOPm1 pin output

Setting of TOPm1 pin output level
before count operation

0: Low level

1: High level

(d) TMPk I/O control register 1 (TPKIOC1)

TPkIS3  TPkIS2 TPkIS1  TPkISO

TPkIOC1|0‘O‘O‘0‘0/1‘0/1‘0/1‘0/1|

|
Select valid edge

of TIPKO pin inputNete

Select valid edge
of TIPk1 pin input

Note Set the valid edge selection of the unused alternate external input signals to “No edge detection”.

User's Manual U16910EJ4V1UD 219



CHAPTER 6 16-BIT TIMER/EVENT COUNTER P (TMP)

Figure 6-38. Register Setting in Free-Running Timer Mode (2/2)

(e) TMPk I/O control register 2 (TPkIOC2)

TPKEES1 TPKEESO TPKETS1 TPKETSO
TPkIOC2|0‘0‘O‘0‘0/1‘0/1‘0‘0|

Select valid edge of external
event count input (TIPkO pin)N°te

Note Set the valid edge selection of the unused alternate external input signals to “No edge detection”.

(f) TMPn option register 0 (TPnOPTO)

TPKCCS1 TPKCCSO TPnOVF
TPnOPTOlO‘O‘ON‘OH‘O‘O‘0‘0/1'

L Overflow flag

Specifies if TPKCCRO
register functions as
capture or compare register
0: Compare register

1: Capture register

Specifies if TPKCCR1
register functions as
capture or compare register
0: Compare register

1: Capture register

(g) TMPn counter read buffer register (TPNnCNT)
The value of the 16-bit counter can be read by reading the TPnCNT register.

(h) TMPn capture/compare registers 0 and 1 (TPnCCRO and TPnCCR1)
These registers function as capture registers or compare registers depending on the setting of the
TPKOPTO.TPkCCSa 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 TIPka pin is detected.
When the registers function as compare registers and when Da is set to the TPnCCRa register, the
INTTPnCCa signal is generated when the counter reaches (Da + 1), and the output signals of the
TOPOO and TOPm1 pins are inverted.

Remark n=0to3, m=0,2,3,k=0,2,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 6-39. Software Processing Flow in Free-Running Timer Mode (Compare Function) (1/2)

FFFFH
Doo Doo
. Dot Dot
16-bit counter
Dro Dro D11 D11 DﬂZ{
0000H
TPnCE bit

w)
8
w)
=

TPnCCRQO register

INTTPNnCCO signal —| —| —| —|

TOPOO pin output

TPnCCRT1 register x Do X D
INTTPnCC1 signal —| —| —| —| —|

TOPmM1 pin output

INTTPNnOV signal —| —| —| —|

TPnOVF bit

<1> Clearedto Oby Clearedto 0 by Cleared to 0 by <3>
CLR instruction CLR instruction CLR instruction

! i i

<2> <2> <2>

Remark n=0t03
m=0,2,3
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Figure 6-39. Software Processing Flow in Free-Running Timer Mode (Compare Function) (2/2)

<1> Count operation start flow

(o )

Register initial setting Initial setting of these registers
TPnCTLO register is performed before setting the
(TPnCKSO0 to TPNnCKS2 bits) TPnCE bit to 1.

TPnCTLA1 register,
TPmIOCO register,
TPKIOC2 register,
TPnOPTO register,
TPnCCRO register,
TPnCCR1 register

The TPNnCKSO0 to TPnCKS2 bits
TPnCE bit = 1 can be set at the same time
when counting has been started
(TPnCE bit = 1).

<2> Overflow flag clear flow

Read TPnOPTO register
(check overflow flag).

TPnOVF bit =1

Execute instruction to clear
TPnOVF bit (CLR TPnOVF).

<3> Count operation stop flow

Counter is initialized and
TPnCE bit=0 counting is stopped by

clearing TPnCE bit to 0.
(s )

Remark n=0to3,m=0,2,3,k=0,2

222 User’'s Manual U16910EJ4V1UD



CHAPTER 6 16-BIT TIMER/EVENT COUNTER P (TMP)

(b) When using capture/compare register as capture register

Figure 6-40. 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 /

TPKCE bit

TIPKO pin input —| —|

TPKCCRO register 0000 Doo Do1 Doz DosX 0000

INTTPkCCO signal —l —l

TIPK1 pin input —l —l —l

TPkCCR1 register 0000 D1o D11 D12 0000

INTTPKCC1 signal —| —| —|
INTTPKOV signal —| —| —|

TPKOVF bit

Clearedto O by Cleared to 0 by
CLRinstruction CLR instruction <8>

f f

<2> <2>

<1>

Remark k=0,2
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Figure 6-40. Software Processing Flow in Free-Running Timer Mode (Capture Function) (2/2)

<1> Count operation start flow

o

Register initial setting Initial setting of these registers
TPKCTLO register is performed before setting the
(TPKCKSO to TPKCKS2 bits) TPKCE bit to 1.

TPkCTLA1 register,
TPKIOCH1 register,
TPkOPTO register

The TPkCKSO0 to TPkCKS2 bits can
TPKCE bit = 1 be set at the same time when counting
has been started (TPKCE bit = 1).

<2> Overflow flag clear flow

Read TPKOPTO register
(check overflow flag).

TPkOVF bit = 1

Execute instruction to clear
TPKOVF bit (CLR TPkOVF).

<3> Count operation stop flow

Counter is initialized and
TPKCE bit=0 counting is stopped by

clearing TPKCE bit to 0.
(s )

Remark k=0,2
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(2) Operation timing in free-running timer mode

(a) Interval operation with compare register
When 16-bit timer/event counter P is used as an interval timer with the TPnCCRa 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 INTTPnCCa signal has been detected.

FFFFH
D Doz
Doo10 /] /
16-bit counter D1 DOSZ
Do+ / D12
D Dos
0000H !
TPnCE bit
TPnCCRQO register Doo Do1 X Doz X Dos X Do4 X Dos
INTTPnCCO signal —| —| —| —| —|
TOPOO pin output
Interval period Interval period Interval period Interval period Interval period
(Dw+1)  (10000H+  (Dee-Dey  (10000H+  (10000H +
Dot — Doo) Dos — Do) Dos — Dos)
TPnCCR1 register Do X D11 X D12 X Dis X D14
INTTPNCC1 signal —l _l —l —l
TOPmM1 pin output

Interval period Interval period Interval period Interval period
(Do + 1) (10000H + (10000H + (10000H +
D11 - Do) D12-D11) D1s—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 TPnCCRa register must be re-set in the
interrupt servicing that is executed when the INTTPnCCa signal is detected.

The set value for re-setting the TPnCCRa 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=0t03
m=0,2,3
a=0,1
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(b) Pulse width measurement with capture register

When pulse width measurement is performed with the TPKCCRa register used as a capture register,
software processing is necessary for reading the capture register each time the INTTPkCCa signal has

been detected and for calculating an interval.

FFFFH

16-bit counter

0000H

TPkCE bit

TIPKO pin input

TPkCCRO register

INTTPkCCO signal

TIPk1 pin input

TPkCCR1 register

INTTPKCCH1 signal

INTTPkOV signal

TPKOVF bit

D Doz

Doo10 /| /
D11

Dot /

D
D12 O?

D13 Dos

0000H Doo| Dot

| -]

Pulse interval Pulse interval Pulse interval Pulse interval Pulse interval

(Doo) (10000H + (Doz — Do1) (10000H + (10000H +
Dot - Doo) Dos — Do2) Dos — Dos)
0000H D1o D11 D12 X Dis

Pulse interval Pulse interval Pulse interval Pulse interval
(10000H +

(D10) (10000H +
D11 — Do) D12 —

|

(10000H +
D11) D13 — D12)

| |

Clearedto 0 by Clearedto 0 by Cleared to 0 by
CLR instruction CLR instruction CLR instruction

226

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 TPKkCCRa register
in synchronization with the INTTPkCCa signal, and calculating the difference between the read value and
the previously read value.

Remark k=0,2
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

TPKCE bit |

TIPKO pin input -| -|

TPkCCRO register Doo Dot

TIPk1 pin input _| _|

TPKCCR1 register D1o D11

INTTPKOV signal -| -|

TPKOVF 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 TPkCCRO register (setting of the default value of the TIPkO pin input).
<2> Read the TPkCCR1 register (setting of the default value of the TIPk1 pin input).
<3> Read the TPkCCRO 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 TPkCCR1 register.
Read the overflow flag. Because the flag is cleared in <3>, O is read.
Because the overflow flag is 0, the pulse width can be calculated by (D11 — D10) (incorrect).

Remark k=0,2

When two capture registers are used, and if the overflow flag is cleared to 0 by one capture register, the
other capture register may not obtain the correct pulse width.
Use software when using two capture registers. An example of how to use software is shown below.
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(1/2)

Example when two capture registers are used (using overflow interrupt)

FFFFH

D11
16-bit counter Df /
Doo Dot

0000H

TPKCE bit |

INTTPkQOV signal

TPkOVF bit —| —|

TPKOVFO flagh°*®

TIPKO pin input

TPkCCRO register Doo Dot

TPKOVF1 flag®'®

TIPk1 pin input

TPKCCR1 register D1o D11

<1> <2> <3> <4> <5> <6>

Note The TPKOVFO and TPKOVF1 flags are set on the internal RAM by software.

<1> Read the TPKCCRO register (setting of the default value of the TIkO pin input).

<2> Read the TPKCCR1 register (setting of the default value of the TIPk1 pin input).

<3> An overflow occurs. Set the TPkOVFO and TPkOVF1 flags to 1 in the overflow interrupt servicing,
and clear the overflow flag to 0.

<4> Read the TPKCCRO register.
Read the TPKOVFO flag. If the TPKOVFO flag is 1, clear it to 0.
Because the TPkOVFO flag is 1, the pulse width can be calculated by (10000H + Do1 — Doo).

<5> Read the TPKCCR1 register.
Read the TPKOVF1 flag. If the TPkOVF1 flag is 1, clear it to 0 (the TPkOVFO flag is cleared in
<4>, and the TPkOVF1 flag remains 1).
Because the TPkOVF1 flag is 1, the pulse width can be calculated by (10000H + D11 — D1o)
(correct).

<6> Same as <3>

Remark k=0,2
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(2/2)

Note The TPKOVFO and TPKOVF1 flags are set on the internal RAM by software.

<1>
<2>
<3>

<4>

<5>

<6>

Remark k=0,2

Example when two capture registers are used (without using overflow interrupt)

FFFFH

D11
16-bit counter y /
Doo Dot

0000H

TPKCE bit |

INTTPkOV signal -| -|

TPkOVF bit

TPKOVFO flagh°*®

TIPKO pin input

TPkCCRO register Doo Dot

TPKOVF1 flag®®

TIPk1 pin input

TPKCCR1 register D1o D11

<1> <2> <3> <4> <5> <6>

Read the TPkCCRO register (setting of the default value of the TIPkO pin input).

Read the TPKCCR1 register (setting of the default value of the TIPk1 pin input).

An overflow occurs. Nothing is done by software.

Read the TPkCCRO register.

Read the overflow flag. If the overflow flag is 1, set only the TPkOVF1 flag to 1, and clear the
overflow flag to 0.

Because the overflow flag is 1, the pulse width can be calculated by (10000H + Dot — Doo).

Read the TPKCCR1 register.

Read the overflow flag. Because the overflow flag is cleared in <4>, 0 is read.

Read the TPKOVF1 flag. If the TPKOVF1 flagis 1, clear it to 0.

Because the TPKOVF1 flag is 1, the pulse width can be calculated by (10000H + D11 — D1o)
(correct).

Same as <3>
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(d) Processing of overflow if capture trigger interval is long
If the pulse width is greater than one cycle of the 16-bit counter, care must be exercised because an
overflow may occur more than once from the first capture trigger to the next. First, an example of incorrect
processing is shown below.

Example of incorrect processing when capture trigger interval is long

FFFFH o

16-bit counter

0000H

TPKCE bit |

TIPka pin input

TPkCCRa register Dao Dat

INTTPkOV signal

TPkOVF 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 TPkCCRa register (setting of the default value of the TIPka 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 TPkCCRa 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 k=0,2
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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INTTPkOV signal -|

Example when capture trigger interval is long

FFFFH o

16-bit counter
0000H

TPKCE bit |

TIPka pin input

TPkCCRa register Dao Dat

TPKOVF bit —|

o< ——

Overfl'?\:v OH X 1H
counter"°*

2HxOH

1 cycle of 16-bit counter

Pulse width

<1> <2> <3> <4>

Note The overflow counter is set arbitrarily by software on the internal RAM.

<1>

<2>

<3>

<4>

Read the TPkCCRa register (setting of the default value of the TIPka pin input).
An overflow occurs. Increment the overflow counter and clear the overflow flag to 0 in the overflow
interrupt servicing.
An overflow occurs a second time. Increment (+1) the overflow counter and clear the overflow flag
to 0 in the overflow interrupt servicing.
Read the TPkCCRa 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 k=02

a=0,1
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(e) Clearing overflow flag
The overflow flag can be cleared to 0 by clearing the TPnOVF bit to 0 with the CLR instruction after
reading the TPnOVF bit when it is 1 and by writing 8-bit data (bit O is 0) to the TPnOPTO register after
reading the TPnOVF bit when it is 1.

(3) Note on capture operation
If the capture operation is used and if a slow clock is selected as the count clock, FFFFH, not 0000H, may be
captured to the TPkCCRa register if the capture trigger is input immediately after the TPKCTLO.TPKCE bit is
setto 1.

16-bit counter =

0000H

|
Count clock /

TPKCCRO register 0000H >< FFFFH >< 0001H

TPKCE bit | E

TIPkO pin input | | | |

A A
Capture trigger input Capture trigger input

Remark k=0,2
a=0,1
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6.6.7 Pulse width measurement mode (TPkMD2 to TPkMDO bits = 110)
The mode is valid only in TMPO and TMP2.
In the pulse width measurement mode, 16-bit timer/event counter P starts counting when the TPkCTLO.TPkCE bit

is set to 1. Each time the valid edge input to the TIPka pin has been detected, the count value of the 16-bit counter is
stored in the TPkCCRa register, and the 16-bit counter is cleared to 0000H.
The interval of the valid edge can be measured by reading the TPkCCRa register after a capture interrupt request

signal (INTTPkCCa) occurs.

As shown in Figure 6-42, select either the TIPKO or TIPk1 pin as the capture trigger input pin and set the unused
pins to “No edge detection” by using the TPkIOC1 register.

Figure 6-41. Configuration in Pulse Width Measurement Mode

TIPKO pin

(capture
trigger input)

Edge
detector

Clear
Count
cloc_k ] 16-bit counter
selection (
TPKCE bit

TIPk1 pin ©—

(capture

trigger input)

Edge
detector

TPKCCRO register
(capture)

Remark k=0,
a=0,

2
1

INTTPKOV signal

TPKCCR1 register
(capture)

INTTPkCCO signal

t—= INTTPkCC1 signal

Caution In the pulse width measurement mode, select the internal clock as the count clock (by
clearing the TPkCTL1.TPKEEE bit to 0).
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Figure 6-42. Basic Timing in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TPKCE bit

TIPka pin input K K

TPkCCRa register 0000H Do D1 D2 Ds

INTTPkCCa signal —| —| —| —|

INTTPKQOV signal

Cleared to 0 by
TPKOVF bit CLR instruction

Remark k=0,2
a=0,1

When the TPkCE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TIPka pin is
later detected, the count value of the 16-bit counter is stored in the TPkCCRa register, the 16-bit counter is cleared to
0000H, and a capture interrupt request signal (INTTPkCCa) is generated.

The pulse width is calculated as follows.

<R> Pulse width = Captured value x Count clock cycle
If the valid edge is not input to the TIPnm pin even when the 16-bit counter counted up to FFFFH, an overflow
interrupt request signal (INTTPkOV) is generated at the next count clock, and the counter is cleared to 0000H and
continues counting. At this time, the overflow flag (TPKOPTO.TPKOVF 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.

<R> Pulse width = (10000H x Number of times for which TPkOVF bit is set to 1 + Captured value) x Count clock cycle

Remark k=0,2
a=0,1
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Figure 6-43. Register Setting in Pulse Width Measurement Mode (1/2)

(a) TMPk control register 0 (TPkCTLO)
TPKCE TPKkCKS2 TPkCKS1 TPkCKSO
TkeTo | o | o | o | o | o | o1 | o | on |
<R> Select count clock
0: Stop counting
1: Enable counting
(b) TMPk control register 1 (TPkCTL1)
TPKEST TPKEEE TPkMD2 TPkMD1 TPkMDO
<R> ettt [ o | o | o [ o [ o [ 1 [ 1 | o |
1,1,0:
Pulse width measurement mode
0: Operate with count
clock selected by
TPKCKSO to TPKCKS2 bits
(c) TMPk /O control register 1 (TPkIOC1)
TPKIS3 TPkIS2 TPkIS1  TPKISO
mdoct [ o | o | o | o | on | ot | on | o1 |
Select valid edge
<R> of TIPkO pin input
Select valid edge
of TIPk1 pin input
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Figure 6-43. Register Setting in Pulse Width Measurement Mode (2/2)

(d) TMPk option register 0 (TPkOPTO)

TPKCCS1 TPKCCSO TPKOVF
TPkOPTOlO‘O‘O‘0‘0‘0‘0‘0/1'

L

Overflow flag

(e) TMPk counter read buffer register (TPkCNT)
The value of the 16-bit counter can be read by reading the TPKCNT register.

(f) TMPk capture/compare registers 0 and 1 (TPkCCRO and TPKkCCR1)
These registers store the count value of the 16-bit counter when the valid edge input to the TIPkO and
TIPk1 pins is detected.

<R> Remarks 1. TMPk I/O control register 0 (TPkIOCO0) and TMPk 1/O control register 2 (TPkIOC2) are not
used in the pulse width measurement mode.
2. k=0,2
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(1) Operation flow in pulse width measurement mode

Figure 6-44. Software Processing Flow in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TPkCE bit

TIPkO pin input

TPKkCCRO register

0000H

Do

D1

DzX 0000H

INTTPkCCO signal

<1>

<1> Count operation start flow

(o)

Register initial setting
TPKCTLO register
(TPKCKSO to TPkCKS2 bits),
TPKCTLA1 register,
TPKIOC1 register,
TPkOPTO register

TPkCE bit = 1

<2> Count operation stop flow

TPkCE bit=0

C=

Remark k=0,2

Initial setting of these registers
is performed before setting the

TPKCE bit to 1.

The TPkCKSO0 to TPkCKS2 bits can

<2>

be set at the same time when counting

has been started (TPKCE bit = 1).

The counter is initialized and counting
is stopped by clearing the TPkCE bit to 0.
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(2) Operation timing in pulse width measurement mode

(a) Clearing overflow flag
The overflow flag can be cleared to 0 by clearing the TPKOVF bit to 0 with the CLR instruction after
reading the TPkOVF bit when it is 1 and by writing 8-bit data (bit 0 is 0) to the TPkOPTO register after
reading the TPkOVF bit when it is 1.

(3) Note
If a slow clock is selected as the count clock, FFFFH, not 0000H, may be captured to the TPkCCRa register if
the capture trigger is input immediately after the TPkCTLO.TPkCE bit has been set to 1.

FFFFH

16-bit counter = |_

0000H

Count clock

TPKkCCRO register 0000H >< FFFFH >< 0002H

TPKCE bit | : 5
TIPkO pin input | | | |

Capture trigger input Capture trigger input

Remark k=0,2
a=0,1
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Caution

CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

Timer Q (TMQ) is a 16-bit timer/event counter.
The V850ES/IK1 incorporates TMQ1 and TMQO.

Overview

The TMQn channels are outlined below (n =0, 1).

If P16 is used as the TOQOO output pin or an output port, when an error (oscillator stop) is

detected by the clock monitor, the CLMER signal (low level) is output from P16. Low-level output
is released by reset signal. For details, see Table 4-5 Alternate-Function Pins of Port 1.

Table 7-1. TMQn Overview

ltem TMQO T™Q1
Clock selection 8 ways 8 ways
Capture trigger input pin 4 None
External event count input pin 1 None
External trigger input pin None None
Timer counter 1 1
Capture/compare register 4 4ot
Capture/compare match interrupt request signal 4 4ot
Overflow interrupt request signal 1 1
Timer output pin"**°? 4 1

Notes 1. Compare function only
2. This is the number of output pins of TMQn; it does not include the output pins of TMQOP1

the output pins of TMQOP1, see CHAPTER 9 MOTOR CONTROL FUNCTION.
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7.2 Functions

The TMQn functions that can be realized differ from one channel to another, as shown in the table below (n = 0, 1).

Table 7-2. TMQn Functions

Function TMQO T™MQ1

6-phase PWM output™*’ x

Interval timer 3

External event counter N X
External trigger pulse output o2 x
One-shot pulse output ere2 x
PWM output N x
Free-running timer v y
Pulse width measurement N X

Notes 1. This is connected to TMQOP1. For details, see CHAPTER 9 MOTOR CONTROL FUNCTION.
2. Can be realized only by software trigger. No external trigger input pins are provided.

7.3 Configuration
TMQn includes the following hardware.

Table 7-3. TMQn Configuration

Item Configuration
Timer register 16-bit counter x 1
Registers TMQn counter read buffer register (TQNCNT): Total of 2

TMQn capture/compare registers 0 to 3 (TQNCCRO to TQnCCR3): Total of 8
CCRO to CCR3 buffer registers: Total of 8

Timer input Total of 5 (TIQOO0 to TIQ03, EVTQO pins)

Timer output Total of 6 (TOQ00, TOQ01/TOQHO01, TOQ02, TOQ03/TOQH02, TOQHO3,
TOQ10 pins)

Control registers TMQn control registers 0, 1 (TQnCTLO, TQnCTL1)

TMQn I/O control register 0 (TQnIOCO0)
TMQO /O control registers 1, 2 (TQOIOC1, TQOIOC2)
TMQn option register 0 (TQnOPTO)

Remark n=0,1
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Figure 7-1. TMQO Block Diagram
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TIQ02 O~}
TIQO3 O~}

TOQHOOFF ©)—

i
Selector

| Edge detector

Selector

Internal bus

TQOCNT

16-bit counter

1y

Clear

INTTQOOV
See Figure 7-2
TMQO Output Pin
Configuration

T HOTOQOQNete !

fl

CCRO
buffer
register

il

“OTOQO1/TOQHO1Nete 2

-OT0Q02

i

—|' TQOCCRO

HOTOQO3TOQH02Nete 2

Edge detector

CCR1
buffer
register CCR2
buffer
ﬁ register CCR3
| buffer
TQOCCR1 ﬁ register
[ Taoccre
TQOCCR3

T

F—————= INTTQOCC1

| __H{OTOQHogMete2

Output controller

—= INTTQOCCO

= INTTQO0CC2

w7 INTTQOCC3

Notes 1.

| Edge detector

Internal bus

01, 10, 11 (HZAyCTLn).

Caution

Remark

fxx: Peripheral clock

If P16 is used as the TOQOO output pin or an output port, when an error (oscillator stop) is detected
by the clock monitor, the CLMER signal (low level) is output from P16. Low-level output is released
by reset signal. For details, see Table 4-5 Alternate-Function Pins of Port 1.

2. When the TOQHO01 to TOQHO3 pins are selected, these pins can be set in the high-impedance state
by the TOQHOOFF pin input. For details, see 9.3 (6) High-impedance output control registers 00,

The TOQHO1 to TOQHO3 pins are valid only in the PWM output mode.
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Figure 7-2. TMQO Output Pin Configuration

@ ToQooNote1
© TOQO1/TOQHQ1Note 2
% TIQO1 input
£ |
° © TOQO2
3
5
© 5
3 © TOQO3/TOQHO2Nte 2
(0]
? | 11003 input >
© TOQHogNete 2
EVTQO input 3

TOQHOOFF input

Notes 1. If P16 is used as the TOQOO output pin or an output port, when an error (oscillator stop) is detected
by the clock monitor, the CLMER signal (low level) is output from P16. Low-level output is released
by reset signal. For details, see Table 4-5 Alternate-Function Pins of Port 1.
2. When the TOQHO01 to TOQHOS3 pins are selected, these pins can be set in the high-impedance state
by the TOQHOOFF pin input.
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Figure 7-3. TMQ1 Block Diagram

fxx
fxx/2
fxx/4
fxx/8
fxx/16
fxx/32
fxx/64
fxx/12

Remark fxx: Peripheral clock

2 Internal bus 2

TQ1CNT

] % | 16-bit counter |—> INTTQ10V
— 8 7 Tlear 1
— 5 --OTOQ10
8 ™ ﬁ N S
CCRO iR :
buffer CCRA {} g
register buffer CCR2 ?% %
register buffer CCR3 o
register buffer INTTQ1CCO
register INTTQ1CCA
' INTTQ1CC2
' INTTQ1CC3

2 Internal bus 2

)

()

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 TQnCNT register.

When the TQnCTLO.TQNCE bit = 0, the value of the 16-bit counter is FFFFH. If the TQnCNT register is read at
this time, 0000H is read.

The TQNCE bit is cleared to 0 after reset.

CCRO buffer register

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

When the TQnCCRO register is used as a compare register, the value written to the TQnCCRO 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 (INTTQnCCO) is generated.

The CCRO buffer register cannot be read or written directly.

The TQnCCRO register is cleared to 0000H after reset, and the CCRO bulffer register is cleared to 0000H.
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@)

(4)

®)

(6)

@

®)
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CCR1 buffer register

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

When the TQnCCR1 register is used as a compare register, the value written to the TQnCCR1 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 (INTTQnCC1) is generated.

The CCR1 buffer register cannot be read or written directly.

The TQnCCR1 register is cleared to 0000H after reset, and the CCR1 buffer register is cleared to 0000H.

CCR2 buffer register

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

When the TQnCCR2 register is used as a compare register, the value written to the TQnCCR2 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 (INTTQnCC2) is generated.

The CCR2 buffer register cannot be read or written directly.

The TQnCCR2 register is cleared to 0000H after reset, and the CCR2 buffer register is cleared to 0000H.

CCRS3 buffer register

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

When the TQnCCRBS register is used as a compare register, the value written to the TQnCCRS3 register is
transferred to the CCRS3 bulffer register. When the count value of the 16-bit counter matches the value of the
CCRB3 buffer register, a compare match interrupt request signal (INTTQnCC3) is generated.

The CCR3 buffer register cannot be read or written directly.

The TQNCCRS3 register is cleared to 0000H after reset, and the CCR3 buffer register is cleared to 0000H.

Edge detector

This circuit detects the valid edges input to the TIQ00 to TIQ03 and EVTQO pins. No edge, rising edge, falling
edge, or both the rising and falling edges can be selected as the valid edge by using the TQOIOC1 and
TQOIOC2 registers.

Output controller

This circuit controls the output of the TOQ00, TOQ01/TOQHO01, TOQ02, TOQO3/TOQHO2, TOQHO3, and
TOQ10 pins. The output of the TOQ00, TOQ01/TOQHO1, TOQ02, TOQO3/TOQHO2, and TOQHO03 pins is
controlled by the TQOIOCO register. The output of the TOQ10 pin is controlled by the TQ1I0CO register.

Selector

This selector selects the count clock for the 16-bit counter. Eight types of internal clocks or an external event
can be selected as the count clock.
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7.4 Registers

(1) TMQn control register 0 (TQnCTLO)
The TQnCTLO register is an 8-bit register that controls the TMQn operation.
This register can be read or written in 8-bit or 1-bit units.

Reset sets this register to O0H.
The same value can always be written to the TQnCTLO register by software.

After reset: 00H

<7>

R/W Address: TQOCTLO FFFFF5COH, TQ1CTLO FFFFF600H

3 2 1 0

TQNCTLO | TQNCE |

0  [TQnCKS2[TQnCKS1 | TQnCKSo|

(n=0,1)

TQnCE TMQn operation control
0 TMQn operation disabled (TMQn reset asynchronously™®*®)
1 TMQn operation enabled. Start TMQn operation
TQnCKS2 TQnCKS1| TQnCKSO Internal count clock selection
0 0 0 fxx
0 0 1 fxx/2
0 1 0 fxx/4
0 1 1 fxx/8
1 0 0 fxx/16
1 0 1 fxx/32
1 1 0 fxx/64
1 1 1 fxx/128

Remark fxx: Peripheral clock

Note The TQnOPTO.TQnOVF bit and 16-bit counter are reset simultaneously. Moreover, timer outputs
(TOQO00, TOQO1/TOQHO1, TOQO2, TOQO3/TOQH02, TOQHO03, and TOQ10 pins) are reset to the
TQnIOCO register set status at the same time as the 16-bit counter.

Cautions 1. Set the TQnCKS2 to TQnCKSO0 bits when the TQnCE bit = 0.
When the value of the TQnCE bit is changed from 0 to 1, the TQnCKS2 to TQnCKSO0 bits can
be set simultaneously.

2. Be sure to clear bits 3 to 6 to 0.

(2) TMQn control register 1 (TQnCTL1)
The TQnCTL1 register is an 8-bit register that controls the TMQn operation.

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

Reset sets this register to O0H.
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After reset: O0H R/W Address: TQOCTL1 FFFFF5C1H, TQ1CTL1 FFFFF601H

7 6 5 4 3 2 1 0
TonCTL | 0 |Tooesmeer|taoeee’] o | o |TanMD2|TQnMD1 | TanmDO|
(n=0,1)
TQOESTMete! 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 TQOEST bit as the
trigger.

* In external trigger pulse output mode:
A PWM waveform is output with writing 1 to the TQOEST bit as the
trigger.

Read value of the TQOEST bit is always 0.

TQOEEENete1 Count clock selection

0 Disable operation with external event count input (EVTQO pin).
(Perform counting with the count clock selected by the
TQOCTLO.TQOCKSO0 to TQOCTLO.TQOCKS2 bits.)

1 Enable operation with external event count input (EVTQO pin).
(Perform counting at the valid edge of the external event count input
signal.)

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

TQnMD2| TQnMD1 | TQnMDO Timer mode selection
0 0 0 Interval timer mode
0 0 1 External event count modeNete2
0 1 0 External trigger pulse output modeNete 2
0 1 1 One-shot pulse output modeNete2
1 0 0 PWM output modeNete 2
1 0 1 Free-running timer mode
1 1 0 Pulse width measurement modeN°te 2
1 1 1 6-phase PWM output modeNete 3

Notes 1. These bits can be set only in TMQO. Be sure to clear bits 5 and 6 of TMQ1 to 0.

2. These modes can be set only in TMQO. Do not set them in TMQ1.
3. These modes can be set only in TMQ1. Do not set them in TMQO. This mode cannot be used when
only TMQ1 is used. For details, see CHAPTER 9 MOTOR CONTROL FUNCTION.

Cautions 1. The TQOEST bit is valid only in the external trigger pulse output mode or one-shot pulse

output mode. In any other mode, writing 1 to this bit is ignored.

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

3. Set the TQnEEE and TQnMD2 to TQnMDO bits when the TQnCTL0.TQnCE bit = 0. (The
same value can be written when the TQnCE bit = 1.) The operation is not guaranteed when
rewriting is performed with the TQnCE bit = 1. If rewriting was mistakenly performed, clear
the TQNCE bit to 0 and then set the bits again.

4. Be sure to clear bits 3,4,and 7 to 0.
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(3) TMQn I/O control register 0 (TQnIOCO)
The TQnIOCO register is an 8-bit register that controls the timer output (TOQ00, TOQ01/TOQHO1, TOQO02,
TOQO03/TOQH02, TOQHO03, and TOQ1T1 to TOQ1T3 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: TQOIOCO FFFFF5C2H, TQ110C0 FFFFF602H

7 <6> 5 <4> 3 <2> 1 <0>
TQNIOCO  [TQOOL3"* TQOOE3" [TQOOL2"* [TQOE2"* | TQOOL1™* TQOOE**"| TQnOLO | TQnOE |

n=0,1
[b =1to 3] K K
TQnOLm Output level setting of TOQnm, TOQHOb, TOQ1Tb pingNete2
(TMQO: m=01to 3, TMQ1: m =0)

0 TOQnm, TOQHOb, and TOQ1Tb pins start output at high level.
1 TOQnm, TOQHOb, and TOQ1Tb pins start output at low level.

TQnOEm Output setting of TOQnm, TOQHOb, TOQ1Tb pins
(TMQO: m=01to 3, TMQ1: m = 0)

0 Timer output prohibited

e Low level is output from the TOQnm, TOQHOb, and TOQ1Tb pins
when the TQnOLm bit = 0.

¢ High level is output from the TOQnm, TOQHOb, and TOQ1Tb pins
when the TQnOLm bit = 1.

1 Timer output enabled (A pulse is output from the TOQnm, TOQHODb,
and TOQ1Tb pins.)

Notes 1. Be sure to clear bits 2 to 7 of the TQ1IOCO register to 0 when using TMQ1 as an interval
timer or a free-running timer.
In addition, set bits 2, 4, and 6 of the TQ1lIOCO register to 1, and bits 3, 5, and 7 to 0 or 1
when using the functions of TOQ1T1 to TOQ1T3 and TOQ1B1 to TOQ1B3 with TMQ1 as a
6-phase PWM output.
2. The output level of the timer output pins (TOQnm, TOQHOb, and TOQ1Tb) specified by the
TQnOLm bit is shown below.

e When TQnOLm bit =0 e When TQnOLm bit = 1
16-bit counter | ) 16-bit counter I )
TQnCE bit [ TQnCE bit [+ _
TOQnm, TOQHOD, |—|' TOQnm, TOQHOb, !
TOQ1Tb pin outputs TOQ1Tb pin outputs

Cautions 1. If the setting of the TQnIOCO register is changed when TOQnm, TOQHOb, and TOQ1Tb are
set to 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.

User's Manual U16910EJ4V1UD 247



CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

2/2)

Cautions 2. Rewrite the TQnOLm and TQnOEm bits when the TQnCTLO.TQnCE bit = 0. (The same value
can be written when the TQnCE bit = 1.) If rewriting was mistakenly performed, clear (0)
the TQNCE bit and then set the bits again.

3. If the TQnOLm bit is manipulated when the TQnCE and TQnOE bits are 0, the output level of
the TOQnm, TOQHOb, and TOQ1Tb pins changes.

4. To generate the TOQ1Tb 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 TOQ1Tb pin output
mode using the TQ110CO register. At this time, be sure to clear the TQ10LO bit to 0 and set
the TQ10EO bit to 1 (b = 1 to 3).
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(4) TMQO I/O control register 1 (TQOIOC1)
The TQOIOCH1 register is an 8-bit register that controls the valid edge for the capture trigger input signals

(T1QOO0 to TIQO3 pins).

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

Reset sets this register to 00H.

Remark TMQ1 does not have the TQ110C1 register.

After reset: 00H R/W

7 6

Address: FFFFF5C3H

5 4 3 2 1 0

TQoloct | Taois7 | TQoiss | TQoiss | Taois4 | Taoisa | Taois2 | Taoist | Taoiso |

TQOIS7 | TQOIS6

Capture trigger input signal (TIQO03 pin) valid edge setting

No edge detection (capture operation invalid)

Detection of rising edge

0 0
0 1
1 0

Detection of falling edge

1 1

Detection of both edges

TQOIS5 | TQOIS4

Capture trigger input signal (TIQ02 pin) valid edge setting

No edge detection (capture operation invalid)

Detection of rising edge

Detection of falling edge

0 0
0 1
1 0
1 1

Detection of both edges

TQOIS3 | TQOIS2

Capture trigger input signal (TIQ01 pin) valid edge setting

No edge detection (capture operation invalid)

Detection of rising edge

Detection of falling edge

0 0
0 1
1 0
1 1

Detection of both edges

TQOIS1 | TQOISO

Capture trigger input signal (TIQOO0 pin) valid edge setting

No edge detection (capture operation invalid)

Detection of rising edge

Detection of falling edge

0 0
0 1
1 0
1 1

Detection of both edges

Cautions 1. Rewrite the TQOIS7 to TQOISO bits when the TQOCTLO0.TQOCE bit = 0. (The same value can
be written when the TQOCE bit = 1.) If rewriting was mistakenly performed, clear (0) the

TQOCE bit and then set the bits again.

2. The TQOIS7 to TQOISO bits are valid only in the free-running timer mode (only when
TQOOPT0.TQOCCS3 to TQOOPT0.TQOCCSO0 bits = 1111) and pulse width measurement

mode. In all other modes, a capture operation is not performed.
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(5) TMQO I/O control register 2 (TQ0IOC2)
The TQOIOC?2 register is an 8-bit register that controls the valid edge for the external event count input signal
(EVTQO pin).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

Remark TMQ1 does not have the TQ110C2 register.

After reset: 00H R/W Address: FFFFF5C4H

6 5 4 3 2 1 0
TQoioc2 | 0 0 0 0  |TQoEEStTQOEESO| 0 o |
TQOEES1|TQOEESO|External event count input signal (EVTQO 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

Cautions 1. Rewrite the TQOEES1 and TQOEESO bits when the TQOCTLO.TQOCE bit = 0. (The same
value can be written when the TQOCE bit = 1.) If rewriting was mistakenly performed, clear
(0) the TQOCE bit and then set the bits again.
2. The TQOEES1 and TQOEESO bits are valid only when the TQOCTL1.TQOEEE bit = 1 or when
the external event count mode is set (TQOCTL1.TQOMD2 to TQOCTL1.TQOMDO bits = 001).
3. Be sure to clear bits 0,1,and 4to 7 to 0.
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(6) TMQn option register 0 (TQnOPTO0)

The TQnOPTO register is an 8-bit register used to set the capture/compare operation and detect 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: TQOOPTO FFFFF5C5H, TQ1OPTO FFFFF605H

<7> <6> <5> <4> 3 <2> <1> <0>

TQnOPTO |TQOCCS3”‘“E1 TQOCCS2"*e ! TQOCCS1M® | TQOCCSOMte! 0 ‘TCNCMS”"lez TQ1CUFNete2 TQnOVFl
(n=0,1)

TQOCCSm TQOCCRmM register capture/compare selection (m = 0 to 3)

0 Compare register selected
1 Capture register selected (cleared by TQOCTLO.TQOCE bit = 0)
The TQOCCSm bit setting is valid only in the free-running timer mode.

TQnOVF TMAQn overflow flag
Set (1) Overflow occurred
Reset (0) 0 written to TQnOVF bit or TQnCTLO.TQNCE bit = 0

e The TQnOVF bit is set (1) when the 16-bit counter value overflows from FFFFH to
0000H in the free-running timer mode or the pulse width measurement mode.

¢ An overflow interrupt request signal (INTTQnQOV) is generated at the same time
that the TQNOVF bit is set (1). The INTTQnOV signal is not generated in modes
other than the free-running timer mode and the pulse width measurement mode.

e The TQnOVF bit is not cleared to 0 even when the TQnOVF bit or the TQnOPTO
register is read when the TQnOVF bit = 1.

¢ Before clearing the TQnOVF bit to 0 after generation of the INTTQNnOV signal, be
sure to confirm (by reading) that the TQnOVF bit is set to 1.

e The TQnOVF bit can be read or written, but the TQnOVF bit cannot be set (1) by
software. Writing 1 has no effect on the TMQn operation.

Notes 1. Valid only in TMQO. Be sure to clear bits 7 to 4 in TMQ1 to 0.

2. Valid only in TMQ1. Be sure to clear bits 2 and 1 of TMQO to 0. For details of the TQ1CMS and

TQ1CUF bits, see CHAPTER 9 MOTOR CONTROL FUNCTION.

Cautions 1. Rewrite the TQOCCS3 to TQOCCSO0 bits when the TQOCE bit = 0. (The same value can be
written when the TQOCE bit = 1.) If rewriting was mistakenly performed, clear (0) the

TQOCE bit = 0 and then set the bits again.
2. Be sure to clear bit 3 to 0.
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(7) TMQn capture/compare register 0 (TQnCCRO0)

The TQOCCRO register is a 16-bit register that can be used as a capture register or a compare register
depending on the mode. The TQ1CCRO register is a 16-bit register that can only be used as a compare
register.

The TQOCCRO 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 TQOOPTO0.TQOCCSO bit. In the pulse width measurement mode, the
TQOCCRO register can be used only as a capture register. In any other mode, this register can be used only
as a compare register.

The TQnCCRO register can be read or written during operation.

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

Reset sets this register to 0000H.

After reset: 0000H R/W Address:  TQOCCRO FFFFF5C6H, TQ1CCRO FFFFF606H

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

tancoro | | [ L [ [ P T P ]
(n=0,1)

252

User’'s Manual U16910EJ4V1UD



CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

(@)

(b)

Function as compare register

The TQnCCRO register can be rewritten even when the TQnCTLO0.TQNCE bit = 1.

The set value of the TQnCCRO 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
(INTTQNnCCO) is generated. If TOQNO pin output is enabled at this time, the output of the TOQnNO pin is
inverted.

When the TQnCCRO register is used as a cycle register in the interval timer mode, external event count

Note

, or PWM output mode™",

Note Note Note

mode ™, external trigger pulse output mode™", one-shot pulse 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 the TQnCTLO.TQNnCE bit = 0.

Note These modes can be set only in TMQO. They cannot be set in TMQ1.

Function as capture register (TQOCCRO register only)

When the TQOCCRO register is used as a capture register in the free-running timer mode, the count value
of the 16-bit counter is stored in the TQOCCRO register if the valid edge of the capture trigger input pin
(TIQOO0 pin) is detected. In the pulse width measurement mode, the count value of the 16-bit counter is
stored in the TQOCCRO register and the 16-bit counter is cleared (0000H) if the valid edge of the capture
trigger input pin (TIQOO pin) is detected.

Even if the capture operation and reading the TQOCCRO register conflict, the correct value of the
TQOCCRO register can be read.

The capture register is cleared by the TQOCTLO.TQOCE bit = 0.

The following table shows the functions of the capture/compare register in each mode, and how to write data to
the compare register.

Table 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

Note 1

External event counter

Compare register

Anytime write

Notes 1,2

External trigger pulse output

Compare register

Note 3

Batch write

Notes 1,2

One-shot pulse output

Compare register

Anytime write

PWM output™™*®’

Compare register

Note 3

Batch write

Free-running timer

Capture/compare register

Anytime write

Note 1

Pulse width measurement

Capture register

None

Notes 1. TMQO only

2. This mode can be set only with the software trigger. No external trigger input pin is available.

3. Writing to the TQOCCRT1 register is the trigger.

Remark
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For anytime write and batch write, see 7.6 (2) Anytime write and batch write.
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(8) TMQn capture/compare register 1 (TQnCCR1)

The TQOCCR1 register is a 16-bit register that can be used as a capture register or a compare register
depending on the mode. The TQ1CCR1 register is a 16-bit register that can only be used as a compare
register.

The TQOCCR1 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 TQOOPTO0.TQOCCSH1 bit. In the pulse width measurement mode, the
TQOCCRT1 register can be used only as a capture register. In any other mode, this register can be used only
as a compare register.

The TQnCCR1 register can be read or written during operation.

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

Reset sets this register to 0000H.

After reset: 0000H R/W Address: TQOCCR1 FFFFF5C8H, TQ1CCR1 FFFFF608H

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ancerr | | [ L [ LT PP
(n=0,1)
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(@)

(b)

Function as compare register

The TQnCCRT1 register can be rewritten even when the TQnCTLO0.TQNCE bit = 1.

The set value of the TQnNCCR1 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
(INTTQnCC1) is generated. If TOQO1/TOQHO1 pin output is enabled at this time, the output of the
TOQO1/TOQHO1 pin is inverted (the TOQ11 and TOQH11 pins are not provided).

The compare register is not cleared by the TQnCTLO.TQNnCE bit = 0.

Function as capture register (TQOCCR1 register only)

When the TQOCCR1 register is used as a capture register in the free-running timer mode, the count value
of the 16-bit counter is stored in the TQOCCR1 register if the valid edge of the capture trigger input pin
(TIQO1 pin) is detected. In the pulse width measurement mode, the count value of the 16-bit counter is
stored in the TQOCCR1 register and the 16-bit counter is cleared (0000H) if the valid edge of the capture
trigger input pin (TIQO1 pin) is detected.

Even if the capture operation and reading the TQOCCR1 register conflict, the correct value of the
TQOCCRT1 register can be read.

The capture register is cleared by the TQOCTLO.TQOCE bit = 0.

The following table shows the functions of the capture/compare register in each mode, and how to write data to

the compare register.

Table 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

Note 1

External event counter

Compare register

Anytime write

Notes 1,2

External trigger pulse output

Compare register

Note 3

Batch write

Notes 1, 2

One-shot pulse output

Compare register

Anytime write

PWM output™™*®’

Compare register

Note 3

Batch write

Free-running timer

Capture/compare register

Anytime write

Note 1

Pulse width measurement

Capture register

None

Notes 1. TMQO only

2. This mode can be set only with the software trigger. No external trigger input pin is available.

3. Writing to the TQOCCRT1 register is the trigger.

Remark
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For anytime write and batch write, see 7.6 (2) Anytime write and batch write.
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(9) TMQn capture/compare register 2 (TQnCCR2)

The TQOCCR2 register is a 16-bit register that can be used as a capture register or a compare register
depending on the mode. The TQ1CCR2 register is a 16-bit register that can only be used as a compare
register.

The TQOCCR2 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 TQOOPTO0.TQOCCS2 bit. In the pulse width measurement mode, the
TQOCCR?2 register can be used only as a capture register. In any other mode, this register can be used only
as a compare register.

The TQnCCR2 register can be read or written during operation.

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

Reset sets this register to 0000H.

After reset: 0000H R/W Address:  TQOCCR2 FFFFF5CAH, TQ1CCR2 FFFFF60AH

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

tancere | | [ | [ [ L T LT
(n=0,1)
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(@)

(b)

Function as compare register

The TQnCCR2 register can be rewritten even when the TQnCTLO.TQNCE bit = 1.

The set value of the TQNCCR2 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
(INTTQnCC2) is generated. If TOQ02/TOQHO02 pin output is enabled at this time, the output of the
TOQO02/TOQHO02 pin is inverted (the TOQ12 and TOQH12 pins are not provided).

The compare register is not cleared by the TQnCTL0.TQNnCE bit = 0.

Function as capture register (TQOCCR2 register only)

When the TQOCCR2 register is used as a capture register in the free-running timer mode, the count value
of the 16-bit counter is stored in the TQOCCR2 register if the valid edge of the capture trigger input pin
(TIQO02 pin) is detected. In the pulse width measurement mode, the count value of the 16-bit counter is
stored in the TQOCCR2 register and the 16-bit counter is cleared (0000H) if the valid edge of the capture
trigger input pin (TIQO02 pin) is detected.

Even if the capture operation and reading the TQOCCR2 register conflict, the correct value of the
TQOCCR2 register can be read.

The capture register is cleared by the TQOCTLO.TQOCE bit = 0.

The following table shows the functions of the capture/compare register in each mode, and how to write data to

the compare register.

Table 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

Note 1

External event counter

Compare register

Anytime write

Notes 1,2

External trigger pulse output

Compare register

Note 3

Batch write

Notes 1, 2

One-shot pulse output

Compare register

Anytime write

PWM output™™*®’

Compare register

Note 3

Batch write

Free-running timer

Capture/compare register

Anytime write

Note 1

Pulse width measurement

Capture register

None

Notes 1. TMQO only

2. This mode can be set only with the software trigger. No external trigger input pin is available.

3. Writing to the TQOCCRT1 register is the trigger.

Remark
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For anytime write and batch write, see 7.6 (2) Anytime write and batch write.
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(10) TMQn capture/compare register 3 (TQnCCR3)

The TQOCCRS3 register is a 16-bit register that can be used as a capture register or a compare register
depending on the mode. The TQ1CCRS register is a 16-bit register that can only be used as a compare
register.

The TQOCCRS 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 TQOOPTO0.TQOCCSS3 bit. In the pulse width measurement mode, the
TQOCCRS register can be used only as a capture register. In any other mode, this register can be used only
as a compare register.

The TQnCCRS3 register can be read or written during operation.

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

Reset sets this register to 0000H.

After reset: 0000H R/W Address: TQOCCR3 FFFFF5CCH, TQ1CCR3 FFFFF60CH

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

(b)

Function as compare register

The TQnCCRB3 register can be rewritten even when the TQnCTLO.TQNCE bit = 1.

The set value of the TQnNCCRS3 register is transferred to the CCR3 buffer register. When the value of the
16-bit counter matches the value of the CCRS3 buffer register, a compare match interrupt request signal
(INTTQnCCS) is generated. If TOQO3/TOQHO3 pin output is enabled at this time, the output of the
TOQO3/TOQHO03 pin is inverted (the TOQ13 and TOQH13 pins are not provided).

The compare register is not cleared by the TQnCTL0.TQNnCE bit = 0.

Function as capture register (TQOCCRS3 register only)

When the TQOCCRB3 register is used as a capture register in the free-running timer mode, the count value
of the 16-bit counter is stored in the TQOCCRS register if the valid edge of the capture trigger input pin
(TIQOS pin) is detected. In the pulse width measurement mode, the count value of the 16-bit counter is
stored in the TQOCCRBS register and the 16-bit counter is cleared (0000H) if the valid edge of the capture
trigger input pin (TIQO3 pi) is detected.

Even if the capture operation and reading the TQOCCRS3 register conflict, the correct value of the
TQOCCRS register can be read.

The capture register is cleared by the TQOCTLO.TQOCE bit = 0.

The following table shows the functions of the capture/compare register in each mode, and how to write data to

the compare register.

Table 7-7. 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

Note 1

External event counter

Compare register

Anytime write

Notes 1,2

External trigger pulse output

Compare register

Note 3

Batch write

Notes 1, 2

One-shot pulse output

Compare register

Anytime write

PWM output™™*®’

Compare register

Note 3

Batch write

Free-running timer

Capture/compare register

Anytime write

Note 1

Pulse width measurement

Capture register

None

Notes 1. TMQO only

2. This mode can be set only with the software trigger. No external trigger input pin is available.

3. Writing to the TQOCCRT1 register is the trigger.

Remark
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For anytime write and batch write, see 7.6 (2) Anytime write and batch write.
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(11) TMQn counter read buffer register (TQNCNT)
The TQNCNT register is a read buffer register that can read the count value of the 16-bit counter.
If this register is read when the TQnCTLO.TQNCE 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 TQnCNT register is cleared to 0000H when the TQnCE bit = 0. If the TQnNCNT 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 TQNCE bit is cleared to 0 after reset, and the TQnCNT register is cleared to 0000H.

After reset: 0000H R Address: TQOCNT FFFFF5CEH, TQ1CNT FFFFF60EH

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

I N .
(n=0,1)
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7.5 Timer Output Operations

The following table shows the operations and output levels of the TOQ00 to TOQ03, TOQ10, and TOQHO1 to

TOQHO3 pins.

Table 7-8. Timer Output Control in Each Mode

Operation Mode TOQnNO Pin TOQO1 to TOQO03 Pins TOQHO01 to TOQHO3 Pins
Interval timer mode PWM output None
External event count mode None
External trigger pulse output PWM output™* External trigger pulse output | None
mode
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) None
Pulse width measurement mode | None

Note TOQOO pin only

Remark n=0,1

Table 7-9. Truth Table of TOQ00 to TOQ03, TOQ10, and TOQHO01 to TOQHO03 Pins
Under Control of Timer Output Control Bits

TQnIOCO.TQNOLa Bit TQnIOCO.TQNnOEa Bit TQnCTLO.TQNCE Bit Level of TOQna and TOQH1b Pins
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 a=0to3whenn=0
a=0whenn=1
b=1t0o3
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7.6 Operation

The functions that can be realized differ between TMQO and TMQ1.

below.

Table 7-10. TMQO Specifications in Each Mode

The functions of each channel are shown

Operation

TQOCTL1.TQOEST Bit
(Software Trigger Bit)

Capture/Compare Register
Setting

Compare Register Write
Method

Interval timer mode Invalid Compare only Anytime write
External event count mode Invalid Compare only Anytime write
External trigger pulse output mode | Valid Compare only Batch write

One-shot pulse output mode Valid Compare only Anytime write
PWM output mode Invalid Compare only Batch write

Free-running timer mode Invalid Switchable Anytime write
Pulse width measurement mode Invalid Capture only Not applicable

Table 7-11. TMQ1 Specifications in Each Mode

Operation Software Trigger Bit Capture/Compare Register Compare Register Write
Setting Method
Interval timer mode Invalid Compare only Anytime write
External event count mode None
External trigger pulse output mode | None
One-shot pulse output mode None
PWM output mode None
Free-running timer mode Invalid Compare only Anytime write
Pulse width measurement mode None

Remark TMQ1 has a function to execute tuning with TMP1. For details, see CHAPTER 9 MOTOR CONTROL

FUNCTION.
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

(1) Basic counter operation
This section explains the basic operation of the 16-bit counter. For details, refer to the description of the

operation in each mode.

Remark n=0,1

(@

(b)

()

(d)

a=0to3

Counter start operation
¢ In external event count mode
When the TQOCTLO.TQOCE 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 (EVTQO) 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 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
INTTQNnCCa 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. If the counter overflows, the TQnNOPTO0.TQnOVF bit is set to 1
and an interrupt request signal (INTTQnOV) is generated. Note that the INTTQnOV signal is not
generated under the following conditions.

¢ Immediately after a counting operation has been started

¢ 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 (INTTQnOV) has been generated, be sure to
check that the overflow flag (TQnOVF bit) is set to 1.

Counter read operation during counting operation

The value of the 16-bit counter of TMQn can be read by using the TQnCNT register during the count
operation. When the TQnCTLO.TQnCE bit = 1, the value of the 16-bit counter can be read by reading the
TQOCNT register. However, when the TQnCE bit = 0, the 16-bit counter is FFFFH and the TQnCNT
register is 0000H.
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(e) Interrupt operation
TMQn generates the following five interrupt request signals.

¢ INTTQNCCO interrupt: This signal functions as a match interrupt request signal of the CCRO buffer
register and as a capture interrupt request signal to the TQnCCRO register.
¢ INTTQNCCH1 interrupt: This signal functions as a match interrupt request signal of the CCR1 buffer
register and as a capture interrupt request signal to the TQnCCR1 register.
INTTQnCC2 interrupt: This signal functions as a match interrupt request signal of the CCR2 buffer
register and as a capture interrupt request signal to the TQnCCR2 register.
INTTQNnCCS interrupt: This signal functions as a match interrupt request signal of the CCR3 buffer
register and as a capture interrupt request signal to the TQnCCRS register.
¢ INTTQNOV interrupt: This signal functions as an overflow interrupt request signal.
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(2) Anytime write and batch write

The TQnCCRO to TQnCCRS3 registers can be rewritten in the TMQn during timer operation (TQnCTLO.TQnCE
bit = 1), but the write method (anytime write, batch write) of the CCRO to CCRS3 buffer registers differs

depending on the mode.

(a) Anytime write
In this mode, data is transferred at any time from the TQnCCRO to TQnCCRS3 registers to the CCRO to

CCRS3 buffer registers during the timer operation (n =0, 1).

Figure 7-4. Flowchart of Basic Operation for Anytime Write

( START )

Initial settings

¢ Set values to TQnCCRa register
e Timer operation enable
(TQnCE bit=1)
— Transfer values of TQnCCRa
register to CCRa buffer
register

TQnCCRa register rewrite
— Transfer to CCRa buffer register

Timer operation

e Match between 16-bit counter
and CCRb buffer registerNot

e Match between 16-bit counter
and CCRO buffer register

e 16-bit counter clear & start

i

— INTTQnCCb signal output

INTTQnCCO signal output

Note The 16-bit counter is not cleared upon a match between the value of the 16-bit counter and the value of

the CCRb buffer register. It is cleared upon a match between the value of the 16-bit counter and the

value of the CCRO bulffer register.

Remarks 1.
2.

The above flowchart illustrates an example of the operation in the interval timer mode.

n=0,1
a=0to3
b=1to3
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Figure 7-5. Timing of Anytime Write

TQnCE bit =1

FFFFH
Doz

D21 D21 D21
16-bit S D1, Doy D1z

counter
D D / D / D31/
0000H o "9 '{71 r
TQnCCRO
el >f T
CCRO buffer ;L X

. 0000H Dot
register

INTTQnCCO
signal

TQnCCR1 X
register

CCR1 buffer 5500 D X
register
INTTQNCCH1
signal
TQnCCR2
register
CCR2 buffer
register
INTTQNCC2
signal
TQnCCR3
register ‘ ‘
CCRS buffer
register

INTTQNCC3
signal

0000H D21

0000H D31

Remarks 1. Do1, Doz2: Setting values of TQnCCRO register
D11, D12: Setting values of TQnCCR1 register
Do1: Setting value of TQnCCR2 register
Dat1: Setting value of TQnCCRS3 register
2. The above timing chart illustrates an example of the operation in the interval timer mode.
3. n=0,1

266 User's Manual U16910EJ4V1UD



CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

(b) Batch write
In this mode, data is transferred all at once from the TQOCCRO to TQOCCRS registers to the CCRO to
CCRS3 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
TQOCCRT1 register.
Whether to enable or disable the next transfer timing is controlled by writing or not writing to the TQOCCR1
register.
In order for the setting value when the TQOCCRO to TQOCCRS3 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 TQOCCRO and finally write to the TQOCCR1 register before the
16-bit counter value and the CCRO buffer register value match. The values of the TQOCCRO to TQOCCRS3
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 TQOCCRO0, TQOCCR2, or TQOCCRB3 register, also write the same value (same as preset value
of the TQOCCRH1 register) to the TQOCCR1 register.

Remark TMQ1 cannot be set in a mode in which it can be rewritten by batch write.
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Figure 7-6. Flowchart of Basic Operation for Batch Write

‘ START )

Initial settings

|
e Set values to TQOCCRa register
 Timer operation enable (TQOCE
bit = 1)
— Transfer of values of
TQOCCRa register to CCRa
buffer register

TQOCCRYy register rewrite

TQOCCRT1 register rewrite — Batch write enable

Timer operation

e Match between 16-bit counter
and CCRb buffer registeriete
Match between 16-bit counter —— INTTQOCCO signal output
and CCRO buffer register

16-bit counter clear & start
Transfer of values of TQOCCRa
register to CCRa buffer register

INTTQOCCD signal output

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

Caution Writing to the TQOCCR1 register includes enabling of batch write. Thus, rewrite the TQOCCR1
register after rewriting the TQOCCR0, TQOCCR2, and TQOCCR3 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

268 User's Manual U16910EJ4V1UD



CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

Figure 7-7. Timing of Batch Write
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CCRB3 buffer Y
register Note 1

INTTQOCCO
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INTTQOCCH
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INTTQOCC2
signal
INTTQOCC3
signal
TOQO00

pin output
TOQO1

pin output
TOQO02

pin output

TOQO03
pin output

Notes 1.
2. Because TQOCCR1 register has been written (D12), data is transferred to the CCR1 buffer register

Because the TQOCCR1 register was not rewritten, Doz is not transferred.

upon a match between the value of the 16-bit timer and the value of the TQOCCRO register (Do).
3. Because TQOCCR1 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 TQOCCRO register (D12).

Remarks 1. Dot1, Doz, Do3: Setting values of TQOCCRO register
D11, D12: Setting values of TQOCCR1 register
D21: Setting value of TQOCCR2 register
Das1, Daz, D33: Setting values of TQOCCRBS register
2. The above timing chart illustrates an example of the operation in the PWM output mode.
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7.6.1 Interval timer mode (TQnMD2 to TQnMDO bits = 000)

In the interval timer mode, an interrupt request signal (INTTQnCCO) is generated at the interval set by the
TQnCCRO register if the TQNCTLO.TQNCE 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 TOQnO pin.

The TQnCCR1 to TQnCCRS3 registers are not used in the interval timer mode, but the set value of the TQnCCR1 to
TQNnCCRS3 registers is transferred to the CCR1 to CCR3 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
(INTTQNCC1 to INTTQNCC3) are generated. In addition, a PWM waveform with a duty factor of 50%, which is
inverted when the INTTQOCC1 to INTTQOCCS signals are generated, can be output from the TOQO01 to TOQOS3 pins.

The value of the TQnCCR1 to TQnCCR3 registers can be rewritten even while the timer is operating.

Figure 7-8. Interval Timer Configuration

Clear
Count clock . Output .
selection | — 16-bit counter 1 controller —=© TOQnNO pin
Match signal
#x# a’ch sigha INTTQNCCO signal
TQnCE bit CCRO buffer register

i

TQNCCRO register

Remark n=0,1

Figure 7-9. Basic Timing of Operation in Interval Timer Mode

FFFFH

16-bit counter

0000H

TQnCE bit

TQnCCRO register x Do

TOQnO pin output

INTTQNCCO signal —| —| —| —|

Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1)

Remark n=0,1
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When the TQNCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0000H in synchronization
with the count clock, and the counter starts counting. At this time, the output of the TOQnO pin is inverted. Additionally,
the set value of the TQnCCRO 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 TOQnO pin is inverted, and a compare match interrupt request signal
(INTTQNCCO) is generated.

The interval can be calculated by the following expression.

Interval = (Set value of TQnCCRO register + 1) x Count clock cycle
Remark n=0,1

Figure 7-10. Register Setting for Interval Timer Mode Operation (1/3)

(a) TMQn control register 0 (TQNCTLO)

TQnCE TQNCKS2 TQnCKS1 TQnCKS0
TQnCTLOl 0/1 \ 0 \ 0 \ 0 \ 0 \ 0/ \ 0 \ 0 |
| |

—— Select count clock

0: Stop counting
1: Enable counting

(b) TMQn control register 1 (TQnCTL1)

TQOEST TQOEEE TQnMD2 TQnMD1 TQnMDO
TQnCTL1| 0 ‘ 0 ‘ 0/1Mete

o [ ol o | o] o]
0,0,0:
Interval timer mode
0: Operate on count
clock selected by
TQOCKSO0 to TQOCKS?2 bits
1: Count with external
event count input signal

Note Enable setting of the TQOEEE bit to 1 only when timer output (TOQO00, TOQOb) is used.
In this case, set the TQOCCRO and TQOCCRD registers to the same value (b = 1 to 3).

User's Manual U16910EJ4V1UD 271



CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

Figure 7-10. Register Setting for Interval Timer Mode Operation (2/3)

(c) TMQ@n I/O control register 0 (TQnIOCO)

TQOOL3 TQOOE3 TQOOL2 TQOOE2 TQOOL1 TQOOE1 TQnOLO TQnOEO
TQnIOCOl 0/1 \ 0/1 \ 0/ \ 0/ \ 0/1 \ 0/1 \ 0/1 \ 0/1 |

0: Disable TOQnO pin output
1: Enable TOQnO pin output

Setting of TOQNO pin output
level before count operation
0: Low level
1: High level

0: Disable TOQO1 pin output
1: Enable TOQO1 pin output

Setting of TOQn1 pin output
level before count operation
0: Low level
1: High level

0: Disable TOQO2 pin output
1: Enable TOQO2 pin output

Setting of TOQN2 pin output
level before count operation
0: Low level
1: High level

0: Disable TOQOS3 pin output
1: Enable TOQOS3 pin output

Setting of TOQN3 pin output
level before count operation
0: Low level
1: High level

<R> (d) TMQO I/O control register 2 (TQ0IOC2)

TQOEES1 TQOEESO TQOETS1 TQOETSO
TOOIOCZl 0 \ 0 \ 0 \ 0 \0/1"*"9 0/1Note 0 \ 0 |

L]

Selection of valid edge
of external event count
input (EVTQO pin)

Note Enable setting of the TQOEES1 and TQOEESO bits only when timer output (TOQO00 to TOQO03) is
used. In this case, set the TQOCCRO to TQOCCRS registers to the same value.

(e) TMQn counter read buffer register (TQnNCNT)
By reading the TQnCNT register, the count value of the 16-bit counter can be read.

(f) TMQn capture/compare register 0 (TQnCCRO)
If the TQnCCRAO register is set to Do, the interval is as follows.

Interval = (Do + 1) x Count clock cycle
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Figure 7-10. Register Setting for Interval Timer Mode Operation (3/3)

(g) TMQn capture/compare registers 1 to 3 (TQnCCR1 to TQnCCR3)

The TQnCCR1 to TQnCCRB3 registers are not used in the interval timer mode, but the set values of the
TQnCCR1 to TQnCCRS3 registers are transferred to the CCR1 to CCRS buffer registers. When the count
value of the 16-bit counter matches the value of the CCR1 to CCRS3 buffer registers, the TOQO01 to
TOQO3 pin outputs are inverted and the compare match interrupt request signals (INTTQnCC1 to
INTTQNnCC3) are generated.

When the TQnCCR1 to TQnCCRS3 registers are not used, it is recommended to set their values to
FFFFH.  Also mask the registers by the interrupt mask flags (TQnCCIC1.TQnCCMK1 to
TQnCCIC3.TQnCCMKS).

Remarks 1. TMQO I/O control register 1 (TQOIOC1) and TMQn option register 0 (TQnNOPTO) are not
used in the interval timer mode.
2. n=0,1
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(1) Interval timer mode operation flow

Figure 7-11. Software Processing Flow in Interval Timer Mode

FFFFH

Do — Do — Do —
16-bit counter

0000H

TQNCE bit

TQNnCCRO register x Do

TOQnNO pin output

INTTQNCCO signal —| —| —|

<1> <2>

<1> Count operation start flow

o )

Register initial setting Initial setting of these registers is performed

TQnCTLO register before setting the TQnCE bit to 1.
(TQNCKSO to TQnCKS2 bits)

TQNCTLA1 register,
TQnIOCO register,
<R> TQOIOC?2 register°'e,
TQNnCCRO register

The TQnCKSO to TQnCKS2 bits can be
set at the same time when counting has
been started (TQnCE bit = 1).

TQnCE bit =1

<2> Count operation stop flow

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

The output level of the TOQNO pin is as
C o )

specified by the TQnIOCO register.
<R> Note Enable setting of the TQOEES1 and TQOEESO bits only when timer output (TOQO00 to TOQO03) is
used. In this case, set the TQOCCRO to TQOCCRS registers to the same value.

Remark n=0,1
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(2) Interval timer mode operation timing

(a) Operation if TQnCCRO register is set to 0000H
If the TQNCCRO register is set to 0000H, the INTTQNCCO signal is generated at each count clock, and the
output of the TOQnNO pin is inverted.
The value of the 16-bit counter is always 0000H.

Count clock
16-bit counter FFFFH 0000H 0000H 0000H 0000H
TQnNCE bit
TQnCCRO register 0000H

TOQnNO pin output

INTTQNCCO signal

Interval time Interval time Interval time
Count clock cycle | Count clock cycle | Count clock cycle

Remark n=0,1
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(b) Operation if TQnCCRO register is set to FFFFH

If the TQnCCRO 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 INTTQnCCO signal is generated and the
output of the TOQNO pin is inverted. At this time, an overflow interrupt request signal (INTTQnOV) is not

generated, nor is the overflow flag (TQNOPTO0.TQNOVF bit) set to 1.

FFFFH

16-bit counter

0000H

TQnCE bit

TQNCCRO register

TOQnO pin output

INTTQNCCO signal

Remark n=0,1

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 TQnCCRO register
If the value of the TQnCCRO 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

TQNCE bit J

TQNCCRO register D1 D2

TQnOLO bit L

TOQNO pin output

‘

INTTQNCCO signal —l —l

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 TQnNCCRO register is changed from D1 to D2 while the count value is greater than D2z but
less than D1, the count value is transferred to the CCRO buffer register as soon as the TQnCCRO register
has been rewritten. Consequently, the value of the 16-bit counter that is compared 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 D2, the INTTQnCCO
signal is generated and the output of the TOQnNO pin is inverted.

Therefore, the INTTQNCCO 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”.

User's Manual U16910EJ4V1UD 277



CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

(d) Operation of TQNCCR1 to TQnCCR3 registers

Figure 7-12. Configuration of TQnCCR1 to TQnCCR3 Registers

TQnCCR1
register

iy

ﬁ

TQnCE bit

CCRO buffer register

Remark n=0,1

il

TQNCCRO register

CCR1 buffer Output ;
. O TOQO1
register ( controller © TOQO1 pin
/% Match signal . INTTQNCCH1 signal
TQnCCR2
register
CCR2 buffer Output | .
register controller ©T0Q02 pin
& Match signal INTTQNCC2 signal
TQnCCR3
register
CCR8 buffer Output |~ © TOQO3 pin
register ( controller
{} Match signal | INTTQNCCS signal
Clear
Count o
clock 16-bit counter | QU 1 & 10ano pin
selection controller
Match signal
- Mo sgns INTTQNCCO signal
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<R> When the TQnCCRDb register is set to the same value as that of the TQnCCRO register, the INTTQnCCb
signal is generated at the same timing as the INTTQnCCO signal is generated, and the TOQOb pin output
is inverted. In other words, a PWM waveform with a duty factor of 50% can be output from the TOQOb pin.
The following shows the operation when the TQnCCRb register is set to other than the value set in the
TQNnCCRO register.
If the set value of the TQnCCRUb register is less than that of the TQNCCRO register, the INTTQnCCb signal
is generated once per cycle. At the same time, the output of the TOQODb pin is inverted.

<R> After outputting the short-width pulse first, the TOQOb pin outputs a PWM waveform with a duty factor of
50%.

Figure 7-13. Timing Chart When Do1 > Db1

FFFFH Do Doy _ Doy Dor

16-bit counter D %/ D31/ D D31/ D31/
DZWZ1 D21ZZ D21f'Z L~

0000H

TQNCE bit J

TQnCCRO register Dot

TOQnNO pin output

INTTQNCCO signal -| -| -| L

TQNCCRT1 register D11

TOQO1 pin output

INTTQNCC1 signal -| -| -| -|

TQnCCR2 register D21

TOQO2 pin output

INTTQnCC2 signal -| -| -| -|

TQNCCRBS register Ds1

TOQOS pin output

INTTQNCCS signal -| -| -| -|

Remark n=0,1
b=11t03
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If the set value of the TQnCCRUD register is greater than the set value of the TQnCCRO register, the count
value of the 16-bit counter does not match the value of the TQnCCRb register. Consequently, the
INTTQNnCCDb signal is not generated, nor is the output of the TOQOb pin changed.

When the TQnCCRDb register is not used, it is recommended to set its value to FFFFH.

Figure 7-14. Timing Chart When Do1 < Db1

FFFFH Do Dot Dot Dot
16-bit counter

0000H

TQNCE bit J

TQNCCRO register Do+

TOQnNO pin output

INTTQNnCCO signal -| -| -| L

TQnCCRH1 register D11

TOQO1 pin output

INTTQNCC1 signal L

TQNCCR2 register D21

TOQO2 pin output

INTTQNCC2 signal L

TQNCCRB3 register Da1

TOQO3 pin output

INTTQNnCCS signal L

Remark n=0,1
b=1to3
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<R> (3) Operation by external event count input (EVTQO)

(a) Operation
To count the 16-bit counter at the valid edge of external event count input (EVTQO) in the interval timer
mode, clear the 16-bit counter from FFFFH to 0000H at the valid edge of the first external event count
input after the TQOCE bit is set from O to 1.
When both the TQOCCRO0 and TQOCCRD registers are set to 0001H, the output of the TOQ00 and TOQOb
pins is inverted each time the 16-bit counter counts twice (b = 1 to 3).
The TQOCTLO.TQOEEE bit can be set to 1 in the interval timer mode only when the timer output (TOQOO,
TOQODb) is used with the external event count input.

FFFFH

. 0001H 0001H 0001H
16-bit counter

0000H —

TQOCE bit

External event count input J 1 {

(EVTQO pin input)

TQOCCRO register 0001H 0001H 0001H

TOQOO pin output

TQOCCRT1 register 0001H 0001H 0001H

TOQO1 pin output

TQOCCR?2 register 0001H 0001H 0001H

TOQO2 pin output

TQOCCRS register 0001H 0001H 0001H

TOQOS3 pin output

2-count width 2-count width 2-count width
Number of external Number of external Number of external
events: 3 events: 2 events: 2

Remark n=0,1
b=11t03
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7.6.2 External event count mode (TQOMD2 to TQOMDO bits = 001)

This mode is valid only in TMQO.

In the external event count mode, the valid edge of the external event count input (EVTQO) is counted when the
TQOCTLO.TQOCE bit is set to 1, and an interrupt request signal (INTTQOCCO) is generated each time the specified

<R> number of edges set by the TQOCCRO register have been counted. The TOQO0 to TOQO3 pins cannot be used.

When using the TOQO00 to TOQO3 pins in the external event count input mode, set the TQOCTL1.TQOEEE bit to 1 in
the interval timer mode (see 7.6.1 (3) Operation by external event count input (EVTQO)).

The TQOCCR1 to TQOCCRS registers are not used in the external event count mode.

Caution In the external event count mode, the TQOCCRO to TQOCCR3 registers must not be cleared to
0000H.

Figure 7-15. Configuration in External Event Count Mode

Clear

EVTQO pin Edae
(external event O— detgector >—~ 16-bit counter

count input)
{} Match signal INTTQOCCO signal

TQOCE bit CCRO buffer register

Tt

TQOCCRQO register
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Figure 7-16. Basic Timing in External Event Count Mode

FFFFH

16-bit counter

0000H

TQOCE bit

TQOCCRO register

INTTQOCCO signal

Note

Remark This figure shows the basic timing when the rising edge is specified as the valid edge of the

Do —— Do +

16-bit counter Do - 1 X Do 0000 XOOO1

: : External event
: count input | | | | | |

(EVTQO pin input)

TQOCCRO register Do

DI
—| —| ,' —|— INTTQOCCO signal _l

External | External®. | External
event event event
count: count: count:
(Do)Nete (Do + 1) (Do + 1)

In the external event count mode, when the TQOCTLO.TQOCE bit is set to 1 (operation starts),
the 16-bit counter is cleared from FFFFH to O000H at the same time. The first count operation
starts from 0001H every time the valid edge of the external event count input is detected.
Therefore, the count of the first count operation is one number smaller than the count of second

or subsequent count operation.

external event count input.
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When the TQOCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0000H. The counter
counts each time the valid edge of external event count input is detected. Additionally, the set value of the TQOCCRO
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 (INTTQOCCO) is generated.

The INTTQOCCO signal is generated for the first time when the valid edge of the external event count input has
been detected “value set to TQOCCRO register” times. After that, the INTTQOCCO signal is generated each time the
valid edge of the external event count has been detected “value set to TQOCCRO register + 1” times.

Figure 7-17. Register Setting for Operation in External Event Count Mode (1/2)

(a) TMQO control register 0 (TQOCTLO)

TQOCE TQOCKS2 TQOCKST TQOCKSO
TaocTo[ on | o | o | o | o | o | o | o |

‘ 0: Stop counting
1: Enable counting

(b) TMQO control register 1 (TQOCTL1)

TQOEST TQOEEE TQOMD2 TQOMDY TQOMDO
TQOCTL1|O‘O‘O‘O‘O‘O‘O‘1|

0,0, 1:
External event count mode

(c) TMQO I/O control register 2 (TQ0IOC2)

TQOEES1 TQOEESO
TQOIOCZlO‘O‘O‘O‘ON‘ON‘0‘0|

Select valid edge
of external event
count input (EVTQO pin)

(d) TMQO counter read buffer register (TQOCNT)
The count value of the 16-bit counter can be read by reading the TQOCNT register.

(e) TMQO capture/compare register 0 (TQOCCRO0)
If the TQOCCRO register is set to Do, the count is cleared when the number of external event counts has
reached (Do) and the first compare match interrupt request signal (INTTQOCCO) is generated. The
second compare match interrupt request signal (INTTQOCCO) is generated when the number of
external event counts has reached (Do + 1).
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Figure 7-17. Register Setting for Operation in External Event Count Mode (2/2)

(f) TMQO capture/compare registers 1 to 3 (TQOCCR1 to TQOCCR3)

The TQOCCR1 to TQOCCRS registers are not used in the external event count mode, but the set values
of the TQOCCR1 to TQOCCRS registers are transferred to the CCR1 to CCR3 buffer registers. When
the count value of the 16-bit counter matches the value of the CCR1 to CCR3 buffer registers, compare
match interrupt request signals (INTTQOCC1 to INTTQOCC3) are generated.

When the TQOCCR1 to TQOCCRS registers are not used, it is recommended to set their values to
FFFFH. Also mask the registers by the interrupt mask flags (TQOCCIC1.TQOCCMK1 to
TQOCCIC3.TQOCCMKS).

<R> Caution Set the TQOIOCO register to 00H.

Remark TMQO I/O control register 1 (TQOIOC1) and TMQO option register 0 (TQOOPTO) are not used
in the external event count mode.
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(1) External event count mode operation flow

Figure 7-18. Flow of Software Processing in External Event Count Mode

FFFFH

16-bit counter

0000H

TQOCE bit

TQOCCRO register x Do

INTTQOCCO signal —| —| —|

<1> <2>

<1> Count operation start flow

o D

Register initial setting Initial setting of these registers
TQOCTLA1 register, is performed before setting the
TQOIOC2 register, TQOCE bit to 1.

TQOCCRO to TQOCCRS3
registers
TQOCE bit =1

<2> Count operation stop flow

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

=
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(2) Operation timing in external event count mode

Cautions 1. In the external event count mode, the TQOCCRO to TQOCCR3 registers must not be cleared
to 0000H.

2. In the external event count mode, use of the timer output (TOQO00 to TOQO03) is disabled. If
using timer output (TOQ00 to TOQO03) with external event count input (EVTQO), set the
interval timer mode, and enable the count clock operation with the external event count
input (TQOCTL1.TQOEEE bit = 1) (see 7.6.1 (3) Operation by external event count input
(EVTQO)).

(a) Operation if TQOCCRO register is set to FFFFH
If the TQOCCRO 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 INTTQOCCO signal is generated. At this time, the
TQOOPTO.TQOOVF bit is not set.

FFFFH

16-bit counter

0000H

TQOCE bit

TQOCCRQO register FFFFH

INTTQOCCO signal —| —| —|

External event | External event External event
count: FFFFH count: 10000H | count: 10000H
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(b) Notes on rewriting the TQOCCRO register
If the value of the TQOCCRO 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 Do—— D2——
0000H
TQOCE bit
TQOCCRO register D1 D2
INTTQOCCO signal —| —| —|
External event External event count (NG) External event
count (1) (10000H + D2 + 1) count (2)
(D1) (D2 +1)

288

If the value of the TQOCCRO register is changed from D1 to D2 while the count value is greater than D2z but
less than D1, the count value is transferred to the CCRO buffer register as soon as the TQOCCRO register
has been rewritten. Consequently, the value that is compared with the 16-bit counter is D2.

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

Therefore, the INTTQOCCO signal may not be generated at the valid edge count of “(D1 + 1) times” or “(D2
+ 1) times” originally expected, but may be generated at the valid edge count of “(10000H + D2 + 1) times”.
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(c) Operation of TQOCCR1 to TQOCCR3 registers

Figure 7-19. Configuration of TQOCCR1 to TQOCCR3 Registers

TQOCCRH1
register

1y

CCR1 buffer
register

{} Match signal INTTQOCCH signal

TQOCCR2
register

U

CCR2 buffer
register

£ Match sgnal INTTQOCC2 signal

TQOCCR3
register

1§

CCRS buffer
register

& Match signal INTTQOCCS3 signal

Clear

. Edge
EVTQO pin ©— dete?:tor } 16-bit counter
(external event

count input) {} Match signal

INTTQOCCO signal

TQOCE bit CCRO buffer register

i

TQOCCRO register
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If the set value of the TQOCCRD register is smaller than the set value of the TQOCCRO register, the
INTTQOCCDb signal is generated once per cycle.

Figure 7-20. Timing Chart When Do1 > Db1

FFFFH Dot Dot Do1 Dot

. D D D D
16-bit counter D11231/ Dsz”}/ szgfj DzPﬁ'}/

0000H

TQOCE bit

TQOCCRO register Dot

INTTQOCCO signal -| -| -| L

TQOCCRT1 register D1

INTTQOCCH signal ] ] ] ]

TQOCCR2 register D21

INTTQOCC2 signal ] ] ] ]

TQOCCRS register Da

INTTQOCCS3 signal

Remark b=1t03
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If the set value of the TQOCCRDb register is greater than the set value of the TQOCCRO register, the
INTTQOCCDb signal is not generated because the count value of the 16-bit counter and the value of the

TQOCCRD register do not match.
When the TQOCCRYD register is not used, it is recommended to set its value to FFFFH.

Figure 7-21. Timing Chart When Do1 < Db1

FRFFH Do Dot Dot Do1

16-bit counter

0000H

TQOCE bit

TQOCCRO register Do1

INTTQOCCO signal -| _| _| L

TQOCCRH1 register D11

INTTQOCC1 signal |

TQOCCR2 register D21

INTTQOCC2 signal L

TQOCCRS register Da1

INTTQOCC3 signal L

Remark b=1t03
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7.6.3 External trigger pulse output mode (TQOMD2 to TQOMDO bits = 010)

This mode is valid only in TMQO.

In the external trigger pulse output mode, 16-bit timer/event counter Q waits for a trigger when the
TQOCTLO.TQOCE bit is set to 1. When a software trigger is generated, 16-bit timer/event counter Q starts counting,
and outputs a PWM waveform from the TOQO1 to TOQO03 pins. A PWM waveform with a duty factor of 50% whose
half cycle is the set value of the TQOCCRO register + 1 can also be output from the TOQOO pin.

External trigger input pins are not provided.

Figure 7-22. Configuration in External Trigger Pulse Output Mode

TQOCCR1
register
{ T Transfer
z | .|s Output
GGR1 buffer controller |—=© TOQO01 pin
register ( R (Rs-FF)
{} Match signal ‘ INTTQOCC1 signal
TQOCCR2
register
i ‘ Transfer
} | Output
CCR2 buffer controller |—=© TOQO02 pin
register ( R (Rs-FF)
{} Match signal INTTQOCC2 signal
TQOCCR3
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Figure 7-23. Basic Timing in External Trigger Pulse Output Mode
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TQOCCR?2 register D>
INTTQOCC2 signal -| _| '| '|
TOQO2 pin output
Active level Active level Active level
width (D2) width (D2) width (D2)
TQOCCRS register Ds
INTTQOCCS signal -| -| -| -|
TOQO3 pin output
Active level Active level Active level
width (Ds) width (Ds) width (Ds)
Wait Cycle (Do+ 1) Cycle (Do + 1) Cycle (Do + 1)
for trigger

User's Manual U16910EJ4V1UD 293




<R>

CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

16-bit timer/event counter Q waits for a trigger when the TQOCE 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 TOQODb pin. If the trigger is generated again while the counter is operating, the counter is cleared to 0000H and
restarted. (The output of the TOQOO pin is inverted. The TOQOb pin outputs 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 TQOCCRDb register) x Count clock cycle
Cycle = (Set value of TQOCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TQOCCRYb register)/(Set value of TQOCCRO register + 1)

The compare match interrupt request signal INTTQOCCO 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 INTTQOCCb is generated when the count value of the 16-bit counter matches
the value of the CCRb buffer register.

The value set to the TQOCCRa 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.

Only setting the software trigger (TQOCTL1.TQOEST bit) to 1 is used as the trigger.

Remark a=0to03
b=1to3

Figure 7-24. Setting of Registers in External Trigger Pulse Output Mode (1/3)

(a) TMQO control register 0 (TQOCTLO)
TQOCE TQOCKS2 TQOCKS1 TQOCKSO

TQOCTLO|0/1‘O‘O‘0‘0‘0/1‘0/1‘0/1'

Select count clockN°t®

0: Stop counting
1: Enable counting

Note The setting is invalid when the TQOCTL1.TQOEEE bit = 1.
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Figure 7-24. Setting of Registers in External Trigger Pulse Output Mode (2/3)

(b) TMQO control register 1 (TQOCTL1)
TQOEST TQOEEE TQOMD2 TQOMD1 TQOMDO
TQOCTLA | 0 \ 0/1 \ 0/1 \ 0 \ 0 \ 0 \ 1 \ 0 |

0,1,0:
L External trigger pulse
output mode

0: Operate on count
clock selected by
TQOCKSO0 to TQOCKS?2 bits
1: Count with external
event count input signal

Generate software trigger
when 1 is written

(c) TMQO I/O control register 0 (TQ0OIOCO0)

TQOOL3 TQOOE3 TQOOL2 TQOOE2 TQOOL1 TQOOE{ TQOOLO TQOOEQ
TOOIOCOl 0/ \ 0/ \ 0 \ 0/1 \ 0/ \ 0/1 \ 0/1 \ 0/ |

0: Disable TOQOO pin output
1: Enable TOQOO pin output

Setting of TOQOO pin output level
in external trigger waiting state

0: Low level

1: High level

0: Disable TOQO1 pin output
1: Enable TOQO1 pin output

Setting of TOQO1 pin output level
in external trigger waiting state
0: Low level

1: High level

0: Disable TOQO2 pin output
1: Enable TOQO2 pin output

Setting of TOQO2 pin output level
in external trigger waiting state
0: Low level

1: High level

0: Disable TOQOS3 pin output
1: Enable TOQO3 pin output

Setting of TOQO3 pin output level
in external trigger waiting state

0: Low level
1: High level
e When TQOOLb bit =0 e When TQOOLD bit = 1
16-bit counter —I/I/I/I/ 16-bit counter —I/I/I/I/
TOQODb pin output I I I TOQOb pinoutput —|_ ™ LTI 1L T 1
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Figure 7-24. Setting of Registers in External Trigger Pulse Output Mode (3/3)

(d) TMQO I/O control register 2 (TQ0IOC2)

TQOEES1 TQOEESO
TQOIOCZlO‘O‘O‘0‘0/1‘0/1‘0‘0|

Selection of valid edge of external

event count input (EVTQO pin)

(e) TMQO counter read buffer register (TQOCNT)
The value of the 16-bit counter can be read by reading the TQOCNT register.

(f) TMQO capture/compare registers 0 to 3 (TQOCCRO to TQOCCR3)
If Do is set to the TQOCCRO register, D1 to the TQOCCR1 register, D2 to the TQOCCR2 register, and Ds,
to the TQOCCRBS register, the cycle and active level of the PWM waveform are as follows.

PWM waveform cycle = (Do + 1) x Count clock cycle

TOQO1 pin PWM waveform active level width = D1 x Count clock cycle
TOQO2 pin PWM waveform active level width = D2 x Count clock cycle
TOQO3 pin PWM waveform active level width = Ds x Count clock cycle

Remarks 1. TMQO I/O control register 1 (TQOIOC1) and TMQO option register 0 (TQOOPTO) are not
used in the external trigger pulse output mode.
2. b=1to3
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(1) Operation flow in external trigger pulse output mode

Figure 7-25. Software Processing Flow in External Trigger Pulse Output Mode (1/2)
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Dg»/ D21~ D21 A Dsg D21~ D21~
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x Dso Da1 Dso Da1
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<1> <2> <3> <4> <5> <6> <7>
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Figure 7-25. Software Processing Flow in External Trigger Pulse Output Mode (2/2)

<1> Count operation start flow

START

Register initial setting
TQOCTLO register
(TQOCKSO0 to TQOCKS?2 bits)
TQOCTLI1 register,
TQOIOCO register,
TQOIOC2 register,

Initial setting of these
registers is performed
before setting the
TQOCE bitto 1.

TQOCCRO to TQOCCR3
registers
The TQOCKSO to
TQOCE bit =1 TQOCKS?2 bits can be

set at the same time
when counting is
enabled (TQOCE bit = 1).
Trigger wait status

<2> TQOCCRO to TQOCCRS register
setting change flow
i Writing of the TQOCCR1
: register must be performed
Seng dofrg%g%(lizor‘eggti CrlsCR2, after writing the TQOCCRO,
TQOCCR2, and TQOCCR3
‘ registers.
When the counter is cleared
after setting, the value
of the TQOCCRa register is
' transferred to the CCRa buffer
registers.

Setting of TQOCCR1 register

<3> TQOCCRO register setting change flow

| Writing same value (same as
‘ preset value of the TQOCCR1
. . register) to the TQOCCRH1
Setting of TQOCCRO register register is necessary only

‘ when the set cycle is changed.

When the counter is
cleared after setting,

the value of the TQOCCRa
register is transferred to

' the CCRa buffer register.

Setting of TQOCCR1 register

Remark a=0t03

<4> TQOCCR1 to TQOCCRS register
setting change flow

{ Writing of the TQOCCR1
Setting of TQOCCR2, register must be performed
TQOCCRS registers when the set duty factor is only

‘ changed after writing the
TQOCCR2 and TQOCCR3
registers.
When the counter is cleared
after setting, the value of the
' TQOCCRa register is transferred
to the CCRa buffer register.

Setting of TQOCCR1 register

<5> TQOCCR2, TQOCCRBS register
setting change flow

{ Writing same value (same as
preset value of the TQOCCR1
Setting of TQOCCR2, register) to the TQOCCR1 register
TQOCCRS registers is necessary only when the set
‘ duty factor of TOQ02 and TOQ03
pin outputs is changed.
When the counter is
cleared after setting,
the value of the TQOCCRa
! register is transferred to
' the CCRa buffer register.

Setting of TQOCCR1 register

<6> TQOCCR1 register setting change flow

, Only writing of the TQOCCR1

{ register must be performed when
the set duty factor is only changed.
When counter is cleared after
setting, the value of the TQOCCRa
i register is transferred to the CCRa
' buffer register.

Setting of TQOCCR1 register

<7> Count operation stop flow

TQOCE bit=0

STOP

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 TQOCCR1 register last.

Rewrite the TQOCCRDb register after writing the TQOCCR1 register after the INTTQOCCO signal is detected.

Remark b=11t03

FFFFH

Dot Do1

Doo Doo Doo Ds1 / Ds1

16-bit counter _
Dso ?l Dso Dso D21 D21
D20 71" | D20 DzoZ'Z D11ZZ D11ZZ
000OH Dio 7T | Do T | D1

TQOCE bit

Software trigger —l

TQOCCRO register x Doo Dot

CCRO buffer register Doo Dot

INTTQOCCO signal —l —l —l —l —I_

TOQOO pin output

TQOCCRT1 register x D1o D11

CCRHT1 buffer register D1o D11

INTTQOCCH1 signal —| —| —| —| —|

TOQO1 pin output

TQOCCR2 register x D20 D21

CCR2 buffer register D20 D2

INTTQOCC2 signal —| _| —| —| —|

TOQO2 pin output

TQOCCRS3 register X Dao X Da
CCRS buffer register

INTTQOCCS3 signal —| —| —| —| _|

TOQOS pin output

User's Manual U16910EJ4V1UD 299



CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

300

In order to transfer data from the TQOCCRa register to the CCRa buffer register, the TQOCCR1 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
TQOCCRO register, set the active level width to the TQOCCR2 and TQOCCRS3 registers, and then set an
active level to the TQOCCR1 register.

To change only the cycle of the PWM waveform, first set the cycle to the TQOCCRO register, and then write
the same value (same as preset value of the TQOCCR1 register) to the TQOCCR1 register.

To change only the active level width (duty factor) of the PWM waveform, first set an active level to the
TQOCCR2 and TQOCCRS registers and then set an active level to the TQOCCR1 register.

To change only the active level width (duty factor) of the PWM waveform output by the TOQO1 pin, only the
TQOCCRT1 register has to be set.

To change only the active level width (duty factor) of the PWM waveform output by the TOQ02 and TOQO03
pins, first set an active level width to the TQOCCR2 and TQOCCRS registers, and then write the same
value (same as preset value of the TQOCCR1 register) to the TQOCCR1 register.

After data is written to the TQOCCR1 register, the value written to the TQOCCRa 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 TQOCCRO to TQOCCRS3 registers again after writing the TQOCCR1 register once, do so after
the INTTQOCCO signal is generated. Otherwise, the value of the CCRa buffer register may become
undefined because timing of transferring data from the TQOCCRa register to the CCRa buffer register
conflicts with writing the TQOCCRa register.

Remark a=0t0o3
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(b) 0%/100% output of PWM waveform
To output a 0% waveform, set the TQOCCRDb register to 0000H. The 16-bit counter is cleared to 0000H
and the INTTQOCCO and INTTQOCCD 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 ::XDO— 1X Do OOOOX 0001 x ::XDO - 1X Do 0000 x
45 95
TQOCE bit J
Software trigger H
{ {(
It Il
)] )]
TQOCCRQO register Do Do Do
l ]
)] )]
TQOCCRUD register 0000H 0000H 0000H
{ {(
)] )]
] Note []Note
INTTQOCCO signal ) y
)] )]
[ Note [INote
INTTQOCCD signal

TOQOb pin output L

Note Actually, the timing is delayed by one operating clock (fxx).

Remark b=11t03
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To output a 100% waveform, set a value of (set value of TQOCCRO register + 1) to the TQOCCRD register.
If the set value of the TQOCCRO register is FFFFH, 100% output cannot be produced.

Count clock | | | | | | | | | | | | | | | | | |
16-bit counter ~ FFFF |X 0000 ::X Do — 1 X Do 0000 X 0001 x ::X Do -1 X Do 0000 x
{( {(
)] )]
TQOCE bit J
Software trigger —|
45 45
{( {(
)] )]
TQOCCRO register Do Do Do
) !
)] )]
TQOCCRD register Do + 1 B Do + 1 B Do + 1
)] )]
Note Note
INTTQOCCO signal B
)]

INTTQOCCDb signal |

TOQODb pin output
Note Actually, the timing is delayed by one operating clock (fxx).
Remark b=1t03
302 User's Manual U16910EJ4V1UD




CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

(c) Conflict between trigger detection and match with CCRb buffer register
If the trigger is detected immediately after the INTTQOCCb signal is generated, the 16-bit counter is
immediately cleared to 0000H, the output signal of the TOQOb pin is asserted, and the counter continues
counting. Consequently, the inactive period of the PWM waveform is shortened.

16-bit counter ~ FFFF

Software trigger

x Do —1|X Do 0000 X:
|—| )

g

CCRb buffer register

Do

INTTQOCCD signal

TOQOb pin output

-

Remark b=11t03

(2]

hortened

If the trigger is detected immediately before the INTTQOCCD signal is generated, the INTTQOCCD signal is
not generated, and the 16-bit counter is cleared to 0000H and continues counting. The output signal of the
TOQODb pin remains active. Consequently, the active period of the PWM waveform is extended.

16-bit counter

Software trigger

CCRb buffer register

INTTQOCCDb signal

TOQODb pin output

FFFF :XDb - 2X
]

Do

Remark b=11t03

Extended
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(d) Conflict between trigger detection and match with CCRO buffer register
If the trigger is detected immediately after the INTTQOCCO signal is generated, the 16-bit counter is
cleared to 0000H and continues counting up. Therefore, the active period of the TOQOb pin is extended by
time from generation of the INTTQOCCO signal to trigger detection.

16-bit counter ~ FFFF .OOOO x Do -1 X Do |[X 0000 |X 0000 X:

Software trigger

CCRO buffer register B Do
)]
INTTQOCCO signal —l
N
TOQOb pin output
E— [ —
Extended

Remark b=1t03

If the trigger is detected immediately before the INTTQOCCO signal is generated, the INTTQOCCO signal is
not generated. The 16-bit counter is cleared to 0000H, the TOQOb pin is asserted, and the counter
continues counting. Consequently, the inactive period of the PWM waveform is shortened.

Software trigger

|
16-bit counter ~ FFFF X 0000 x Do — 1X Do |[X 0000 X 0001 X:

CCRO buffer register Do
{
)]
INTTQOCCO signal )
)]
TOQOb pin output
P (——
Shortened

Remark b=11t03
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(e) Generation timing of compare match interrupt request signal (INTTQOCCDb)
The timing of generation of the INTTQOCCb signal in the external trigger pulse output mode differs from
the timing of INTTQOCCb signals in other mode; the INTTQOCCb 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 Do -1 Do X Do+ 1 X Do + 2
CCRb buffer register Do
TOQOb pin output Note
. Note
INTTQOCCD signal

Note Actually, the timing is delayed by one operating clock (fxx).

Remark b=1t03

Usually, the INTTQOCCb signal is generated in synchronization with the next count up after the count
value of the 16-bit counter matches the value of the CCRb 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 TOQODb pin.

User's Manual U16910EJ4V1UD 305



CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

7.6.4 One-shot pulse output mode (TQOMD2 to TQOMDO bits = 011)
This mode is valid only in TMQO.
In the one-shot pulse output mode, 16-bit timer/event counter Q waits for a trigger when the TQOCTLO.TQOCE bit is
set to 1. When a software trigger is generated, 16-bit timer/event counter Q starts counting, and outputs a one-shot
pulse from the TOQO01 to TOQO3 pins. When the software trigger is used, the TOQOO pin outputs the active level while
the 16-bit counter is counting, and the inactive level when the counter is stopped (waiting for a trigger).

Figure 7-26. Configuration in One-Shot Pulse Output Mode

Internal count clock —

EVTQO pin O—
(external event
count input)

|

Software trigger
generation

(Count clock
selection

DA

Count start
control

TQOCCR1
register

{ T Transfer

CCR1 buffer
register

O TOQO1 pin

{} Match signal

TQOCCR2
register

U Transfer

INTTQOCCH signal

CCR2 buffer
register

O TOQO2 pin

{} Match signal

TQOCCRS3
register

U Transfer |

INTTQOCC?2 signal

CCRS buffer
register

O TOQO3 pin

{} Match signal

INTTQOCCS signal

alva]

16-bit counter

TQOCE bit

O TOQO0 pin

{} Match signal

i

CCRO buffer register
{} Trans-r
TQOCCRO register fer

INTTQOCCO signal
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Figure 7-27. Basic Timing in One-Shot Pulse Output Mode

FFFFH

Do Do Do
. Ds / Ds / Ds /
16-bit counter Dz/ Dz/ Dz/
D1 Z D1 Z D1 Z
0000H
TQOCE bit
Software trigger -| -| H -| -I_
TQOCCRO register x Do
INTTQOCCO signal -| -| -I_
TOQOO pin output
TQOCCRT1 register x D1
INTTQOCCH1 signal -| -| -|
TOQO1 pin output
Delay Active Delay Active Delay Active
(D1) level width (D1) level width (D1) level width
(Do—D1+1) (Do—D1+1) (Do—D1+ 1)
TQOCCR2 register x D2
INTTQOCC2 signal -| -| -|
TOQO2 pin output
Delay Active Delay Active Delay Active
(D2) level width (D2) level width (D2)  level width
(Do—D2 + 1 (Do—D2 + 1 (Do—D2 + 1
TQOCCRBS register x Ds
INTTQOCCS3 signal -| -| -|
TOQOS3 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)
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When the TQOCE bit is set to 1, 16-bit timer/event counter Q 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 TOQOb 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 TQOCCRD register) x Count clock cycle
Active level width = (Set value of TQOCCRO register — Set value of TQOCCRDb register + 1) x Count clock cycle

The compare match interrupt request signal INTTQOCCO 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 INTTQOCCb
is generated when the count value of the 16-bit counter matches the value of the CCRb buffer register.

Only setting the software trigger (TQOCTL1.TQOEST bit) to 1 is used as the trigger.

Remark b=1t03

Figure 7-28. Register Setting in One-Shot Pulse Output Mode (1/3)

(a) TMQO control register 0 (TQOCTLO)

TQOCE TQOCKS2 TQOCKS1 TQOCKSO
TQOCTLO|0/1‘0‘0‘0‘0‘0/1‘0/1‘0/1'

———— Select count clockN*®

0: Stop counting
1: Enable counting

Note The setting is invalid when the TQOCTL1.TQOEEE bit = 1.

(b) TMQO control register 1 (TQOCTL1)

TQOEST TQOEEE TQOMD2 TQOMDY TQOMDO
TQOCTL1|O‘O/1‘O/1‘O‘O‘O‘1‘1|

0,1, 1:
One-shot pulse output mode

0: Operate on count clock
selected by TQOCKSO to
TQOCKS?2 bits

1: Count external event
input signal

Generate software trigger
when 1 is written
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Figure 7-28. Register Setting in One-Shot Pulse Output Mode (2/3)

(c) TMQO I/O control register 0 (TQ0IOCO)
TQOOL3 TQOOE3 TQOOL2 TQOOE2 TQOOL1 TQOOE1 TQOOLO TQOOEO
Taoloco [ o | o | on | o | oom | on | on | o |

0: Disable TOQOO pin output
1: Enable TOQOO pin output

Setting of TOQOO pin output level
in external trigger waiting state

0: Low level

1: High level

0: Disable TOQO1 pin output
1: Enable TOQO1 pin output

Setting of TOQO1 pin output level
in external trigger waiting state
0: Low level

1: High level

0: Disable TOQO2 pin output
1: Enable TOQO2 pin output

Setting of TOQO2 pin output level
in external trigger waiting state
0: Low level

1: High level

0: Disable TOQOS3 pin output
1: Enable TOQO3 pin output

Setting of TOQO3 pin output level
in external trigger waiting state

0: Low level
1: High level
e When TQOOLD bit =0 e When TQOOLD bit = 1
16-bit counter d | yd | 16-bit counter d | d |
TOQOb pin output 1 | I TOQOb pin output LI |

(d) TMQO I/O control register 2 (TQ0IOC?2)

TQOEES1 TQOEESO
TQOIOCZlO‘0‘0‘0‘0/1‘0/1‘0‘O|

Selection of valid edge of external

event count input (EVTQO pin)

(e) TMQO counter read buffer register (TQOCNT)
The value of the 16-bit counter can be read by reading the TQOCNT register.
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Figure 7-28. Register Setting in One-Shot Pulse Output Mode (3/3)

(f) TMQO capture/compare registers 0 to 3 (TQOCCRO to TQOCCR3)
If Do is set to the TQOCCRO register and Db to the TQOCCRD register, the active level width and output
delay period of the one-shot pulse are as follows.

<R> Active level width = (Do — Db + 1) x Count clock cycle

Output delay period = Db x Count clock cycle

<R> Caution One-shot pulses are not output even in the one-shot pulse output mode, if the value
set in the TQOCCRD register is greater than that set in the TQOCCRO register.

Remarks 1. TMQO I/O control register 1 (TQOIOC1) and TMQO option register 0 (TQOOPTO) are not
used in the one-shot pulse output mode.
2. b=1t03
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(1) Operation flow in one-shot pulse output mode

<R> Figure 7-29. Software Processing Flow in One-Shot Pulse Output Mode (1/2)
FFFFH
//j¥947 Dot1,
16-bit counter D Do ” Dat /
//%; D21
Di1o ~ D11

0000H
TQOCE bit

Software trigger -l J-l

TQOCCRQO register :X Doo Doo
INTTQOCCO signal

TOQOO pin output

TQOCCRT1 register :X D1o D11

INTTQOCCH1 signal

TOQO1 pin output

TQOCCR2 register :X D20 D21

INTTQOCC2 signal

TOQO2 pin output

TQOCCRS register :X Dao Dat

INTTQOCCS signal

TOQO3 pin output

<1> <2> <3>
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Figure 7-29. Software Processing Flow in One-Shot Pulse Output Mode (2/2)
<1> Count operation start flow <2> Count operation stop flow
( ) TQOCE bit=0 i
START I _Count operation
is stopped
Register initial setting Initial setting of these STOP
TQOCTLO register registers is performed
(TQOCKSO to before setting the
TQOCKS2 bits) TQOCE bit to 1.
TQOCTLA1 register,
TQOIOCO register,
TQOIOC2 register,
TQOCCRO to TQOCCRS registers
The TQOCKSO to TQOCKS2
. bits can be set at the same
TQOCE bit = 1 time when counting has been
started (TQOCE bit = 1).
Trigger wait status
<2> TQOCCRO0 to TQOCCRBS register setting change flow
| As rewriting the TQOCCRa
N register immediately forwards
Setting of TQOCCRO to to the CCRa bulffer register,
TQOCCRS registers rewriting immediately after
the generation of the INTTQOCCO
| signal is recommended.
Remark a=0to3
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(2) Operation timing in one-shot pulse output mode

(a) Note on rewriting TQOCCRa register
If the value of the TQOCCRa 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

TQOCE bit

Software trigger

TQOCCRQO register

INTTQOCCO signal

TOQOO pin output

TQOCCRUD register

INTTQOCCDb signal

TOQODb pin output

Db1/

Ld

|

Delay Delay Delay
(Do) (10000H + Do) (Dpo1)

Active level width
(Dot — Dot + 1)

Active level width
(Dot — Dot + 1)

Active level width
(Doo — Deo + 1)

When the TQOCCRO register is rewritten from Doo to Dot and the TQOCCRDb register from Dbo to Dot where
Doo > Dot and Do > D1, if the TQOCCRD register is rewritten when the count value of the 16-bit counter is
greater than Db1 and less than Dwo and if the TQOCCRO register is rewritten when the count value is
greater than Do1 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 Db1, the counter generates the INTTQOCCD signal and asserts the
TOQOb pin. When the count value matches Do1, the counter generates the INTTQOCCO signal, deasserts
the TOQOb pin, and stops counting.

Therefore, the counter may output a pulse with a delay period or active period different from that of the
one-shot pulse that is originally expected.

Remark a=0t03,b=11t03
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(b) Generation timing of compare match interrupt request signal (INTTQOCCb)
The generation timing of the INTTQOCCb signal in the one-shot pulse output mode is different from
INTTQOCCDb signals in other mode; the INTTQOCCDb signal is generated when the count value of the 16-bit
counter matches the value of the TQOCCRDb register.

Count clock
16-bit counter Do -2 X Do -1 Do X Do + 1 X Do + 2
TQOCCRD register Do

TOQOb pin output

. Note
INTTQOCCD signal —l

Note Actually, the timing is delayed by one operating clock (fxx).

Remark b=11t03

Usually, the INTTQOCCDb signal is generated when the 16-bit counter counts up next time after its count
value matches the value of the TQOCCRD 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 TOQODb pin.
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7.6.5 PWM output mode (TQOMD2 to TQOMDO bits = 100)
This mode is valid only in TMQO.
In the PWM output mode, a PWM waveform is output from the TOQ01 to TOQO03 (TOQHO01 to TOQHO03) pins when
the TQOCTLO.TQOCE bit is set to 1.
In addition, a PWM waveform with a duty factor of 50% with the set value of the TQOCCRO register + 1 as half its
cycle is output from the TOQOO pin.

Figure 7-30. Configuration in PWM Output Mode

Internal count clock —»

EVTQO pin ©—+]

(external event

count input)

|

Edge

TQOCCR1
register
CCR1 buffer
register

Transfer

detector

TOQHOOFF pin ©@—]

L s Output
geontroller TOQO1/TOQHO1Nete
(RS-FF)
TIQO1 input
INTTQOCCH signal

Output
controller @ TOQ02
E‘ (RS-FF)
. g
INTTQOCC2 signal S TOQO3TOQHo2Nete
3
TIQO3 input —
| | Output
controller TOQHo3Nete
R (Rs-FF)
EVTQO input —
INTTQOCCS3 signal
Count
Count
clock i | .| output ,
selection start __l 16-bit counter | controller © TOQOO pin
control
J L Match signal
{} atch signa INTTQOCCO signal
TQOCE bit | CCRO buffer register |
{ Transfer
| TQOCCRO register |

Edge
detector

Note When the TOQHO1 to TOQHOS3 pins are selected, these pins can be set in the high-impedance state by
the TOQHOOFF pin input.

User’'s Manual U16910EJ4V1UD

315



CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

Figure 7-31. Basic Timing in PWM Output Mode

FFFFH
16-bit counter

0000H

TQOCE bit

TQOCCRQO register

INTTQOCCO signal

TOQOO pin output

TQOCCRT register

INTTQOCCH1 signal

TOQO1 (TOQHO1) pin output

TQOCCR?2 register

INTTQOCC2 signal

TOQO02 (TOQHO02) pin output

TQOCCRBS register

INTTQOCCS signal

TOQO3 (TOQHO03) pin output

Do Do_ Do_ Do
D3 _A D3 _A D3 _A Ds_A
D2 / D2 / D2 / Dzz
D1 f D1 Z D1 Z D1
) 3
] D1
Active Active Active Active
level width level width level width level width
(D) (D1) (D) (D1)
B >
Active Active Active Active
level width level width level width level width
(D2) (D2) (D2) (D2)
) >
Active level Active level Active level Active level
width (Ds) width (Ds) width (Ds) width (Ds)
Cycle (Do + 1) | Cycle (Do + 1) Cycle (Do+ 1) | Cycle (Do + 1)

316

User’s Manual

U16910EJ4V1UD




CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

When the TQOCE bit is set to 1, the 16-bit counter is cleared from FFFFH to 0000H, starts counting, and outputs
PWM waveform from the TOQOb pin (TOQHOD).
The active level width, cycle, and duty factor of the PWM waveform can be calculated as follows.

Active level width = (Set value of TQOCCRD register) x Count clock cycle
Cycle = (Set value of TQOCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TQOCCRDb register)/(Set value of TQOCCRO register + 1)

The PWM waveform can be changed by rewriting the TQOCCRa 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 INTTQOCCO 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 INTTQOCCDb is generated when the count value of the 16-bit counter matches
the value of the CCRb buffer register.

Remark a=0t03
b=1t03

Figure 7-32. Register Setting in PWM Output Mode (1/3)

(a) TMQO control register 0 (TQOCTLO)

TQOCE TQOCKS2 TQOCKS1 TQOCKSO
TQOCTLO|0/1‘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 TQOCTL1.TQOEEE bit = 1.

(b) TMQO control register 1 (TQOCTL1)

TQOEST TQOEEE TQOMD2 TQOMDY TQOMDO
TQOCTL1|0‘O‘O/1‘O‘O‘1‘0‘0'

| |
1,0, 0:
PWM output mode

0: Operate on count clock
selected by TQOCKSO to
TQOCKS?2 bits

1: Count with external
event count input signal
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Figure 7-32. Register Setting in PWM Output Mode (2/3)

(c) TMQO I/O control register 0 (TQ0IOCO)

TQOOL3 TQOOE3 TQOOL2 TQOOE2 TQOOL1 TQOOE1 TQOOLO TQOOEO
TQOIOCOl 0/1 \ 0 \ 0 \ 0 \ 0 \ 0 \ 0 \ 0 |

0: Disable TOQOO pin output
1: Enable TOQOO pin output

Setting of TOQOO pin output level
before count operation

0: Low level

1: High level

0: Disable TOQO1 (TOQHO1) pin output
1: Enable TOQO01 (TOQHO01) pin output

Setting of TOQ01 (TOQHO01) pin output
level before count operation

0: Low level

1: High level

0: Disable TOQ02 (TOQHO02) pin output
1: Enable TOQ02 (TOQH02) pin output

Setting of TOQ02 (TOQH02) pin output
level before count operation

0: Low level

1: High level

0: Disable TOQ03 (TOQHO03) pin output
1: Enable TOQ03 (TOQHO03) pin output

Setting of TOQO03 (TOQHO03) pin output
level before count operation

0: Low level

1: High level

e When TQOOLD bit =0 e When TQOOLD bit = 1

16-bit counter —I/I/I/I/ 16-bit counter —I/I/I/I/

TOQOb (TOQHOb) TOQOb (TOQHOD)
pinoutput —  — LI LT pinoutput — L LT 1

(d) TMQO I/O control register 2 (TQ0IOC2)

TQOEES1 TQOEESO
TQOIOCZlO‘O‘0‘0‘0/1‘0/1‘0‘0|

Selection of valid edge
of external event count
input (EVTQO pin)

(e) TMQO counter read buffer register (TQOCNT)
The value of the 16-bit counter can be read by reading the TQOCNT register.
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Figure 7-32. Register Setting in PWM Output Mode (3/3)

(f) TMQO capture/compare registers 0 to 3 (TQOCCRO to TQOCCR3)

If Do is set to the TQOCCRO register and Do to the TQOCCRYD register, the cycle and active level of the
PWM waveform are as follows.

PWM waveform cycle = (Do + 1) x Count clock cycle
PWM waveform active level width = Db x Count clock cycle

Remarks 1. TMQO I/O control register 1 (TQOIOC1) and TMQO option register 0 (TQOOPTO) are not
used in the PWM output mode.

2. b=1t03
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(1) Operation flow in PWM output mode

Figure 7-33. Software Processing Flow in PWM Output Mode (1/2)

FFFFH

16-bit counter

0000H
TQOCE bit

TQOCCRO register

CCRO buffer register

INTTQOCCO signal

TOQOO pin output

TQOCCRT1 register

CCR1 buffer register

INTTQOCCH1 signal

TOQO1 (TOQHO1) pin output

TQOCCR2 register

CCR2 buffer register

INTTQOCC2 signal

TOQO02 (TOQHO02) pin output

TQOCCRS register :X

CCR3 buffer register

INTTQOCCS signal

TOQO3 (TOQHO03) pin output

Doi,
}* D31/ D31[%* }g* D31|?20['* DsPZOg*
Dag D21~ D21~ Dsg D21 D21~
Dio D2g A Di1A D11~ m%gz D; D11~
Doo Dot X Doo
Doo Dot Doo
Dio D11 X D11 D1 Do D11
Do D11 D11 Dio D1o D11
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Dso Das1 Dso D31
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b T ?
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Figure 7-33. Software Processing Flow in PWM Output Mode (2/2)

<1> Count operation start flow <4> TQOCCRT1 to TQOCCRS register
setting change flow

START - ‘ Writing of the TQOCCRH1
Setting of TQOCCR2, register must be performed
TQOCCRS registers when the set duty factor is only

‘ changed after writing the
TQOCCR2 and TQOCCR3

Register initial setting

; Initial setting of these Setting of TQOCCR1 register | registers.

(Tgogggg ;I;L_(I)_(;%%T(tgrg bits) registers is performed Whgn the counter is cleared after
TQOCTLA1 register, before setting the | setting, the value of the
TQOIOCO register TQOCE bit to 1. ; TQOCCRa register is transferred
TQOIOC2 register’ to the CCRa buffer register.

TQOCCRO to TQOCCR1
registers

<5> TQOCCR2, TQOCCRBS register
setting change flow

The TQOCKSO to
TQOCE bit =1 TQOCKS?2 bits can be { Writing same value (same as
set at the same time preset value of the TQOCCR1
when counting is Setting of TQOCCR2, register) to the TQOCCR1
enabled (TQOCE bit = 1). TQOCCRS registers register is necessary only when
‘ the set duty factor of TOQ02
(TOQHO02) and TOQO3
Setting of TQOCCR1 register | (TOQHO3) pin outputs is changed.
When the counter is cleared after

<2> TQOCCRO to TQOCCRS register setting, the value of the

setting change flow . ' TQOCCRa register is transferred
| Writing of the TQOCCR1 ' to the CCRa buffer register.

- register must be performed
Se“';g dOng%g%ggtggi ?SCRQ’ after writing the TQOCCRO,
TQOCCR2, and TQOCCR3
‘ registers. <6> TQOCCR1 register setting change flow
] ) When the counter is cleared : Only writing of the TQOCCR1
Setting of TQOCCR1 register after setting, the value { register must be performed when
of the TQOCCRa register is the set duty factor of TOQO1
' transferred to the CCRa buffer Setting of TQOCCR1 register | (TOQHO1) pin is only changed.
' register. When counter is cleared after
| setting, the value of the TQOCCRa
: register is transferred to the CCRa
<3> TQOCCRO register setting change flow buffer register.

| Writing same value (same as

N preset value of the TQOCCR1

. . register) to the TQOCCR1

Setting of TQOCCRO register register is necessary only <7> Count operation stop flow

‘ when the set cycle is changed.

When the counter is TQOCE bit=0 Counting is stopped.
Setting of TQOCCR1 register | cleared after setting, the

value of the TQOCCRa
register is transferred to
E the CCRa buffer register. STOP

Remark a=0t03
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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 TQOCCR1 register last.
Rewrite the TQOCCRa register after writing the TQOCCR1 register after the INTTQOCC1 signal is detected.

FFFFH
Dot Dot
hi Doo Doo Doo Da1 / Da1
16-bit counter DsoZl’ Dso Dao AT D21 /1 D21 /1
b D20 1 b D20 /1 b D20 D11 D11 ]
0000H 10 /] 10 /] 10 /]
TQOCE bit
TQOCCRO register :X Doo Dot
CCRO buffer register Doo X Do+

INTTQOCCO signal —l —l —l —l _I_

TOQOO pin output

TQOCCRT register :X D1o D11

CCR1 buffer register D1o D11

INTTQOCC1 signal —| —| _| —| —|

TOQO1 (TOQHO1) pin output

TQOCCR2 register :X D20 D21

CCR2 buffer register D20 Des

INTTQOCC?2 signal —| —| —| —| —|

TOQO02 (TOQHO02) pin output

TQOCCRS register :X Dso X Ds1

CCR8 buiffer register Dso Ds1
INTTQOCCS3 signal —| —| —| —| —|

TOQO3 (TOQHO3) pin output
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To transfer data from the TQOCCRa register to the CCRa buffer register, the TQOCCR1 register must be
written.

To change both the cycle and active level of the PWM waveform at this time, first set the cycle to the
TQOCCRO register, set the active level width to the TQOCCR2 and TQOCCRS3 registers, and then set an
active level width to the TQOCCR1 register.

To change only the cycle of the PWM waveform, first set a cycle to the TQOCCRO register, and then write
the same value (same as preset value of the TQOCCR1 register) to the TQOCCR1 register.

To change only the active level width (duty factor) of PWM wave, first set the active level to the TQOCCR2
and TQOCCRS3 registers, and then set an active level to the TQOCCR1 register.

To change only the active level width (duty factor) of the PWM waveform output by the TOQ01 (TOQHO1)
pin, only the TQOCCRH1 register has to be set.

To change only the active level width (duty factor) of the PWM waveform output by the TOQ02 (TOQHO02)
and TOQO03 (TOQHO03) pins, first set an active level width to the TQOCCR2 and TQOCCRS registers, and
then write the same value (same as preset value of the TQOCCR1 register) to the TQOCCR1 register.

After the TQOCCR1 register is written, the value written to the TQOCCRa register is transferred to the
CCRa buffer register in synchronization with the timing of clearing the 16-bit counter, and is used as a
value to be compared with the value of the 16-bit counter.

To write the TQOCCRO to TQOCCRBS registers again after writing the TQOCCR1 register once, do so after
the INTTQOCCO signal is generated. Otherwise, the value of the CCRa buffer register may become
undefined because the timing of transferring data from the TQOCCRa register to the CCRa buffer register
conflicts with writing the TQOCCRa register.

Remark a=0t03
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(b) 0%/100% output of PWM waveform

To output a 0% waveform, set the TQOCCRb register to 0000H. The 16-bit counter is cleared to 0000H
and the INTTQOCCO and INTTQOCCDb 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

E
E

LU L L L

L

16-bit counter ~ FFFF X 0000 ;:XDo— 1X Do OOOOX 0001 x ;:XDo— 1X Do 0000 x
)] )]
TQOCE bit J
{ {
)] )]
TQOCCRQO register Do B Do ) Do
;5 ii
TQOCCRD register 0000H ) 0000H ) 0000H
)] )]
| Note []Note
INTTQOCCO signal N )
)] )]
] Note []Note
INTTQOCCDb signal

TOQOb (TOQHOb) pin output L

Note Actually, the timing is delayed by one operating clock (fxx).

Remark b=11t03

To output a 100% waveform, set a value of (set value of TQOCCRO register + 1) to the TQOCCRb register.
If the set value of the TQOCCRQO register is FFFFH, 100% output cannot be produced.

Count clock

E

J L L

UL L

L

OOOOX 0001 x ::XDO—1X Do

16-bit counter FFFF X 0000 ::XDO -1 X Do
§

0000 x

)
TQOCE bit J

L [
)] )]

TQOCCRQO register Do B Do ) Do
) )
)] )]

TQOCCR®D register Do + 1 Do+ 1 Do + 1

INTTQOCCO signal

_| Note

_| Note

INTTQOCCDb signal

L

TOQOb (TOQHOb) pin output

Note Actually, the timing is delayed by one operating clock (fxx).

Remark b=11t03
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(c) Generation timing of compare match interrupt request signal (INTTQOCCb)
The timing of generation of the INTTQOCCb signal in the PWM output mode differs from the timing of
INTTQOCCDb signals in other mode; the INTTQOCCDb signal is generated when the count value of the 16-bit
counter matches the value of the TQOCCRDb register.

Count clock
16-bit counter Do-2 X Db -1 Do X Db+ 1 X Do + 2
CCRb bulffer register Do
Note
TOQOb (TOQHOb) pin output
Note
INTTQOCCD signal

Note Actually, the timing is delayed by one operating clock (fxx).

Remark b=11t03

Usually, the INTTQOCCD signal is generated in synchronization with the next counting up after the count
value of the 16-bit counter matches the value of the TQOCCRD 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 TOQOb (TOQHODb) pin.
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7.6.6 Free-running timer mode (TQnMD2 to TQnMDO bits = 101)

The compare function is valid in both TMQO and TMQ1. The capture function is valid in TMQO only.

In the free-running timer mode, 16-bit timer/event counter Q starts counting when the TQnCTLO.TQNCE bit is set to
1. At this time, the TQOCCRa register can be used as a compare register or a capture register, depending on the
setting of the TQOOPT0.TQOCCSa bit.

Figure 7-34. Configuration in Free-Running Timer Mode

TQnCCR3 Output )
register controler | ——© TOQO3 pin*°te output
(compare)
TQnCCR2 Outout
register Comrz”er —=© TOQO2 pin"'¢ output
(compare)
TQnCCR1 outout _
register Comrz”er —=(©) TOQO1 pin"“°*® output
(compare)
TQnCCRO Outout )
register % ™ conutrzﬁer —=© TOQNO pin output
(compare)
1 TQOCCS0,
Internal count clock —|  Count TQOCCSH1 bits
clock o (capture/compare
EVTQO pin ©O— Edae || selection selection)
(external event 9
. detector .
count input) TQOCE 16-bit counter INTTQnOV signal
TIQOO pin O bit 0
P Edge INTTQNCCS3 signal
(capture detector 1
trigger input) |~
TQOCCRO ol
register ] INTTQNCC2 signal
apture
TIQOT pin** O—=| Eqge (capture) L,
_ (capture detector 0
trigger input) INTTQNCC1 signal
TQOCCR1 1
register —
. Note (capture) 0
TIQO2 pin**® O—=| Eyge INTTQNCCO signal
(capture detector 1
trigger input)
TQOCCR2
register
apture
TIQO3 pinNole (()_> Edge (C ptu )
(capture detector
trigger input)
TQOCCRS3
register
(capture)

Note Because the capture trigger input pin (TIQOb) and timer output pin (TOQOb) are the same alternate-
function, these functions cannot be used at the same time.

Remark n=0,1,a=0t03,b=1t03
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e Compare operation
When the TQnCE bit is set to 1, 16-bit timer/event counter Q starts counting, and the output signals of the
TOQO0 to TOQO3 and TOQ10 pins are inverted. When the count value of the 16-bit counter later matches the
set value of the TQnCCRa register, a compare match interrupt request signal (INTTQnCCa) is generated, and
the output signals of the TOQO00 to TOQ03 and TOQ10 pins are 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 (INTTQnQOV) at the next clock, is cleared to 0000H, and continues
counting. At this time, the overflow flag (TQNOPTO0.TQnOVF 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 TQnCCRa 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 7-35. Basic Timing in Free-Running Timer Mode (Compare Function)

FFFFH Doo Doo

Dao /] Dao | Dot Do+
DzoZ D2g D31Z Da1

16-bit counter Dio /] D21 /] Dzt /]
D11 /] 1

0000H

TQNCE bit J

TQnCCRO register :X Doo Do

INTTQNCCO signal

TOQnNO pin output

TQNCCRT1 register :X D1o D1

INTTQNCC1 signal

TOQO1 pin output

TQNCCR2 register :X D20 D21

INTTQNCC2 signal

TOQO2 pin output

TQNCCR3 register :X Dao X Dot

INTTQNCC3 signal

TOQOS3 pin output

INTTQNOV signal

TQNOVF bit

‘ P
Clearedto O by Clearedto 0 by Cleared to 0 by
CLR instruction CLR instruction CLR instruction

Remark n=0,1
a=0to3
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Capture operation

When the TQOCE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TIQOa pin is
detected, the count value of the 16-bit counter is stored in the TQOCCRa register, and a capture interrupt request
signal (INTTQOCCa) 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 (INTTQOOV) at the next clock, is cleared to 0000H, and continues
counting. At this time, the overflow flag (TQOOVF 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 7-36. Basic Timing in Free-Running Timer Mode (Capture Function)

FFFFH Ds2 D23

o
g
O
3
o
N
o
NE
o
R
o
3
\

Doo D11 Z
16-bit counter D20 Doz D13
Dot

DBZ DosZ

iz

TQOCE bit J

TIQOO pin input L—l —l

TQOCCRO register 0000 Doo Dot Do2 Dos

INTTQOCCO signal _| _| _| _|

TIQO1 pin input |_

TQOCCRT1 register 0000 D1o D11 D12 D13

INTTQOCCH1 signal _| -| _| _|

TIQO2 pin input

TQOCCRR2 register 0000 D20 Da1 D22 Do2s

INTTQOCC2 signal —l _| _| _|

TIQO3 pin input

TQOCCRS register 0000 Dso D1 Dsz Dss

INTTQOCCS signal _| —| _| _|
INTTQOOQV signal —| _| —| _|:

TQOOVF bit

T T

Clearedto O by Clearedto 0 by Cleared to 0 by
CLR instruction CLR instruction CLR instruction

Remark a=0t03
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Figure 7-37. Register Setting in Free-Running Timer Mode (1/3)

(a) TMQn control register 0 (TQnCTLO)

TQnCE TQnCKS2 TQnCKST TANCKSO
TancTo [ o1 | o | o | o | o | o1 | ot | on |

Select count clock"°t

0: Stop counting
1: Enable counting

Note The setting is invalid when the TQOCTL1.TQOEEE bit = 1.

(b) TMQn control register 1 (TQnCTL1)

TQOEST TQOEEE TQnMD2 TQnMD1 TQnMDO
TQnCTL1|O‘O‘O/1‘O‘O‘1‘O‘1|

1,0, 1:
Free-running mode

0: Operate with count
clock selected by
TQOCKSO0 to TQOCKS2 bits
1: Count on external
event count input signal
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Figure 7-37. Register Setting in Free-Running Timer Mode (2/3)

(c) TMQn I/O control register 0 (TQnIOCO)

TQOOL3 TQOOE3 TQOOL2 TQOOE2 TQOOL1 TQOOE1 TQnOLO TQnOEO

TQnIOCOl 0/1 \ 0/1 \ 0/1 \ 0/1 \ 0/1 \ 0/ \ 0/ \ 0/ |

(d) TMQO I/O control register 1 (TQ0IOC1)

TQOIS7

TQOIS6 TQOIS5

TQOIS4 TQOIS3 TQOIS2 TQOIST

TQOIOC1| 0/1 \ o \ on \ o \ o \ 0/1 \ on \ on |

L 0: Disable TOQNO pin output

1: Enable TOQnO pin output

Setting of TOQNO pin output
level before count operation
0: Low level
1: High level

0: Disable TOQO1 pin output
1: Enable TOQO1 pin output

Setting of TOQn1 pin output
level before count operation
0: Low level
1: High level

0: Disable TOQO2 pin output
1: Enable TOQO2 pin output

Setting of TOQN2 pin output
level before count operation
0: Low level
1: High level

0: Disable TOQOS3 pin output
1: Enable TOQO3 pin output

Setting of TOQN3 pin output
level before count operation
0: Low level
1: High level

Selection of valid edge

of TIQOO0 pin input

Selection of valid edge
of TIQO1 pin input

Selection of valid edge
of TIQO2 pin input

Selection of valid edge
of TIQO3 pin input

330
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Figure 7-37. Register Setting in Free-Running Timer Mode (3/3)

(e) TMQO I/O control register 2 (TQ0IOC2)

TQOEES1 TQOEESO
TQOIOCZlO‘O‘O‘O‘OM‘OM‘ o\o|

Select valid edge of external
event count input (EVTQO pin)

(f) TMQn option register 0 (TQnOPTO0)

TQOCCS3 TQOCCS2 TQOCCST TQOCCSO TQICMS TQICUF TQnOVF
TQnOPTOl 0/1 \ 0/1 \ 0/ \ 0/1 \ 0 \ 0 \ 0 \ 0 |

L Overflow flag

Specifies if TQOCCRO
register functions as
capture or compare register
0: Compare register

1: Capture register

Specifies if TQOCCR1
register functions as
capture or compare register
0: Compare register

1: Capture register

Specifies if TQOCCR2
register functions as
capture or compare register
0: Compare register

1: Capture register

Specifies if TQOCCR3
register functions as
capture or compare register
0: Compare register

1: Capture register

(g) TMQn counter read buffer register (TQNCNT)
The value of the 16-bit counter can be read by reading the TQnCNT register.

(h) TMQn capture/compare registers 0 to 3 (TQnNCCRO to TQnCCR3)

These registers function as capture registers or compare registers depending on the setting of the
TQOOPTO0.TQOCCSa 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 TIQOa pin is detected.

When the registers function as compare registers and when Da is set to the TQnCCRa register, the
INTTQnCCa signal is generated when the counter reaches (Da + 1), and the output signals of the
TOQO0 to TOQO3 and TOQ10 pins are inverted.

Remark a=0t03
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(1) Operation flow in free-running timer mode
(a) When using capture/compare register as compare register

Figure 7-38. Software Processing Flow in Free-Running Timer Mode (Compare Function) (1/2)

FFFFH D2y D2y

Dog Dog
Das Z Dag, Do Do

16-bit counter Do/ Do/ Dsy/] Dsy/]
D102 D10/ b / /
11

D11 D11
0000H
TQNCE bit
TQnCCRO register :X Doo X Dot

INTTQNCCO signal -| -| -| -|

TOQnNO pin output

TQNCCR1 register :X D1o D11

INTTQnCC1 signal -| -| -| -| -I_

TOQO1 pin output

TQnCCR2 register :X Do D21

INTTQNCC2 signal -| -| -| -|

TOQO2 pin output

TQnCCRBS register :X Do X Ds1

INTTQNCC3 signal -| -| -| -|

TOQO3 pin output

INTTQROV signal -| -l -l -l

TQnOVF bit

<1> Clearedto 0 by Clearedto 0 by Cleared to 0 by <3>
CLR instruction CLR instruction CLR instruction

T T T

<2> <2> <2>

Remark n=0,1
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Figure 7-38. Software Processing Flow in Free-Running Timer Mode (Compare Function) (2/2)

<1> Count operation start flow

o )

Register initial setting
TQNCTLO register
(TQnCKSO0 to TQnCKS?2 bits)
TQnCTLA1 register,
TQnIOCO register,
TQOIOC2 register,
TQnOPTO register,
TQnCCRO to TQnCCRS registers

TQnCE bit =1

<2> Overflow flag clear flow

Read TQnOPTO register
(check overflow flag).

TQNOVF bit =1

Execute instruction to clear
TQnOVF bit (CLR TQnOVF).

Initial setting of these registers
is performed before setting the
TQnCE bit to 1.

The TQnNCKSO to TQnCKS2 bits
can be set at the same time
when counting has been started
(TQNCE bit = 1).

<3> Count operation stop flow

TQnCE bit=0

=

Remark n=0,1

Counter is initialized and
counting is stopped by
clearing TQnCE bit to 0.
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(b) When using capture/compare register as capture register

Figure 7-39. Software Processing Flow in Free-Running Timer Mode (Capture Function) (1/2)

FFFFH

Doo D11
16-bit counter Do / Doz D13

D1zz Dosz

o
g
o
o
o
N
]
N
]
N
]
g
|
o]
o
NE

0000H
TQOCE bit

TIQOO pin input L—l —l

TQOCCRQO register 0000 Doo Do+ Doz Dos 0000

INTTQOCCO signal

TIQO1 pin input |_

TQOCCRT register 0000 D1o D11 D12 D13 0000

INTTQOCCH1 signal —| _| _| _|

TIQO02 pin input

TQOCCR2 register 0000 D20 D21 D22 D23 |A 0000

INTTQOCC2 signal _l _l _l —l

TIQO3 pin input

TQOCCRS register 0000 Dso Dat Da2 Das 0000

INTTQOCCS3 signal —| —| —| —|
INTTQOOV signal —| _| —| _|

TQOOVF bit

T ? T ?

<1> Clearedto 0 by Clearedto 0 by Cleared to 0 by <3>
CLR instruction CLR instruction CLR instruction

<2> <2> <2>
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Figure 7-39. Software Processing Flow in Free-Running Timer Mode (Capture Function) (2/2)

<1> Count operation start flow

oD

Register initial setting Initial setting of these registers
TQOCTLO register is performed before setting the
(TQOCKSO0 to TQOCKS2 bits) TQOCE bit to 1.

TQOCTLI1 register,
TQOIOCH1 register,
TQOOPTO register

The TQOCKSO to TQOCKS2 bits can
TQOCE bit = 1 be set at the same time when counting
has been started (TQOCE bit = 1).

<2> Overflow flag clear flow

Read TQOOPTO register
(check overflow flag).

TQOOVF bit = 1

Execute instruction to clear
TQOOVF bit (CLR TQOOVF).

<3> Count operation stop flow

Counter is initialized and
TQOCE bit=0 counting is stopped by

clearing TQOCE bit to 0.
C s )
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(2) Operation timing in free-running timer mode

(a) Interval operation with compare register
When 16-bit timer/event counter Q is used as an interval timer with the TQnCCRa 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 INTTQnCCa signal has been detected.

FFFFH D11 Doa
Dot I%) }
. D Dzo/ DoaDé"ZD%
16-bit counter Doo gz D1zZ
Dzl?g‘/ D2:/
0000H
TQNCE bit J

TQnCCRO register Doo Dot Doz X Dos Dos X Dos
INTTQNCCO signal
TOQnNO pin output

Interval period Interval period Interval period Interval period Interval period
(Doo + 1) (Dot —Doo)  (10000H + (Dos — De2) (Do4 — Do3)
Poz - Dot) ‘ ‘

TQnCCRH1 register D1o D11 X D12 X D13 X Dia

INTTQNCC1 signal

TOQO1 pin output

Interval period Interval period  Interval period  Interval period
(D10 +1) (D11-D1w)  (10000H + D12—D11)  (D13—D12)

TQnCCR2 register D20 X D21 X D22 Das x

INTTQNCC2 signal

TOQO2 pin output

Interval period Interval period  Interval period  Interval period
(D20 + 1)  (10000H + D21 — D20) (D22 —D21) (10000H + D23 — D22)

TQNnCCRB3 register Dso X Das1 X Ds2

INTTQNnCCS signal

TOQOS3 pin output

Interval period Interval period
(Dso + 1) (10000H + D31 — Dso)
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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 TQnCCRa register must be re-set in the
interrupt servicing that is executed when the INTTQnCCa signal is detected.

The set value for re-setting the TQnCCRa 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=0, 1
a=0to3
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(b) Pulse width measurement with capture register
When pulse width measurement is performed with the TQOCCRa register used as a capture register,
software processing is necessary for reading the capture register each time the INTTQOCCa signal has
been detected and for calculating an interval.

FFFFH D1o D31 D13 D23
Dao D21 Z Da2 Z Das Z
Doo D11 Z
16-bit counter D2o Doz D22
Dot D1zz Dusz
0000H
TQOCE bit J

TIQOO0 pin input Uﬂ —l
TQOCCRO register 0000 Doo Dot Doz Dos
INTTQOCCO signal

Pulse interval Pulse interval  Pulse interval Pulse interval
(Doo + 1) (10000H + (10000H + (10000H +
Dot — Doo) Doz — Do1) Dos — Doz)

TIQO1 pin input | _l
TQOCCRH1 register 0000 D1o D11 D12 D13
INTTQOCCH1 signal —l

Pulse interval Pulse interval Pulse interval Pulse interval
(D1o+ 1) (10000H +  (10000H + (D13 - D12)
D11 - D1o) D12 - D11)

TIQO2 pin input | |
TQOCCR2 register 0000 D20 D21 D22 D23
INTTQOCC2 signal —l —l

Pulse interval  Pulse interval Pulse interval Pulse interval
(D20 + 1) (10000H + (20000H + (D23 — D22)
D21 — D2o) D22 — D21)

TIQO3 pin input | |
TQOCCRS register 0000 Dso Ds1 Ds2 Dss
INTTQOCCS signal

Pulse interval Pulse interval Pulse interval Pulse interval
(Dso + 1) (10000H + (10000H + (10000H +
Ds1 — Dso) Ds2 — Dst) Dss — Ds2)
INTTQOOV signal
TQOOVF bit

| | |

Clearedto 0 by Clearedto 0 by Cleared to 0 by
CLR instruction CLR instruction CLR instruction
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When executing pulse width measurement in the free-running timer mode, four pulse widths can be
measured with one channel.

To measure a pulse width, the pulse width can be calculated by reading the value of the TQOCCRa
register in synchronization with the INTTQOCCa signal, and calculating the difference between the read
value and the previously read value.

Remark a=0t03

User's Manual U16910EJ4V1UD 339



CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

(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 D} /
Doo Dot

0000H

TQOCE bit J

TIQOO pin input -| -|

TQOCCRQO register Doo Dot

TIQO1 pin input _| _|

TQOCCRT1 register D1o

D11
INTTQOOV signal -| |

TQOOVF bit

<1> <2> <3> <4>

The following problem may occur when two pulse widths are measured in the free-running timer mode.

<1> Read the TQOCCRO register (setting of the default value of the TIQO0O pin input).
<2> Read the TQOCCRT1 register (setting of the default value of the TIQO01 pin input).
<3> Read the TQOCCRO 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 TQOCCR1 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)

TQOCCRO register Doo Dot

INTTQOOQV signal

TQOOVFO flagh®®

TQOOVF1 flagh®®

Example when two capture registers are used (using overflow interrupt)

FFFFH
D11
16-bit counter D} /
Doo Dot
0000H

TQOCE bit |

TQOOVF bit —| —|

TIQOO pin input

TIQO1 pin input

TQOCCRT1 register D1o D11

<1> <2> <3> <4> <5> <6>

Note The TQOOVFO0 and TQOOVF1 flags are set on the internal RAM by software.

<1>
<2>

<3>

<4>

<5>

<6>

Read the TQOCCRO register (setting of the default value of the TIQOO pin input).

Read the TQOCCR1 register (setting of the default value of the TIQ01 pin input).

An overflow occurs. Set the TQOOVFO and TQOOVF1 flags to 1 in the overflow interrupt
servicing, and clear the overflow flag to O.

Read the TQOCCRO register.

Read the TQOOVFO flag. If the TQOOVFO flag is 1, clear it to 0.

Because the TQOOVFO flag is 1, the pulse width can be calculated by (10000H + Do1 — Doo).

Read the TQOCCRH1 register.

Read the TQOOVF1 flag. If the TQOOVF1 flag is 1, clear it to 0 (the TQOOVFO flag is cleared in
<4>, and the TQOOVF1 flag remains 1).

Because the TQOOVF1 flag is 1, the pulse width can be calculated by (10000H + D11 — D1o)
(correct).

Same as <3>
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2/2)

Example when two capture registers are used (without using overflow interrupt)

FFFFH

D11
16-bit counter Df /
Dot

Doo

0000H

TQOCE bit J

INTTQOOV signal -| -|

TQOOVF bit

TQOOVFO flagh®®

TIQOO pin input

TQOCCRQO register Doo Dot

TQOOVF1 flagh®®

TIQO1 pin input

TQOCCRT1 register D1o D1

<1> <2> <3> <4> <5> <6>

Note The TQOOVFO0 and TQOOVF1 flags are set on the internal RAM by software.

<1> Read the TQOCCRO register (setting of the default value of the TIQO0O pin input).
<2> Read the TQOCCR1 register (setting of the default value of the TIQO1 pin input).
<3> An overflow occurs. Nothing is done by software.
<4> Read the TQOCCRO register.
Read the overflow flag. If the overflow flag is 1, set only the TQOOVF1 flag to 1, and clear the
overflow flag to 0.
Because the overflow flag is 1, the pulse width can be calculated by (10000H + Do1 — Doo).
<5> Read the TQOCCR1 register.
Read the overflow flag. Because the overflow flag is cleared in <4>, 0 is read.
Read the TQOOVF1 flag. If the TQOOVF1 flagis 1, clear it to 0.
Because the TQOOVF1 flag is 1, the pulse width can be calculated by (10000H + D11 — D1o)
(correct).
<6> Same as <3>
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(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

0000H

TQOCE bit J

TIQOa pin input

TQOCCRa register Dao Dai

INTTQOOQV signal

TQOOVF bit

1 cycle of 16-bit counter

Pulse width

<1> <2> <3> <4>

The following problem may occur when a long pulse width is measured in the free-running timer mode.

<1> Read the TQOCCRa register (setting of the default value of the TIQOa 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 TQOCCRa 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=0t03

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 below.
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Example when capture trigger interval is long

FFFFH o

16-bit counter

0000H

TQOCE bit |
TIQOa pin input |
D

TQOCCRa register Dao at
INTTQOOQV signal -| -|
TQOOVF bit —l —l
Overﬂ&\g OH X 1H XEXE
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 TQOCCRa register (setting of the default value of the TIQOa pin input).
<2> An overflow occurs. Increment the overflow counter and clear the overflow flag to 0 in the overflow
interrupt servicing.
<3> An overflow occurs a second time. Increment (+1) the overflow counter and clear the overflow flag
to 0 in the overflow interrupt servicing.
<4> Read the TQOCCRa register.
Read the overflow counter.
— When the overflow counter is “N”, the pulse width can be calculated by (N x 10000H + Da1 —
Dao).
In this example, the pulse width is (20000H + Da1 — Dao) because an overflow occurs twice.
Clear the overflow counter (OH).

Remark a=0t03

344

(e)

Clearing overflow flag

The overflow flag can be cleared to 0 by clearing the TQnOVF bit to 0 with the CLR instruction after
reading the TQnOVF bit when it is 1 and by writing 8-bit data (bit 0 is 0) to the TQnOPTO register after
reading the TQnOVF bit when it is 1.
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(3) Note on capture operation
If the capture operation is used and if a slow clock is selected as the count clock, FFFFH, not 0000H, may be
captured to the TQOCCRa register if the capture trigger is input immediately after the TQOCTLO.TQOCE bit is
setto1(a=0to 3).

FFFFH

)]

16-bit counter =

]
/

Count clock
TQOCCRO register OOOOHX FFFFH >< 0001H
TQOCE bit J
TIQOO pin input |_| |_|
A A

Capture trigger input Capture trigger input
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7.6.7 Pulse width measurement mode (TQOMD2 to TQOMDO bits = 110)

In the pulse width measurement mode, 16-bit timer/event counter Q starts counting when the TQOCTLO.TQOCE bit
is set to 1. Each time the valid edge input to the TIQOa pin has been detected, the count value of the 16-bit counter is
stored in the TQOCCRa register, and the 16-bit counter is cleared to 0000H.

The interval of the valid edge can be measured by reading the TQOCCRa register after a capture interrupt request
signal (INTTQOCCa) occurs.

As shown in Figure 7-41, select either of the TIQO00 to TIQO03 pins as the capture trigger input pin. Specify “No
edge detection” by using the TQOIOC1 register for the unused pins.

Figure 7-40. Configuration in Pulse Width Measurement Mode

Remark a=0t0o3

Internal count clock —= Count
clock
EVTQO pin Q— Edae || selection Clear T
(external event 9
. detector .
count input) TQOCE 16-bit counter INTTQOOQV signal
TIQ00 pin O g6 bit
(capture detector t—= INTTQOCCO signal
trigger input) 9
TQOCCRO
register INTTQOCCH1 signal
t signa
TIQO1 pin O Edge (capture)
. (ca_pture detector
trigger input) " INTTQOCC?2 signal
register
) (capture)
TIQO2 pin ©— Edge INTTQOCCS signal
(capture detector
trigger input)
TQOCCR2
register
TI03 pin O—~| Eqge (capture)
(capture detector
trigger input)
TQOCCR3
register
(capture)
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Figure 7-41. Basic Timing in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TQOCE bit

TIQOa pin input k K

TQOCCRa register 0000H Do D1 D2 Ds

INTTQOCCa signal —| —| —| —|

INTTQOOV signal |_

Cleared to 0 by
TQOOVF bit CLR instruction

Remark a=0t03

When the TQOCE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TIQOa pin is
later detected, the count value of the 16-bit counter is stored in the TQOCCRa register, the 16-bit counter is cleared to
0000H, and a capture interrupt request signal (INTTQOCCa) 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 TIQOm pin even when the 16-bit counter counted up to FFFFH, an overflow
interrupt request signal (INTTQOQV) is generated at the next count clock, and the counter is cleared to 0000H and
continues counting. At this time, the overflow flag (TQOOPTO0.TQOOVF 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 Number of times for which TQOOVF bit is set to 1 + Captured value) x Count clock cycle

Remark a=0t03

User's Manual U16910EJ4V1UD 347



CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

Figure 7-42. Register Setting in Pulse Width Measurement Mode (1/2)

(a) TMQO control register 0 (TQOCTLO)

TQOCE TQOCKS2 TQOCKS1 TQOCKSO
TQOCTLO|0/1‘0‘0‘0‘0‘0/1‘0/1‘0/1'

——— Select count clock"°*®

0: Stop counting
1: Enable counting

Note Setting is invalid when the TQOCTL1.TQOEEE bit = 1.

(b) TMQO control register 1 (TQOCTL1)

TQOEST TQOEEE TQOMD2 TQOMDY TQOMDO
TQOCTL1|O‘O‘0/1‘O‘O‘1‘1‘0'

1,1,0:
Pulse width measurement mode

0: Operate with count
clock selected by
TQOCKSO0 to TQOCKS?2 bits
1: Count external event
count input signal

(c) TMQO I/O control register 1 (TQOIOC1)

TQOIS7 TQOIS6 TQOIS5 TQOIS4 TQOIS3 TQOIS2 TQOIST TQOISO
TQOIOC1| 0/1 \ 0/1 \ 0/1 \ 0/1 \ 0/ \ 0/ \ 0/ \ 0/1 |

L] L]
Select valid edge

of TIQOO0 pin input

Select valid edge
of TIQO1 pin input

Select valid edge
of TIQO2 pin input

Select valid edge
of TIQO3 pin input

(d) TMQO I/O control register 2 (TQ0IOC2)

TQOEES1 TQOEESO
TQOIOC2|O‘O‘O‘O‘O/1‘O/1‘ o\o|

Select valid edge of external
event count input (EVTQO pin)
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Figure 7-42. Register Setting in Pulse Width Measurement Mode (2/2)

(e) TMQO option register 0 (TQOOPTO)

TQOCCS3 TQOCCS2 TQOCCST TQOCCSO TQOOVF
TaooPTo [ 0 | o | o | o | o | o | o | on |

L

Overflow flag

(f) TMQO counter read buffer register (TQOCNT)
The value of the 16-bit counter can be read by reading the TQOCNT register.

(g) TMQO capture/compare registers 0 to 3 (TQOCCRO to TQOCCR3)
These registers store the count value of the 16-bit counter when the valid edge input to the TIQOa pin
is detected.

Remarks 1. TMQO I/O control register 0 (TQOIOCO) is not used in the pulse width measurement mode.
2. a=0to3
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(1) Operation flow in pulse width measurement mode

Figure 7-43. Software Processing Flow in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TQOCE bit

TIQOO pin input

TQOCCRO register

0000H

INTTQOCCO signal

<1>

<1> Count operation start flow

(o )

Register initial setting
TQOCTLO register
(TQOCKSO0 to TQOCKS?2 bits),
TQOCTLA1 register,
TQOIOCH register,
TQOIOC2 register,
TQOOPTO register

TQOCE bit =1

<2> Count operation stop flow

TQOCE bit=0

=

<2>

Initial setting of these registers
is performed before setting the
TQOCE bit to 1.

The TQOCKSO0 to TQOCKS2 bits can
be set at the same time when counting
has been started (TQOCE bit = 1).

The counter is initialized and counting
is stopped by clearing the TQOCE bit to 0.
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

(2) Operation timing in pulse width measurement mode

(a) Clearing overflow flag
The overflow flag can be cleared to 0 by clearing the TQOOVF bit to 0 with the CLR instruction after
reading the TQOOVF bit when it is 1 and by writing 8-bit data (bit 0 is 0) to the TQOOPTO register after
reading the TQOOVF bit when it is 1.

(3) Note
If a slow clock is selected as the count clock, FFFFH, not 0000H, may be captured to the TQOCCRa register if
the capture trigger is input immediately after the TQOCTLO.TQOCE bit is setto 1 (a =0 to 3).

FFFFH

16-bit counter = |_

0000H

Count clock

TQOCCRO register 0000H >< FFFFH >< 0002H

TQOCE bit J E |
TIQOO pin input |_| |_|

A A
Capture trigger input Capture trigger input
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CHAPTER 8 16-BIT INTERVAL TIMER M (TMM)

8.1 Overview

e |Interval function
¢ 8 clocks selectable
e 16-bit counter x 1
(The 16-bit counter cannot be read during timer count operation.)
e Compare register x 1
(The compare register cannot be written during timer counter operation.)
e Compare match interrupt x 1

Timer M supports only the clear & start mode. The free-running timer mode is not supported.
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8.2 Configuration
TMMO includes the following hardware.

Table 8-1. Configuration of TMMO

Item Configuration
Timer register 16-bit counter
Register TMMO compare register 0 (TMOCMPO)
Control register TMMO control register 0 (TMOCTLO)

Figure 8-1. Block Diagram of TMMO

8 Internal bus 2

TMOCTLO ﬁ @

[ TMOCE [TMOCKS2 TMOCKS1TMOCKS(| [ T™mocmPo |

Match
i ae INTTMOEQO

fxx ———
fxx/2
fxx/4 ——
fxx/8
fxx/16
fxx/32
fxx/64
fxx/128 ——

Controller 4—| 16-bit counter |237

lear

Selector

Remark fxx: Peripheral clock frequency

(1) 16-bit counter
This is a 16-bit counter that counts the internal clock.
The 16-bit counter cannot be read or written.

(2) TMMO compare register 0 (TMOCMPO)
The TMOCMPO register is a 16-bit compare register.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.
The same value can always be written to the TMOCMPO register by software.
Rewriting the TMOCMPO register is prohibited during TMMO operation (TMOCTLO.TMOCE bit = 1).

After reset: 0000H R/W Address: FFFFF544H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mocweo | | | 0 [ [ [ [ L L [ [ [ ]
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8.3 Control Register

(1) TMMO control register 0 (TMOCTLO)
The TMOCTLO register is an 8-bit register that controls the TMMO operation.
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 TMOCTLO register by software.

After reset: O0H R/W Address: FFFFF540H

<7> 6 5 4 3 2 1 0
TMOCTLO | TMOCE |  © 0 [TMOCKS2[TMOCKS1/TMOCKS0|

TMOCE Internal clock operation enable/disable specification

0 TMMO operation disabled (16-bit counter reset asynchronously)

1 TMMO operation enabled. Start operation clock supply. Start TMMO

operation.

The internal clock control and internal circuit reset for TMMO are performed
asynchronously with the TMOCE bit. When the TMOCE bit is cleared to 0, the
internal clock of TMMO is stopped (fixed to low level) and 16-bit counter is reset
asynchronously.
TMOCKS2 TMOCKS1 TMOCKSO Count clock selection

0 0 0 fxx

0 0 1 fxx/2

0 1 0 fxx/4

0 1 1 fxx/8

1 0 0 fxx/16

1 0 1 fxx/32

1 1 0 fxx/64

1 1 1 fxx/128

Cautions 1. Set the TMOCKS2 to TMOCKSO bits when the TMOCE bit = 0.
However, when changing the value of TMOCE from 0 to 1, it is
impossible to set the value of the TMOCKS2 to TMOCKSO bits
simultaneously.
2. Be sure to clear bits 3 to 6 to 0.

Remark fxx: Peripheral clock frequency
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CHAPTER 8 16-BIT INTERVAL TIMER M (TMM)

8.4 Operation
8.4.1 Interval timer mode
In the interval timer mode, an interrupt request signal (INTTMOEQO) is generated at the interval set by the

TMOCMPO register if the TMOCTLO.TMOCE bit is set to 1.

Figure 8-2. Configuration of Interval Timer

Clear

Count clock ]
selection }—’ 16-bit counter

{} Match signal
ﬁ

TMOCE bit TMOCMPO register

INTTMOEQO signal

Figure 8-3. Basic Timing of Operation in Interval Timer Mode

FFFFH
Do — Do — Do — Do N
16-bit counter
0000H
TMOCE bit
TMOCMPO register x Do
INTTMOEQO signal —| —| —| —|
Interval (Do + 2) |Interval (Do + 1) | Interval (Do + 1) |Interval (Do + 1)
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When the TMOCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0000H in synchronization
with the count clock, and the counter starts counting.

When the count value of the 16-bit counter matches the value of the TMOCMPO register, the 16-bit counter is
cleared to 0000H, and a compare match interrupt request signal (INTTMOEQO) is generated.

The interval can be calculated by the following expression.

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

Figure 8-4. Register Setting for Interval Timer Mode Operation

(a) TMMO control register 0 (TMOCTLO)

TMOCE TMOCKS2 TMOCKS1 TMOCKSO
TMOCTLO|0/1‘O‘0‘0‘0‘0/1‘0/1‘0/1|

Select count clock

0: Stop counting
1: Enable counting

(b) TMMO compare register 0 (TMOCMPO)
If the TMOCMPO register is set to Do, the interval is as follows.

Interval = (Do + 1) x Count clock cycle
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(1) Interval timer mode operation flow

Figure 8-5. Software Processing Flow in Interval Timer Mode

FFFFH

. Do — Do — Do —
16-bit counter

0000H

TMOCE bit

TMOCMPO register x Do

INTTMOEQO signal —| —| —|

<1>

<1> Count operation start flow

(o)

Initial setting of these registers is performed
Register initial setting before setting the TMOCE bit to 1.
TMOCTLO register
(TMOCKSO0 to TMOCKS?2 bits)
TMOCMPO register

The TMOCKSO0 to TMOCKS2 bits cannot be
set at the same time when counting has
been started (TMOCE bit = 1).

TMOCE bit = 1

<2> Count operation stop flow

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

=

<2>
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CHAPTER 8 16-BIT INTERVAL TIMER M (TMM)

(2) Interval timer mode operation timing

(a) Operation if TMOCMPO register is set to 0000H
If the TMOCMPO register is set to 0000H, the INTTMOEQO signal is generated at each count clock.
The value of the 16-bit counter is always 0000H.

Count clock |
16-bit counter FFFFH X 0000H 0000H 0000H 0000H
TMOCE bit
TMOCMPO register 0000H
INTTMOEQO signal |
Interval time Interval time Interval time
Count clock cycle x 2 Count clock cycle |Count clock cycle

(b) Operation if TMOCMPO register is set to FFFFH
If the TMOCMPO 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 INTTMOEQO signal is generated.

FFFFH

16-bit counter

0000H
TMOCE bit
TMOCMPO register FFFFH
INTTMOEQO signal —l —l —l
Interval time Interval time Interval time
10001H x 10000H x 10000H x
count clock cycle |count clock cycle |count clock cycle
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CHAPTER 8 16-BIT INTERVAL TIMER M (TMM)

8.5 Cautions

(1) Error on starting timer
It takes one clock to generate the first compare match interrupt request signal (INTTMOEQO) after the

TMOCTLO.TMOCE bit is set to 1 and TMMO is started. This is because the value of the 16-bit counter is FFFFH
when the TMOCE bit = 0 and TMMO is started asynchronously to the count clock.

Count clock

TMOCE bit

16-bit counter FFFFH 0000H 0001H 0002H

(2) Rewriting the TMOCMPO and TMOCTLO registers is prohibited while TMMO is operating.
If these registers are rewritten while the TMOCTLO.TMOCE bit is 1, the operation cannot be guaranteed.
If they are rewritten by mistake, clear the TMOCE bit to 0, and re-set the registers.
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CHAPTER 9 MOTOR CONTROL FUNCTION

Functional Overview

Timer Q1 (TMQ1) and the TMQ1 option (TMQOP1) can be used as an inverter function that controls a motor. It
performs a tuning operation with timer P1 (TMP1) and A/D conversion of A/D converters 0 and 1 can be started when
the value of TMQ1 matches the value of TMP1. The following operations can be performed as motor control functions.

360

6-phase PWM output function with 16-bit accuracy (with dead-timer, for upper and lower arms)
Timer tuning operation function (tunable with TMP1)

Cycle setting function (cycle can be changed during operation of crest or valley interrupt)
Compare register rewriting: Anytime rewrite, batch rewrite, or intermittent rewrite (selectable during TMQ1
operation)

Interrupt and transfer culling functions

Dead-time setting function

A/D trigger timing function of A/D converters 0 and 1 (four types of timing can be generated)
0% output and 100% output available

0% output and 100% output selectable by crest interrupt and valley interrupt

Forced output stop function

¢ At valid edge detection by external pin input (TOQ10FF, TOP20FF, TOP30OFF, TOQHOOFF)
¢ At main clock oscillation stop detection by clock monitor function
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CHAPTER 9 MOTOR CONTROL FUNCTION

9.2 Configuration

The motor control function consists of the following hardware.

Item Configuration
Timer register Dead-time counter m
Compare register TMQ1 dead-time compare register (TQ1DTC register)
Control registers TMQ?1 option register 0 (TQ1OPTO

)
TMQ?1 option register 1 (TQ1OPT1)
TMQ?1 option register 2 (TQ10PT2)

TMQ?1 option register 3 (TQ1OPT3)

TMQ?1 I/O control register 3 (TQ110C3)

High-impedance output control registers 0, 1 (HZA1CTLO, HZAaCTL1)

Remark m=0to 3
a=0,1

e 6-phase PWM output can be produced with dead time by using the output of TMQ1 (TOQ11, TOQ12, TOQ13)

e The output level of the 6-phase PWM output can be set individually.

e The 16-bit timer/counter of TMQ1 counts up/down triangular waves. When the timer/counter underflows and
when a cycle match occurs, an interrupt is generated. Interrupt generation, however, can be suppressed up to
31 times.

e TMP1 can execute counting at the same time as TMQ1 (timer tuning operation function). TMP1 can be set in
four ways as it can generate two types of A/D trigger sources (INTTP1CCO and INTTP1CC1), and two types of
interrupts: on underflow interrupt (INTTQ10V) and cycle match interrupt (INTTQ1CCO).
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Figure 9-1. Block Diagram of Motor Control

© TOQ10
TMQ1
o Carrier © TOQ1T1
e 3-phase PWM TMQ1 option <
generation
e 6-phase PWM —© TOQ1B1
generation with |
dead time from I
3-phase PWM O TOQ1T2
TMP1 o o Culling control | < i
e A/D trigger timing | & A/D trigger selection
generation in @ TOoQ1B2
tuning operation A
with TMQ1 I
: © TOQ1T3
TMPm © T10Q1B3
e PWM generation o < 4
— © TOPm1
High-impedance /(
output 7"
controller ; 1™
«See Figure | |
9-4. L
- t';ll?r'lnsiremtion © TOPMOFF
Crest interrupt A/D trigger of A/D converters 0 and 1
(INTTQ1CCO)
INTC Valley interrupt
(INTTQ10V)

o Interrupt control

Edge detection

Remark m=2,3

Edge detection
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Figure 9-2. TMQ1 Option

Internal bus

i

TQIDTC

(10-bit dead-time value)

© T0Q10

High-impedance
output controller

T™MQ1 Channel 1 Positive Level
phase | © TOQ1T1
T0Q10 {7 Ciear | il cortro <
TOQ11 Edge Dead-time counter 1 Active setting  Output control
(internal detection (10 bits) L INegatve
Level
: h © TOQ1B1
signal) PEE control ©
Active setting Output control
Channel 2 k OToarT2
ToQ12 [~ | o
(internal & ToQ1B2
signal) ¢ »
—O TOQ1T3
TOQ13 Channel 3 k
(internal [
signal) —O TOQ1B3
Interrupt culling circuit INTC
) INTTQ10V
) INTTQ1CCO
® Counter
Mask [
control
Mask count buffer ‘L Crest/valley interrupt
selection
1 Culling enable
Number of masks
AD trigger A/D trigger selection
generator 1 (TQ1OPT2 register)
Up/down selection
TQTADT10 A/D
converter 0
TMP1
INTTP1CCO A/D trigger [ ap trigger selection
generator 2|  (TQ1OPTS register)
INTTP1CC1}|—s
Up/down selection
TQTADT11 A/D

D

converter 1
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CHAPTER 9 MOTOR CONTROL FUNCTION

(1) TMQ1 dead-time compare register (TQ1DTC)

The TQ1DTC register is a 10-bit compare register that specifies a dead-time value.
Rewriting this register is prohibited when the TQ1CTLO.TQ1CE bit = 1.

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

Reset sets this register to 0000H.

Caution To generate the dead-time period, set the TQ1DTC register to 1 or more.
When the operation is stopped (TQ1CTLO.TQ1CE bit = 0), the dead-time period is not
generated and the output level of the TOQ1T1 to TOQ1T3 pins and TOQ1B1 to TOQ1B3 pins
will be in the initial status. For the system protection, therefore, before operation is being
stopped, set the TOQ1T1 to TOQ1T3 and TOQ1B1 to TOQ1B3 pins to the high impedance
state, or set the output level of pins and switch them to the port mode.
If a dead time period is not needed, set the TQ1DTC register to 0.

After reset: 0000H

15

R/W

Address: FFFFF624H

10 9 0

TQ1DTC

000000

TQ1DTC9 to TQ1DTCO

(2) Dead-time counters 1 to 3

364

The dead-time counters are 10-bit counters that count dead time.

These counters are cleared or count up at the rising or falling edge of the TOQ1m output signal by TMQ1, and
are cleared or stopped when their count value matches the value of the TQ1DTC register. The count clock of
these counters is the same as that set by the TQ1CTL0.TQ1CKS2 to TQ1CTL0.TQ1CKSO bits of TMQ1.

Remarks 1. The operation differs when the TQ1OPT2.TQ1DTM bit = 1. For details, see 9.4.2 (4) Automatic
dead-time width narrowing function (TQ1OPT2.TQ1DTM bit = 1).

2. m=1t03
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9.3 Control Registers

(1) TMQ1 option register 0 (TQ10PTO0)

The TQ10OPTO register is an 8-bit register that controls the timer Q1 option function.
This register can be read or written in 8-bit or 1-bit units. However, the TQ1CUF bit is read-only.

Reset sets this register to O0H.

Caution The TQ1CMS and TQ1CUF bits can be set only in the 6-phase PWM output mode. Be sure to

clear these bits to 0 when TMQ1 is used alone.

After reset: 00H R/W Address: FFFFF605H

<2> <1> <0>
Taiopto [ o | o | o | o | o |taicms|Taicur |taiovre|
TQ1CMS Compare register rewrite mode selection
0 Batch rewrite mode (transfer operation)
1 Anytime rewrite mode

in any other mode.

TQ1CTLO.TQ1CE bit = 1).

e The TQ1CMS bit is valid only when the 6-phase PWM output mode is set (when the
TQ1CTL1.TQ1MD2 to TQ1CTL1.TQ1MDO bits = 111). Clear the TQ1CMS bit to 0

e The TQ1CMS bit can be rewritten while the timer is operating (when the

» The following compare registers are rewritten in the batch write mode.
TQ1CCRO to TQ1CCR3, TP1CCRO, TP1CCR1, and TQ10PT1 registers

TQ1CUF Count-up/count-down flag of timer Q1
0 Timer Q1 is counting up.
1 Timer Q1 is counting down.

TQ1CTL1.TQ1MD2 to TQ1CTL1.TQ1MDO bits = 111).

The TQ1CUF bit is valid only when the 6-phase PWM output mode is set (when the

COUNTER Q (TMQ).

Caution Be sure to clear bits 7 to 3 to 0.

Note For details of the TQ1OVF bit, see CHAPTER 7

16-BIT TIMER/EVENT
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CHAPTER 9 MOTOR CONTROL FUNCTION

(2) TMQ1 option register 1 (TQ10PT1)
The TQ10OPT1 register is an 8-bit register that controls the interrupt request signal generated by the timer Q1
option function.
The TQ1OPT1 register generates the signals output to the interrupt culling circuit, A/D trigger generator 1, and
A/D trigger generator 2 shown in Figure 9-2.
This register can be rewritten when the TQ1CTLO.TQ1CE bit is 1.
Two rewrite modes (batch write mode and anytime write mode) can be selected, depending on the setting of
the TQ1OPTO0.TQ1CMS bit.
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: FFFFF620H

<7> <6> 5 4 3 2 1 0
TQIOPT1 [ TQticE| Ta1l0E| o | Ta1p4 | TaiiDs | TQ1D2 | TQ1D1 | TQ1IDO |

TQ1ICE Crest interrupt (INTTQ1CCO signal) enable™°*
0 Do not use INTTQ1CCO signal (do not use it as count signal for interrupt
culling).
1 Use INTTQ1CCO signal (use it as count signal for interrupt culling).
TQ1IOE Valley interrupt (INTTQ10V signal) enable™°t®
0 Do not use INTTQ10V signal (do not use it as count signal for interrupt
culling).
1 Use INTTQ1OV signal (use it as count signal for interrupt culling).
TQ1ID4| TQ1ID3 | TQ1ID2 | TQ1ID1 | TQ1IDO Number of times of interrupt
0 0 0 0 0 Not culled (all interrupts are output)
0 0 0 0 1 1 masked (one of two interrupts is output)
0 0 0 1 0 2 masked (one of three interrupts is output)
0 0 0 1 1 3 masked (one of four interrupts is output)
1 1 1 0 0 28 masked (one of 29 interrupts is output)
1 1 1 0 1 29 masked (one of 30 interrupts is output)
1 1 1 1 0 30 masked (one of 31 interrupts is output)
1 1 1 1 1 31 masked (one of 32 interrupts is output)

Note When using the crest interrupt (INTTQ1CCO signal) and the valley interrupt
(INTTQ10OV signal) as the count signal for interrupt culling or as the A/D trigger
signal, set the signal to be used to 1.

A/D trigger is generated at the culled interrupt timing.
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(3) TMQ1 option register 2 (TQ10PT2)
The TQ1OPT2 register is an 8-bit register that controls the timer Q1 option function.

This register can be rewritten when the TQ1CTLO.TQ1CE bit is 1.

prohibited when the TQ1CE bit is 1. The same value can be rewritten.

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

Reset sets this register to O0H.

(1/2)

After reset: 00H

<7>

R/W Address: FFFFF621H

<6> <5> <4> <3> <2> <1> <0>

TQ1OPT2 | TQIRDE | TQ1DTM |TQ1ATMO3| TQIATMo2| TQ1ATO3|TQ1AT02| TQ1ATO1| TQ1ATOO|

TQ1RDE

Transfer culling enable

0 Do not cull transfer (transfer timing is generated every time at crest
and valley).

1 Cull transfer at the same interval as interrupt culling set by the TQ1OPT1
register.

TQ1DTM

Dead-time counter operation mode selection

0 Dead-time counter counts up normally and, if TOQ1m output of TMQ1 is
at a narrow interval (TOQ1m output width < dead-time width), the
dead-time counter is cleared and counts up again.

1 Dead-time counter counts up normally and, if TOQ1m output of TMQ1 is
at a narrow interval (TOQ1m output width < dead-time width), the
dead-time counter counts down and the dead-time control width is
automatically narrowed.

TQ1DTM bit.

Rewriting the TQ1DTM bit is disabled during timer operation. If it is rewritten by
mistake, stop the timer operation by clearing the TQ1CE bit to 0, and re-set the

Cautions 1.

When using interrupt culling (the TQ10OPT1.TQ1ID4 to
TQ10PT1.TQ1IDO bits are set to other than 00000), be sure to set the
TQ1RDE bit to 1.

Therefore, the interrupt and transfer are generated at the same
timing. The interrupt and transfer cannot be set separately. If the
interrupt and transfer are set separately (TQ1RDE bit = 0), transfer is
not performed normally.

To generate the dead-time period, set the TQ1DTC register to 1 or
more.

When the operation is stopped (TQ1CTL0.TQ1CE bit = 0), the dead-
time period is not generated and the output level of the TOQ1T1 to
TOQ1T3 pins and TOQ1B1 to TOQ1B3 pins will be in the initial status.
For the system protection, therefore, before operation is being
stopped, set the TOQ1T1 to TOQ1T3 and TOQ1B1 to TOQ1B3 pins to
the high impedance state, or set the output level of pins and switch
them to the port mode.

If a dead time period is not needed, set the TQ1DTC register to 0.

Remark m=11t03
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TQ1ATMO3 TQ1ATMO03 mode selection

0 Output A/D trigger signal (TQTADT10) for INTTP1CC1 interrupt while
dead-time counter is counting up.

1 Output A/D trigger signal (TQTADT10) for INTTP1CC1 interrupt while
dead-time counter is counting down.

TQ1ATMO2 TQ1ATMO02 mode selection

0 Output A/D trigger signal (TQTADT10) for INTTP1CCO interrupt while
dead-time counter is counting up.

1 Output A/D trigger signal (TQTADT10) for INTTP1CCO interrupt while
dead-time counter is counting down.

TQ1ATO3M® A/D trigger output control 3
0 Disable output of A/D trigger signal (TQTADT10) for INTTP1CCH1
interrupt.
1 Enable output of A/D trigger signal (TQTADT10) for INTTP1CCH1
interrupt.
TQ1ATO2V A/D trigger output control 2
0 Disable output of A/D trigger signal (TQTADT10) for INTTP1CCO
interrupt.
1 Enable output of A/D trigger signal (TQTADT10) for INTTP1CCO
interrupt.
TQIATO1 Nt A/D trigger output control 1

0 Disable output of A/D trigger signal (TQTADT10) for INTTQ1CCO
(crest interrupt).

1 Enable output of A/D trigger signal (TQTADT10) for INTTQ1CCO
(crest interrupt).

TQ1ATQQN A/D trigger output control 0

0 Disable output of A/D trigger signal (TQTADT10) for INTTQ10V
(valley interrupt).

1 Enable output of A/D trigger signal (TQTADT10) for INTTQ10V
(valley interrupt).

Note For the setting of the TQ1AT03 to TQ1ATO0O bits, see CHAPTER 11
A/D CONVERTERS 0 AND 1.
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(4) TMQ1 option register 3 (TQ10PT3)
The TQ1OPT3 register is an 8-bit register that controls the timer Q1 option function.
This register can be rewritten when the TQ1CTLO.TQ1CE bit is 1.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF623H
6 <5> <4> <3> <2> <1> <0>
TQIOPT3| 0 | 0 [TQIATMI3TQIATMI2 TQIAT13[TQ1AT12|TQIAT11|TQIAT10|
TQ1ATM13 TQ1ATM3 mode selection

0 Output A/D trigger signal (TQTADT11) of INTTP1CC1 interrupt while
dead-time counter is counting up.

1 Output A/D trigger signal (TQTADT11) of INTTP1CC1 interrupt while
dead-time counter is counting down.

TQ1ATM12 TQ1ATM2 mode selection

0 Output A/D trigger signal (TQTADT11) of INTTP1CCO interrupt while
dead-time counter is counting up.

1 Output A/D trigger signal (TQTADT11) of INTTP1CCO interrupt while
dead-time counter is counting down.

TQ1AT13Nee A/D trigger output control 3
0 Disable output of A/D trigger signal (TQTADT11) for INTTP1CC1 interrupt.
1 Enable output of A/D trigger signal (TQTADT11) for INTTP1CCH1 interrupt.

TQ1AT12Ne A/D trigger output control 2
0 Disable output of A/D trigger signal (TQTADT11) for INTTP1CCO interrupt.
1 Enable output of A/D trigger signal (TQTADT11) for INTTP1CCO interrupt.

TQIAT{{Nee A/D trigger output control 1

0 Disable output of A/D trigger signal (TQTADT11) for INTTQ1CCO interrupt
(crest interrupt).

1 Enable output of A/D trigger signal (TQTADT11) for INTTQ1CCO interrupt
(crest interrupt).

TQ1AT1QN® A/D trigger output control 0

0 Disable output of A/D trigger signal (TQTADT11) for INTTQ10OV interrupt
(valley interrupt).

1 Enable output of A/D trigger signal (TQTADT11) for INTTQ10V interrupt
(valley interrupt).

Note For the setting of the TQ1AT13 to TQ1AT10 bits, see CHAPTER 11
A/D CONVERTERS 0 AND 1.
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(5) TMQ1 I/O control register 3 (TQ110C3)

The TQ1IOCS register is an 8-bit register that controls the output of the timer Q1 option function.

To output from the TOQ1Tm pin, set the TQ110C0.TQ1OEm bit to 1 and then set the TQ1I0C3 register.

The TQ1I0C3 register can be rewritten only when the TQ1CTLO.TQ1CE bit is 0.

Rewriting each bit of the TQ110C3 register is prohibited when the TQ1CTL0.TQ1CE bit is 1; however the same
value can be rewritten to each bit of the TQ1I0C3 register when the TQ1CTLO.TQ1CE bit is 1.

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

Reset sets this register to A8H.

Caution Set the TQ1I0C3 register to the default value (A8H) when the timer is used in a mode other
than the 6-phase PWM output mode.

Remark Set the output level of the TOQ1Tm pin by the TQ110CO register.

After reset: A8H R/W Address: FFFFF622H

<7> <6> <56> <4> <3> <2>
TQ1I0C3  [TQ10LB3 TQ10EB3| TQ10LB2TQ1OEB2 TQ1OLBITQIOEBY 0 | o |

TQ10LBm Setting of TOQ1Bm pin output level (m = 1 to 3)

0 Disable inversion of output of TOQ1Bm pin

1 Enable inversion of output of TOQ1Bm pin

TQ10EBm TOQ1Bm pin output (m =1 to 3)

0 Disable TOQ1Bm pin output.
e When TQ10LBm bit = 0, low level is output from TOQ1Bm pin.
e When TQ10OLBm bit = 1, high level is output from TOQ1Bm pin.

1 Enable TOQ1Bm pin output.
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(a) Output from TOQ1Tm and TOQ1Bm pins
The TOQ1Tm pin output is controlled by the TQ1I0C0.TQ10Lm and TQ1IOCO0.TQ1OEm bits. The
TOQ1Bm pin output is controlled by the TQ110C3.TQ10LBm and TQ110C3.TQ10EBm bits.
The timer output with each setting in the 6-phase PWM output mode is shown below.

<R> Figure 9-3. Output Control of TOQ1Tm and TOQ1Bm Pins (Without Dead Time)

16-bit
counter

TQ10Em bit =0, TQ10OLm bit = O (status after reset)

TQ10EBm bit = 0, TQ1OLBm bit = 1 (status after reset)
T T T

TOQ”m Fixed to low-level output
pin output ‘ ‘ ‘
TOQ1Bm - — I I
pin output Fixed to high-level output

| | |
TQ10Em bit = 1, TQ10Lm bit = 0 (positive-phase output)
TQ10EBm bit = 1, TQ1OLBm bit = 1 (negative-phase output)

TOQ1Tm

pin output | [ | [ | [ [ [ | |__
TOQ1B — T
oot ] LT [ L[ T LT

TQ10Em bit = 1, TQ10Lm bit = 0 (positive-phase output)
TQ10EBm bit = 1, TQ1OLBm bit = 0 (positive-phase output)

TOQ1Tm

pin output __| [ | [ | [ [ [ [ | |
TOQ1Bm
pin output  ————1 I I I I I I I I L

TQ10Em bit = 1, TQ10OLm bit = 1 (negative-phase output)
TQ10EBm bit = 1, TQ1OLBm bit = 1 (negative-phase output)

TOQ1TMm __| |
pin output _l [ [ [ [ [ [ | [ |
TOQ1Bm ] I I I I I I I I [T
pin output

Remark m=1t0o3
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Table 9-1. TOQ1Tm Pin Output

TQ10Lm Bit

TQ10Em Bit

TQ1CE Bit

TOQ1Tm Pin Qutput

0

0

X

Low-level output

1

0

Low-level output

TOQ1Tm positive-phase output

High-level output

High-level output

TOQ1Tm negative-phase output

Remark m=1to3

Table 9-2. TOQ1Bm Pin Output

TQ10LBm Bit

TQ10EBm Bit

TQ1CE Bit

TOQ1Bm Pin Output

0

0

X

Low-level output

1

0

Low-level output

TOQ1Bm positive-phase output

High-level output

High-level output

TOQ1Bm negative-phase output

Remark m=1to3
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(6) High-impedance output control registers 00, 01, 10, 11 (HZAyCTLn)
The HZAyCTLn registers are 8-bit registers that control the high-impedance state of the output buffer.
These registers can be read or written in 8-bit or 1-bit units. However, the HZAyDCF1 bit is a read-only bit and

cannot be written.
16-bit access is not possible.

Reset sets these registers to 00H.

The same value can be always rewritten to the HZAyCTLn register by software.
The relationship between detection factor and the control registers is shown below.

Pins Subject to High-Impedance Control

High-lmpedance Control Factor (External Pin)

Control Register

When TOQHO1 to TOQHO3 are output TOQHOOFF HZAOCTLO
When TOP21 is output TOP20OFF HZAOCTLA
When TOQ1T1 to TOQ1T3 are output TOQ10FF HZA1CTLO
When TOQ1B1 to TOQ1B83 are output

When TOP31 is output TOP3OFF HZA1CTL1

Caution High-impedance control is performed only when a port pin is set to function as indicated in

the above table.
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(1/2)

After reset: 00H R/W Address: HZAOCTLO FFFFF5FOH, HZAOCTL1 FFFFF5F1H,

HZA1CTLO FFFFF630H, HZA1CTL1 FFFFF631H

<7> <6> 5 4 <3> <2> 1 <0>

HZAyCTLn | HZAyDCEn ‘HZAyDCMn ‘ HZAyDCNn ‘ HZAyDCPn ‘ HZAyDCTn ‘ HZAyDCCn ‘ 0 ‘ HZAyDCFn |

n=0,1
y=0,1

)

HZAyDCEn High-impedance output control

0 Disable high-impedance output control operation. Pins can function as
output pins.

1 Enable high-impedance output control operation.

HZAyDCMn Condition of clearing high-impedance state by HZAyDCCn bit

0 Setting of the HZAyDCCn bit is valid regardless of the external pinN°te
input.

1 Setting of the HZAyDCCn bit is invalid while the external pinN°*® input
holds a level detected as abnormal (active level).

Rewrite the HZAyDCMn bit when the HZAyDCEn bit = 0.

HZAyDCNn | HZAyDCPn External pinN°t® input edge specification

0 0 No valid edge (setting the HZAyDCFn bit by external pinNete
input is prohibited).

0 1 Rising edge of the external pinN°*® input is valid
(abnormality is detected by rising edge input).

1 0 Falling edge of the external pinN°t input is valid
(abnormality is detected by falling edge input).

1 1 Setting prohibited

o Rewrite the HZAyDCNn and HZAyDCPn bits when the HZAyDCERn bit is 0.

o For the edge specification of the INTPO to INTP3 pins, see 14.4.2 (1) External
interrupt rising edge specification register 0 (INTRO), external interrupt
falling edge specification register 0 (INTFO0).

» High-impedance output control is performed when the valid edge is input after the
operation is enabled (by setting HZAyDCER bit to 1). If the external pinN°®® is at
the active level when the operation is enabled, therefore, high-impedance output
control is not performed.

HZAyDCTn High-impedance output trigger bit
0 No operation
1 Pins are made to go into a high-impedance state by software and the
HZAyDCFn bit is set to 1.

o If an edge indicating abnormality is input to the external pinN°*® (which is detected
according to the setting of the HZAyDCNn and HZAyDCPn bits), the HZAyDCTn
bit is invalid even if it is set to 1.

e The HZAyDCTn bit is always 0 when it is read because it is a software-triggered
bit.

e The HZAyDCTn bit is invalid even if it is set to 1 when the HZAyDCEn bit = 0.

e Simultaneously setting the HZAyDCTn and HZAyDCCn bits to 1 is prohibited.

Note HZAOCTLO: TOQHOOFF pin, HZAOCTL1: TOP2OFF pin,
HZA1CTLO: TOQ10FF pin, HZA1CTL1: TOP3OFF pin
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HZAyDCCn High-impedance output control clear bit
0 No operation
1 Pins that have gone into a high-impedance state are output-enabled by
software and the HZAyDCFn bit is cleared to 0.

e Pins can function as output pins when the HZAyDCM bit = 0, regardless of the
status of the external pinN°te,

o If an edge indicating abnormality is input to the external pinN°*® (which is set by the
HZAyDCNn and HZAyDCPn bits) when the HZAyDCM bit = 1, the HZAyDCCn
bit is invalid even if it is set to 1.

e The HZAyDCCn bit is always 0 when it is read.

e The HZAyDCCn bit is invalid even if it is set to 1 when the HZAyDCERn bit = 0.

e Simultaneously setting the HZAyDCTn and HZAyDCCn bits to 1 is prohibited.

HZAyDCFn High-impedance output status flag

0 Indicates that output of the pin is enabled.
¢ This bit is cleared to 0 when the HZAyDCEn bit = 0.
e This bit is cleared to 0 when the HZAyDCCn bit = 1.

1 Indicates that the pin goes into a high-impedance state.

¢ This bit is set to 1 when the HZAyDCTn bit = 1.

o This bit is set to 1 when an edge indicating abnormality is input to the
external pinN°*® (which is detected according to the setting of the
HZAyDCNn and HZAyDCPn bits).

Note HZAOCTLO: TOQHOOFF pin, HZAOCTL1: TOP2OFF pin,
HZA1CTLO: TOQ1OFF pin, HZA1CTL1: TOP3OFF pin
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Figure 9-4. High-Impedance Output Controller Configuration

NTPO

INTPO/ Analog ‘
ToaqHoorr © delay HZAOCTLO \
—?%@ TOQHO1
TMQO | ;—(:) TOQH02
INTP2 7% TOQHO03
ol s | moon
’7_/
TMP2 |— TOP21
TP
TOlIDI\é-(r)FI’:SF/ © Adr:j:/g H| HeateT
’7—/
TMP3 |— TOP31
INTP1/ Analog
ToaiorF © delay HZA1CTLO \,
—  =PLL 7;4@) TOQ1B1
@ i - ;%o) TOQ1T1
X10 Main oscillator CIOCk. mc_)nltor s
X2 © circuit
— ;—(:) TOQ1B2
TMQOPH1 >
Internal —;—@ TOQ1T2
oscillator 3
— ——O TOQ1B3
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(a) Setting procedure

U

(i)

Setting of high-impedance control operation
<1> Set the HZAyDCMn, HZAyDCNn, and HZAyDCP1 bits.
<2> Set the HZAyDCERn bit to 1 (enable high-impedance control).

Changing setting after enabling high-impedance control operation

<1> Clear the HZAyDCEn bit to 0 (to stop the high-impedance control operation).

<2> Change the setting of the HZAyDCMn, HZAyDCNn, and HZAyDCP1 bits.

<3> Set the HZAyDCEn bit to 1 (to enable the high-impedance control operation again).

(iii) Resuming output when pins are in high-impedance state

If the HZAyDCMn bit is 1, set the HZAyDCCn bit to 1 to clear the high-impedance state after the valid

edge of the external pin"™ is detected. However, the high-impedance state cannot be cleared unless

Note

this bit is set while the input level of the external pin™* is inactive.

<1> Set the HZAyDCCn bit to 1 (command signal to clear the high-impedance state).

<2> Read the HZAyDCFn bit and check the flag status.

<3> Return to <1> if the HZAyDCFn bit is 1. The input level of the external pin"** must be checked.

The pin can function as an output pin if the HZAyDCFn bit is 0.

(iv) To make the pin to go into a high-impedance state by software

The HZAyDCTn bit must be set to 1 by software to make the pin to go into a high-impedance state
while the input level of the external pin** is inactive. The following procedure is an example in which
the setting is not dependent upon the setting of the HZAyDCMn bit.

<1> Set the HZAyDCTn bit to 1 (high-impedance output command).

<2> Read the HZAyDCFn bit to check the flag status.

<3> Return to <1> if the HZAyDCFn bit is 0. The input level of the external pin"** must be checked.

The pin is in a high-impedance state if the HZAyDCFn bit is 1.

However, if the external pin"™ is not used with the HZAyDCP1 bit and HZAyDCNn bit cleared to 0, the
pin goes into a high-impedance state when the HZAyDCTn bit is set to 1.

Note HZAOCTLO: TOQHOOFF pin, HZAOCTL1: TOP20OFF pin, HZA1CTLO: TOQ1OFF pin,
HZA1CTL1: TOP3OFF pin
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9.4 Operation

9.4.1

System outline

(1) Outline of 6-phase PWM output

378

The 6-phase PWM output mode is used to generate a 6-phase PWM output wave, by using TMQ1 and the
TMQ1 option in combination.

The 6-phase PWM output mode is enabled by setting the TQ1CTL1.TQ1MD2 to TQ1CTL1.TQ1MDO bits of
TMQ1 to “111”.

One 16-bit counter and four 16-bit compare registers of TMQ1 are used to generate a basic 3-phase wave.

The functions of the compare registers are as follows.

TMP1 can perform a tuning operation with TMQ1 to start a conversion trigger source for A/D converters 0 and
1.

Compare Register Function Settable Range
TQ1CCRO register Setting of cycle 0002H <m < FFFEH
TQ1CCRT1 register Specifying output width of phase U 0000H <i<m+1
TQ1CCR2 register Specifying output width of phase V 0000H <j<m+ 1
TQ1CCRB3 register Specifying output width of phase W 0000H <k<m + 1

Remark m = Set value of TQ1CCRO register
i = Set value of TQ1CCR1 register
j = Set value of TQ1CCR2 register
k = Set value of TQ1CCRS3 register

A dead-time interval is generated from the basic 3-phase wave generated by using three 10-bit dead-time
counters and one compare register to create a wave with a reverse phase to that of the basic 3-phase wave.
Then a 6-phase PWM output wave (U, U, V, V, W, and W) is generated.

The 16-bit counter for generating the basic 3-phase wave counts up or down. After the operation has been
started, this counter counts up. When its count value matches the cycle set to the TQ1CCRO register, the
counter starts counting down. When the count value matches 0001H, the counter counts up again. This
means that a value two times higher than the value set to the TQ1CCRO register + 1 is the carrier cycle.

10-bit dead-time counters 1 to 3 that generate the dead-time interval count up. Therefore, the value set to the
TMQ1 dead-time compare register (TQ1DTC) is used as a dead-time value as is. Because three counters are
used, dead time can be generated independently in phases U, V, and W. However, because there is only one
register that specifies a dead-time value (TQ1DTC), the same dead-time value is used in the three phases.
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Figure 9-5. Outline of 6-Phase PWM Output Mode

16-bit counter

Up/down selection

0001H

TQ1CCRO register (carrier cycle)

TOQ11 (internal
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culling circuit;

A/D trigger
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(crest interrupt)
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TOQ12 (internal
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Dead-time counter 1
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—
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TOQ13 (internal
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Dead-time counter 2
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TQ1CCR3 register (phase W output data)

Dead-time counter 3
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——Q TOQ1B2 pin
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Figure 9-6. Timing Chart of 6-Phase PWM Output Mode

16-bit
counter

0000H
TQ1CCRO
register
TQ1CCR1
register
TQ1CCR2
register
TQ1CCR3
register

TOQ11 signal
(internal signal)
TOQ12 signal
(internal signal)
TOQ13 signal
(internal signal)

M (carrier data)

i (phase U data)

j (phase V data)

k (phase W data)

Cautions 1.

TQ1DTC
register

Dead-time
counter 1 |_

Dead-time
counter 2

Dead-time
counter 3 \_
TOQ10 |_

pin output

TOQ1T1
pin output (U)
TOQ1B1
pin output (U)
TOQ1T2
pin output (V)
TOQ1B2
pin output (V)
TOQ1T3
pin output (W)
TOQ1B3
pin output (W)

Carri?r cycle = M+1) x 2
Bas‘ic phas‘e U outRut width = M+1-i)x2
Basic‘ phase‘V outp‘ut width = M+1-j)x2
Basic phase w output vyidth = ‘(M +1- k) x 2

N (dead-time value) X

Phase U output width=(M +1-i)x2-N
} Phase U output width = (M + 1 —i) x2 + N
Ph?sgv ou‘tput width=(M+1-j)x2-N
| Phase V output width = (M +1-j)x2+N
~— Phase ‘ ou‘tpu‘t widt‘h =(M+1-k)x2-N
Phase W output width=(M + 1 -k) x2 + N

T Ti—»‘ Dead-time width = N

Set the value “M” of the TQ1CCRO register in a range of 0002H < M < FFFEH in the 6-phase
PWM output mode.

Only a value of up to “M + 1” can be set to the TQ1CCR1, TQ1CCR2, and TQ1CCR3
registers.

The output is 100% if “0000H” is set to the TQ1CCR1, TQ1CCR2, and TQ1CCR3 registers.
The output is 0% if “M + 1” is set to the TQ1CCR1,TQ1CCR2, and TQ1CCR3 registers.

The output (duty 50%) rises at the crest (M + 1) of the 16-bit counter and falls at the valley
(0000H) if “M + 2” or higher is set to the TQ1CCR1, TQ1CCR2, and TQ1CCRS3 registers.

If the operation value of an equation (such as (M + 1 — i) x 2 — N) of the output width of
phases U, V, and W is 0 or lower, it is converged to 0 (100% output). If the operation value
is higher than “(M + 1) x 2”, it is converged to (M + 1) x 2 (0% output).
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Interrupt requests

Two types of interrupt requests are available: the INTTQ1CCO (crest interrupt) signal and INTTQ1QV (valley
interrupt) signal.

The INTTQ1CCO and INTTQ10QV signals can be culled by using the TQ1OPT1 register.

For details of culling interrupts, see 9.4.3 Interrupt culling function.

¢ INTTQ1CCO (crest interrupt) signal: Interrupt signal indicating match between the value of the 16-bit counter
that counts up and the value of the TQ1CCRO register

¢ INTTQ10OV (valley interrupt) signal: Interrupt signal indicating match between the value of the 16-bit counter
that counts down and the value 0001H

Rewriting registers during timer operation
The following registers have a buffer register and can be rewritten in the anytime rewrite mode, batch rewrite
mode, or intermittent batch rewrite mode.

Related Unit Register

Timer P1 TMP1 capture/compare register 0 (TP1CCRO)
TMP1 capture/compare register 1 (TP1CCR1)

Timer Q1 TMQ1 capture/compare register 0 (TQ1CCRO
TMQT1 capture/compare register 1 (TQ1CCR1
TMQ1 capture/compare register 2 (TQ1CCR2
TMQ1 capture/compare register 3 (TQ1CCR3

L ===

Timer Q1 option TMQ1 option register 1 (TQ10PT1)

For details of the transfer function of the compare register, see 9.4.4 Operation to rewrite register with
transfer function.

Counting-up/down operation of 16-bit counter
The operation status of the 16-bit counter can be checked by using the TQ1CUF bit of TMQ1 option register 0
(TQ10PTO).

Status of TQ1CUF Bit Status of 16-Bit Counter Range of 16-Bit Counter Value
TQ1CUF bit=0 Counting up 0000H — m
TQ1CUF bit =1 Counting down (m+ 1) — 0001H

Remark m = Set value of TQ1CCRO register
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Figure 9-7. Interrupt and Up/Down Flag
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9.4.2 Dead-time control (generation of negative-phase wave signal)

(1) Dead-time control mechanism

In the 6-phase PWM output mode, compare registers 1 to 3 (TQ1CCR1, TQ1CCR2, and TQ1CCRS3) are used
to set the duty factor, and compare register 0 (TQ1CCRO) is used to set the cycle. By setting these four
registers and by starting the operation of TMQ, three types of PWM output waves (basic 3-phase waves) with a
variable duty factor are generated. These three PWM output waves are input to the timer Q option unit
(TMQOP1) and their inverted signal with dead-time is created to generate three sets of (six) PWM waves.

The TMQOP1 unit consists of three 10-bit counters (dead-time counters 1 to 3) that operate in synchronization
with the count clock of TMQ1, and a TMQ1 dead-time compare register (TQ1DTC) that specifies dead time. If
“a” is set to the TQ1DTC register, the dead-time value is “a@”, and interval “a” is created between a positive-
phase wave and a negative-phase wave.

Figure 9-8. PWM Output Wave with Dead Time (1)

(a) When dead time is inserted (TQ1DTC register = a)

16-bit
counter

TOQ1m signal
(internal signal)

Dead-time
counter m
TOQ1Tm
pin output

TOQ1Bm
pin output

(b) No dead time (TQ1DTC register = 000H)

16-bit
counter

TOQ1m signal
(internal signal)

Dead-time OOEOOH
counter m L
TOQ1Tm
pin output

TOQ1Bm
pin output

Remark m=1to3
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)

PWM output of 0%/100%

The VB50ES/IK1 is capable of 0% wave output and 100% wave output for PWM output.

Alow level is continuously output from TOQ1Tm pin as the 0% wave output. A high level is continuously output
from TOQ1Tm pin as the 100% wave output.

The 0% wave is output by setting the TQ1CCRm register to “M + 1” when the TQ1CCRO register = M.

The 100% wave is output by setting the TQ1CCRm register to “0000H”.

Rewriting the TQ1CCRm register is enabled while the timer is operating, and 0% wave output or 100% wave
output can be selected at the point of the crest interrupt (INTTQ1CCO) and valley interrupt (INTTQ1Q0V).

Remark m=1to3

Figure 9-9. 0% PWM Output Waveform (with Dead Time)

16-bit
counter
TQ1CCRO
0 S I B
TQ1CCR1 - -
e ) s s e
CCR1 - . -
buffer register 0000H) ! M+ 1 ! M+ 1 X !
<1> <2> <3> <4>
TOQ1T1 0% output
pin output | ~&—— 0% output —# - |
TOQ1B1 —
pin output | | | I—
Timing of forced } } { }
timer output
<1> 0% output is selected by the valley interrupt (without a match with the 16-bit counter).
The valley interrupt forcibly lowers the timer output. This produces the 0% output.
<2> 0% output is canceled by the crest interrupt (without a match with the 16-bit counter).
The crest interrupt forcibly raises the timer output. This cancels the 0% output.
<3> 0% output is selected by the crest interrupt (with a match with the 16-bit counter).
The crest interrupt forcibly raises the timer output, but lowering the timer output takes precedence when
the value of the TQ1CCRm register matches the value of the 16-bit counter. As a result, the 0% wave is
output.
<4> 0% output is canceled by the valley interrupt (without a match with the 16-bit counter).
The valley interrupt forcibly lowers the timer output. This cancels the 0% output.
Remark } means forced raising and ¥ means forced lowering.
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Figure 9-10. 100% PWM Output Waveform (with Dead Time)

<1>

<2>

<3>

<4>

16-bit
counter

TQ1CCRO
register

TQ1CCR1
register

CCR1
buffer register

TOQ1T1
pin output
TOQ1B1
pin output

Timing of forced
timer output

X 0000H X i X 0000H X
| | | 1 [ [ | | |
0000H) i 0000H i 0000H )‘(
<1> <2> <3> <4>
100% 100%
output output

100% output is selected by the valley interrupt (with a match with the 16-bit counter).

The valley interrupt forcibly lowers the timer output, but raising the timer output takes precedence when
the value of the TQ1CCRm register matches the value of the 16-bit counter. As a result, the 100% output

is produced.

100% output is canceled by the valley interrupt (without a match with the 16-bit counter).

The valley interrupt forcibly lowers the timer output. This cancels the 100% output.

100% output is selected by the crest interrupt (without a match with the 16-bit counter).

The crest interrupt forcibly raises the timer output. This produces the 100% output.

100% output is canceled by the crest interrupt (without a match with the 16-bit counter).

The crest interrupt forcibly raises the timer output. This cancels the 100% output.

Remark * means forced raising and ¥ means forced lowering.
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Figure 9-11. PWM Output Waveform from 0% to 100% and from 100% to 0% (with Dead Time)

16-bit
counter

TQ1CCRO X
register

\ \ \ \ \ \ \ \ \ \ \
T X_0000H X Wi+ 1 X__0000H X M1 Y 3000r

buffer reaeror N00R__0000H M= 1 0000H M+ 1 0000H

<1> <1>0% <2> <2> ‘ ‘ <1>

TOQ1T1 output . 0% output -

o e -
TOQ1B1

pin output |

Timng o fred * i | ‘ *

M

<1> The valley interrupt selects 100% «— 0% or 0% «—— 100% output.

Output can be selected from 100% «<— 0% or 0% «— 100% immediately after the timer has been
started.

<2> The crest interrupt selects 100% «—— 0% output.
The crest interrupt selects 100% — 0% output by using the timer output forced raising function and by a
match between the 16-bit counter value and the TQ1CCRO register value.

(3) Output waveform in vicinity of 0% and 100% output
If an interrupt is generated because the value of the 16-bit counter matches the value of the compare register
while dead time is being counted, the dead-time counter is cleared and starts its count operation again.
The output waveform of dead-time control in the vicinity of 0% and 100% output is shown below.
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Figure 9-12. PWM Output Waveform with Dead Time (2)

(a) 0% output (TQ1CCRm register = M + 1, TQ1CCRO register = M, TQ1DTC register = a)

16-bit
counter / \ / \ / \
0000H
TOQ1m signal L
(internal signal)
Dead-time 000H (dead-time counter m does not count.)
counter m
TOQ1Tm L
pin output
TOQ1Bm
pin output H

(b) In vicinity of 0% output (TQ1CCRm register =i > M + 1 — a/2, TQ1CCRO register = M, TQ1DTC register = a)

16-bit
counter
0000H

TOQ1m signal
(internal signal)

/
)\
/

Dead-time

counter m QQ0OH

Y
1
T
U

\

TOQ1Tm
pin output

Dead-time counter is ¢

leared and counts again.

TOQ1Bm

pin output

L

N

L

Negative-phase output width: (M + 1 -i) x2 +a
(e.g., output width is 2 + a where TQ1CCRm register = M.)

(c) In vicinity of 100% output (TQ1CCRm register = i < a/2, TQ1CCRO register = M, TQ1DTC register = a)

16-bit
counter

0000H

TOQ1m signal
(internal signal)
Dead-time

counterm oooH

P
L

T~

|

P N
’ /l/‘/l
4

TOQ1Tm

i
\

pin output

TOQ1Bm
pin output

o

Counter is cleared and counts again.

Positive-phase output width: (

I
M+1-i)x2-a

(e.g., output width is 2 — a where TQ1CCRm register = 0001H.)

(d) 100% output (TQ1CCRm register = 0000H, TQ1CCRO register = M, TQ1DTC register = a)

16-bit
counter

0000H

TOQ1m signal
(internal signal)

Dead-time
counter m

000H (dead-time counter m does not count.)

TOQ1Tm

pin output

TOQ1Bm
pin output

Remark m=1t03

User’'s Manual U16910EJ4V1UD

387



CHAPTER 9 MOTOR CONTROL FUNCTION

(4) Automatic dead-time width narrowing function (TQ1OPT2.TQ1DTM bit = 1)

The dead-time width can be automatically narrowed in the vicinity of 0% output or 100% output by setting the
TQ1OPT2.TQ1DTM bit to 1.

By setting the TQ1DTM bit to 1, the dead-time counter is not cleared, but starts counting down if the TOQ1m
(internal signal) output of timer Q changes during dead-time counting.
The following timing chart shows the operation of the dead-time counter when the TQ1DTM bit is set to 1.

Figure 9-13. Operation of Dead-Time Counter m (1)

(a) In vicinity of 0% output (TQ1CCRm register =i>M + 1 — a/2, TQ1CCRO register = M, TQ1DTC register = a)

16-bit
counter /\/\/\
0000H

TOQ1m signal —l |__| |——|
(internal signal)

Dead-time RPN

counter m o4 ." ". //\ //\

TOQ1Tm T "~ Dead-time counter m starts counting down.

pin output

TOQ1Bm

pin output I_ | | |

Negative-phase wave output width: (M + 1 —i) x 4

(e.g., output width is 4 where TQ1CCRm = M).

(b) In vicinity of 100% output (TQ1CCRm register = i < a/2, TQ1CCRO register = M, TQ1DTC register = a)
16-bit
counter

oo L | T~ | T~ — | T~

TOQ1m signal
(internal signal) J J

L

Dead-time

counter m 000H

d

N

N

TOQ1Tm
pin output

_———

TOQ1Bm ——l

pin output

Dead-time counter m starts counting down.

Note

Positive-phase wave output width: (M + 1 —i) x 2 — (i x 2)
(e.g., output width is M x 2 — 2 where TQ1CCRm = 0001H.)

Note The output width of the first wave differs from that of the second and subsequent waves immediately

after the TQ1CTLO.TQ1CE bit has been set. The first wave is shorter than the second wave because
the dead time is fully counted.

Remark m=1to3
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(5) Dead-time control in case of incorrect setting
Usually, the TOQ1m (internal signal) output of TMQ1 changes only once during dead-time counting, only in the
vicinity of 0% and 100% output. This section shows an example where the TQ1CCRO register (carrier cycle)
and TQ1DTC register (dead-time value) are incorrectly set. If these registers are incorrectly set, the TOQ1m
(internal signal) output of TMQ1 changes more than once during dead-time counting. The following flowchart
shows the 6-phase PWM output wave in this case.

Figure 9-14. Operation of Dead-Time Counter m (2)

(a) When TQ1OPT2.TQ1DTM bit = 0, TQ1CCRO register = 0006H, TQ1DTC register = 000FH,
TQ1CCRm register = 0004H

cortor //\\ / \/
|,

TOQ1m signal
(internal signal)

Dead-time
counter m 000H 001H 004H 008H{009H 008 0ODHK00E 000H 001H

TOQ1Tm
pin output

TOQ1Bm ’__|
pin output

Counter is not cleared but continues counting.

Counter cleared

(b) When TQ10OPT2.TQ1DTM bit = 1, TQ1CCRO register = 0006H, TQ1DTC register = 000FH,
TQ1CCRm register = 0002H

16-bit
counter | / \\ / \/

TOQ1m signal r

(internal signal)

Dead-time
H 8H, 0 8H, H 1H

TOQ1Tm
pin output
TOQ1Bm | |_
pin output
gct:\l,;t: counting Output does not change

and dead-time counter m
continues counting down.

Remark m=1t0o3
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9.4.3

390

Interrupt culling function

The interrupts to be culled are INTTQ1CCO (crest interrupt) and INTTQ10V (valley interrupt).

The TQ1OPT1.TQ1ICE bit is used to enable output of the INTTQ1CCO interrupt and the number of times the
interrupt is to be culled.

The TQ1OPT1.TQ1IOE bit is used to enable output of the INTTQ1QV interrupt and the number of times the
interrupt is to be culled.

The TQ1OPT1.TQ1ID4 to TQ1OPT1.TQ1IDO bits are used to specify the number of times for which an interrupt,
subject to counting of culling, is counted.

The interrupt is masked for the specified culling count and the masked interrupt occurs at the next occurrence
timing.

The TQ1RDE bit of TQ1OPT2 is used to specify whether transfer is to be culled.

If it is specified that transfer is to be culled, transfer is executed at the same timing as the interrupt output after
culling. If it is specified that transfer is not to be culled, transfer is executed at the transfer timing after the
TQ1CCR1 register has been written.

The TQ1OPTO.TQ1CMS bit is used to specify whether the registers with a transfer function are batch rewritten or
anytime rewritten.

The values of the registers are updated in synchronization with transferring when the TQ1CMS bit is 0. When the
TQ1CMS bit is 1, the values of the registers are immediately updated when a new value is written to the
registers.

Transfer is performed from the TQ1CCRm register to the CCRm buffer register in synchronization with interrupt
culling timing.

Cautions 1. When using the interrupt culling function in the batch rewrite mode (transfer mode),

execute the function in the intermittent batch rewrite mode (transfer culling mode).
2. Aninterrupt is generated at the timing after culling.
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(1) Interrupt culling operation

Figure 9-15. Interrupt Culling Operation When TQ1OPT1.TQ1ICE Bit = 1, TQ1OPT1.TQ1IOE Bit =1,
TQ10PT2.TQ1RDE Bit = 1 (Crest/Valley Interrupt Output)

16-bit
counter

[ TQ10PT1.TQ1ID4 to TQ10OPT1.TQ1IDO bits = 00000 (not culled) |

INTTQ1CCO signal
INTTQ10V signal

| TQ10OPT1.TQ1ID4 to TQ1OPT1.TQ1IDO bits = 00001 (1 mask) |

INTTQ1CCO signal : :
INTTQ10V signal

|TQ1OPT1 .TQ1ID4 to TQ1OPT1.TQ1IDO bits = 00010 (2 masks) |

INTTQ1CCO signal : : :
INTTQ10V signal i H H :

[ TQ10PT1.7Q11D4 to TQ10PT1.TQ1IDO bits = 00011 (3 masks) |

INTTQ1CCO signal ! !
INTTQ10V signal P P P

| TQ10PT1.TQ1ID4 to TQ1OPT1.TQ1IDO bits = 00100 (4 masks) |

INTTQ1CCO signal : : : :

INTTQ10V signal . . . .

| TQ1OPT1.TQ1ID4 to TQ1OPT1.TQ1IDO bits = 00101 (5 masks) |

INTTQ1CCO signal ' ' ' ' '
INTTQ10V signal [ [ [ [

TQ1OPT1.TQ1ID4 to TQ1OPT1.TQ1IDO bits = 00110 (6 masks) |

INTTQ1CCO signal ! ! ! !

INTTQ10V signal : : : : :

Remark | : Culled interrupt
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Figure 9-16. Interrupt Culling Operation When TQ1OPT1.TQ1ICE Bit = 1,TQ1OPT1.TQ1IOE Bit = 0,
TQ10PT2.TQ1RDE Bit = 1 (Crest Interrupt Output)

16-bit
counter

TQ1OPT1.TQ1ID4 to TQ1OPT1.TQ1IDO bits = 00000 (not culled) |

INTTQ1CCO signal
INTTQ1QV signal

IlQ1OPT1 .TQ1ID4 to TQ1OPT1.TQ1IDO bits = 00001 (1 mask)

INTTQ1CCO signal ! !
INTTQ1QV signal

| TQ1OPT1.TQ1ID4 to TQ1OPT1.TQ1IDO bits = 00010 (2 masks)

INTTQ1CCO signal : FL re
INTTQ1QV signal

TQ1OPT1.TQ1ID4 to TQ1OPT1.TQ1IDO bits = 00011 (3 masks) |

INTTQ1CCO signal : : : :
INTTQ1QV signal

TQ1OPT1.TQ1ID4 to TQ1OPT1.TQ1IDO bits = 00100 (4 masks)

INTTQ1CCO signal : : :
INTTQ1QV signal

Remark | !: Culled interrupt
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Figure 9-17. Interrupt Culling Operation When TQ1OPT1.TQ1ICE Bit = 0, TQ1OPT1.TQ1IOE Bit =1,
TQ10PT2.TQ1RDE Bit = 1 (Valley Interrupt Output)

16-bit
counter

[TQ10PT1.TQ11D4 to TQ1OPT1.TQ1IDO bits = 00000 (not culled) |

INTTQ1CCO signal
INTTQ10V signal 1 1 1 1

|TQ1 OPT1.TQ1ID4 to TQ1OPT1.TQ1IDO bits = 00001 (1 mask)

INTTQ1CCO signal
INTTQ10V signal re 1 Fe M ke

|TQ1 OPT1.TQ1ID4 to TQ1OPT1.TQ1IDO bits = 00010 (2 masks) |

INTTQ1CCO signal
INTTQ10V signal i Fe M ke Lo

| TQ10PT1.TQ1ID4 to TQTOPT1.TQ1IDO bits = 00011 (3 masks) |

INTTQ1CCO signal
INTTQ10V signal {5 {5 {5 ] {5

|TQ1 OPT1.TQ1ID4 to TQ1OPT1.TQ1IDO bits = 00100 (4 masks) |

INTTQ1CCO signal
INTTQ10V signal K K K B I

Remark | : Culled interrupt
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(2) To alternately output crest interrupt (INTTQ1CCO) and valley interrupt (INTTQ10V)
To alternately output the crest and valley interrupts, set both the TQ1OPT1.TQ1ICE and TQ1OPT1.TQ1I0E
bits to 1.

Figure 9-18. Crest/Valley Interrupt Output

(a) TQ1OPTO0.TQ1CMS bit = 0, TQ1OPT2.TQ1RDE bit = 1 (with transfer culling control)

16-bit
counter

INTTQ1CCO
signal H
INTTQ10V -
signal

—1
—1

TQ11D4 to TQ1IDO bits 00010 00100

><

) Transfer

TQ11D4 to TQ1IDO bits
(slave bit)

A

00010 00100

T T = B

Timing of rewriting transfer
culling count from 2 to 4

Remarks 1. Transfer is performed at the culled interrupt output timing. The other transfer timing is ignored.
2. | Culled interrupt

(b) TQ1CMS bit = 1, TQ1RDE bit = 0 or 1 (without transfer control)

16-bit :
counter f

INTTQ1CCO -
signal H

INTTQ10V -

signal

TQ11D4 to TQ1IDO bits 00010 00100

) . ) Reflected immediately
TQ11D4 to TQ1IDO bits 00010 D 00100

(slave bit) 1

Timing of rewriting transfer
culling count from 2 to 4

Remarks 1. Reuwriting is reflected immediately. The transfer timing is ignored.
2. | Culled interrupt
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(3) To output only crest interrupt (INTTQ1CCO0)
Set the TQ1OPT1.TQ1ICE bit to 1 and clear the TQ1OPT1.TQ1IOE bit to 0.

Figure 9-19. Crest Interrupt Output

(a) TQ1OPTO0.TQ1CMS bit = 0, TQ1OPT2.TQ1RDE bit = 1 (with transfer culling control)

16-bit '
counter !

INTTQ1CCO -

signal " " ﬂ :: i i ﬂ ':
INTTQ10V 5
signal L .
TQ11D4 to TQ1IDO bits 00010 X 00011
. 1 ) Transfer
TQ1ID4 to TQ1IDO bits 00010 NG R

(slave bit)
Timing of rewriting transfer
culling count from 2 to 3

Remarks 1. Transfer is performed at the culled interrupt output timing. The other transfer timing is ignored.
2. |1 Culled interrupt

(b) TQ1CMS bit = 1, TQ1RDE bit = 0 or 1 (without transfer control)

16-bit :
counter '

INTTQ1CCO - - - " " -
signal H HH I-I "E H M M Il
INTTQ10V .
signal L ;
TQ1ID4 to TQ1IDO bits 00010 b 00011
. i) Reflected immediately

(slave bit) f
Timing of rewriting transfer
culling count from 2 to 3

Remarks 1. Rewriting is reflected immediately. The transfer timing is ignored.
2. |t Culled interrupt
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(4) To output only valley interrupt (INTTQ10V)
Clear the TQ1OPT1.TQ1ICE bit to 0 and set the TQ1IOE bit to 1.

Figure 9-20. Valley Interrupt Output

(a) TQ1OPTO0.TQ1CMS bit = 0, TQ1OPT2.TQ1RDE bit = 1 (with transfer culling control)

16-bit
counter

INTTQ1CCO
signal
INTTQ10V -
signal

-

=
—1

00011
) Transfer

TQ11D4 to TQ1IDO bits 00010 X

TQ11D4 to TQ1IDO bits
(slave bit)

00011

S

00010

Timing of rewriting transfer
culling count from 2 to 3

Remarks 1. Transfer is performed at the culled interrupt output timing. The other transfer timing is ignored.
2. | Culled interrupt

(b) TQ1CMS bit = 1, TQ1RDE bit = 0 or 1 (without transfer control)

16-bit !
counter )

INTTQ1CCO
signal L
INTTQ10V
signal HH HH ﬂ

—1

TQ1ID4 to TQ1IDO bits 00010 X 00011
) Reflected immediately
00011

TQ11D4 to TQ1IDO bits \/7
(slave bit) 00010 X

Timing of rewriting transfer
culling count from 2 to 3

Remarks 1. Reuwriting is reflected immediately. The transfer timing is ignored.
2. |1: Culled interrupt
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9.4.4 Operation to rewrite register with transfer function
The following seven registers are provided with a transfer function and used to control a motor. Each of registers
has a buffer register.

¢ TQ1CCRO: Register that specifies the cycle of the 16-bit counter (TMQ)

» TQ1CCR1: Register that specifies the duty factor of TOQ1T1 (U) and TOQ1B1 (U)

« TQ1CCR2: Register that specifies the duty factor of TOQ1T2 (V) and TOQ1B2 (V)

o TQ1CCRS3: Register that specifies the duty factor of TOQ1T3 (W) and TOQ1B3 (W)

o TQ1OPT1: Register that specifies the culling of interrupts

e TP1CCRO: Register that specifies the A/D conversion start trigger generation timing (TMP1 during tuning
operation)

e TP1CCR1: Register that specifies the A/D conversion start trigger generation timing (TMP1 during tuning
operation)

The following three rewrite modes are provided in the registers with a transfer function.

¢ Anytime rewrite mode
This mode is set by setting the TQ1OPTO0.TQ1CMS bit to 1. The setting of the TQ1OPT2.TQ1RDE bit is ignored.
In this mode, each compare register is updated independently, and the value of the compare register is updated
as soon as a new value is written to it.

e Batch rewrite mode (transfer mode)
This mode is set by clearing the TQ1CMS bit of TQ1OPTO to 0, the TQ1OPT1.TQ1ID4 to TQ1OPT1.TQ1IDO bits
to 00000, and the TQ1OPT2.TQ1RDE bit to 0. When data is written to the TQ1CCR1 register, the seven
registers are transferred to the buffer register all at once at the next transfer timing. Unless the TQ1CCR1
register is rewritten, the transfer operation is not performed even if the other six registers are rewritten.
The transfer timing is the timing of each crest (match between the 16-bit counter value and TQ1CCRO register
value) and valley (match between the 16-bit counter value and 0001H) regardless of the interrupt.

¢ Intermittent batch rewrite mode (transfer culling mode)
This mode is set by clearing the TQ1OPT0.TQ1CMS bit to 0 and setting the TQ1OPT2.TQ1RDE bit to 1.
When data is written to the TQ1CCR1 register, the seven registers are transferred to the buffer register all at
once at the next transfer timing. Unless the TQ1CCR1 register is rewritten, the transfer operation is not
performed even if the other six registers are rewritten.
If interrupt culling is specified by the TQ1OPT1 register, the transfer timing is also culled as the interrupts are
culled, and the seven registers are transferred all at once at the culled timing of crest interrupt (match between
the 16-bit counter value and TQ1CCRO register value) or valley interrupt (match between the 16-bit counter value
and 0001H).
For details of the interrupt culling function, see 9.4.3 Interrupt culling function.
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(1) Anytime rewrite mode

This mode is set by setting the TQ1OPT0.TQ1CMS bit to 1. The setting of the TQ1TOPT2.TQ1RDE bit is
ignored.

In this mode, the value written to each register with a transfer function is immediately transferred to an internal
buffer register and compared with the count value. If a register with transfer function is rewritten in this mode
after the count value of the 16-bit counter matches the value of the TQ1CCRm register, the rewritten value is
not reflected because the next match is ignored after the first match has occurred. If the register is rewritten
during counting up, the new register value becomes valid after the counter has started counting down.

Figure 9-21. Timing of Reflecting Rewritten Value

Operating clock
(fxx)

TQ1CCRO b
register Xa

CCRO buffer
register

Note

Note After the register (TQ1CCRO, TQ1CCR2, TQ1CCRS3, TQ10PT1, TP1CCRO, or TP1CCR1) has been
written, the written value is transferred to an internal buffer register after four clocks of the operating
clock. However, the value of only the TQ1CCR1 register is transferred after 5 more clocks.

(a) Rewriting TQ1CCRO register
Even if the TQ1CCRO register is rewritten in the anytime rewrite mode, the new value may not be reflected
in some cases.

Figure 9-22. Example of Rewriting TQ1CCRO Register

16-bit
counter

‘ <1> ‘ <2> ‘ <1> ‘ <2> ‘

Rewriting during period <1> (rewriting during counting up)
If the newly rewritten value is greater than the value of the 16-bit counter, there is no problem because it will
match the value of the 16-bit counter. If the new value is less than the value of the 16-bit counter, it will not
match the value of the counter. As a result, the 16-bit counter overflows and continues counting up from
0000H until it matches the register value again, and the correct PWM waveform is not output.

Rewriting during period <2> (rewriting during counting down)
A match with the value of the 16-bit counter is ignored during counting down. Therefore, the rewritten period
value is reflected starting from counting up in the next cycle as a match point.
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(b) Rewriting TQ1CCRm register
Figure 9-24 shows the timing of rewriting before the value of the 16-bit counter matches the value of the

TQ1CCRm register (<1> in Figure 9-23), and Figure 9-25 shows the timing of rewriting after the value of
the 16-bit counter matches the value of the TQ1CCRm register (<2> in Figure 9-23).

Figure 9-23. Basic Operation of 16-Bit Counter and TQ1CCRm Register

(a) Basic figure

16-bit
counter

TQ1CCRm X
register

Remarks 1. i= Set value of TQ1CCRm register
2. m=1t03
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Figure 9-24. Example of Rewriting TQ1CCR1 to TQ1CCR3 Registers (Rewriting Before Match Occurs)

(a)
If the TQ1CCRm register is rewritten before its value matches the value of the 16-bit counter, the register value
will match the value of the 16-bit counter after the register has been rewritten. Consequently, the new register
value is immediately reflected.

16-bit i
counter

TQ1CCRm :
register X k

CCRm buffer ;
i k
register :>< X
TOQ1Tm
pin output

(b)
If a value less than the value of the 16-bit counter (greater if the counter is counting down) is written to the
TQ1CCRm register, the output waveform is as follows because the register value does not match the counter
value.

16-bit i r r r
counter

TQ1CCRm
register X

CCRm buffer -
register :> ! X r
TOQ1Tm
pin output

If the register value does not match the counter value, the TOQ1Tm pin output does not change. Even if the
value of the 16-bit counter does not match the value of the TQ1CCRm register, the TOQ1Tm pin output always
changes to the high level if the crest interrupt occurs and to the low level if the valley interrupt occurs.

This is a function provided for 0% output and 100% output.

For details, see 9.4.2 (2) PWM output of 0%/100%.

Remarks 1. i, r, k = Set values of TQ1CCRm register
2. m=1t03
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Figure 9-25. Example of Rewriting TQ1CCR1 to TQ1CCR3 Registers (Rewriting After Match Occurs)

<1>

<2>

<3>

16-bit
counter

TQ1CCRm
register

CCRm buffer
register
TOQ1Tm

pin output ‘

INTTQ1CCm
signal 3

Matching of the count value of the 16-bit counter and the value of the TQ1CCRm register as a result of
rewriting the register is ignored after a match signal has been generated, and the PWM output does not
change.

Even if the PWM output does not change, the interrupt generated upon a match between the 16-bit
counter value and the TQ1CCRm register value (INTTQ1CCm) is output.

The next match between the 16-bit counter and TQ1CCRm register is valid after the counter has changed
its counting direction to up or down, and the PWM output changes.

If the TQ1CCRm register is rewritten after its value matches the value of the 16-bit counter, the next match is
ignored after the first match occurs and the rewritten value is not reflected to the TOQ1Tm pin output. If the
register is rewritten while the counter is counting down, the match that occurs after the counter starts counting
down is valid (the match that occurs after the counter has started counting up is valid if the register is rewritten
while the counter is counting up).

Remarks 1. i, r, k = Set value of TQ1CCRm register

2. m=1t03

(c) Rewriting TQ10PT1 register

The interrupt culling counter is cleared when the TQ1OPT1 register is written. When the interrupt culling
counter has been cleared, the measured number of times the interrupt has occurred is discarded.
Consequently, the interrupt generation interval is temporarily extended.

To avoid this operation, rewrite the TQ1OPT1 register in the intermittent batch rewrite mode (transfer
culling mode).

For details of rewriting the TQ10PT1 register, see 9.4.3 Interrupt culling function.
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(2) Batch rewrite mode (transfer mode)

402

This mode is set by clearing the TQ1OPT0.TQ1CMS bit to 0, the TQ1OPT1.TQ1ID4 to TQ1OPT1.TQ1IDO0 bits
to 00000, and the TQ1OPT2.TQ1RDE bit to 0.

In this mode, the values written to each compare register are transferred to the internal buffer register all at
once at the transfer timing and compared with the count value.

(a) Rewriting procedure
If data is written to the TQ1CCR1 register, the values set to the TQ1ICCRO to TQ1CCR3, TQ10PT1,
TP1CCRO, and TP1CCR1 registers are transferred all at once to the internal buffer register at the next
transfer timing. Therefore, write to the TQ1CCR1 register last. Writing to the register is prohibited after the
TQ1CCR1 register has been written and before the transfer timing is generated (until the crest (match
between the 16-bit counter value and TQ1CCRO register value) or the valley (match between the 16-bit
counter value and 0001H)). The operation procedure is as follows.

<1> Rewriting the TQ1CCRO0, TQ1CCR2, TQ1CCR3, TQ10PT1, TP1CCRO, and TP1CCR1 registers
Do not rewrite registers that do not have to be rewritten.
<2> Rewriting the TQ1CCR1 register
Rewrite the same value to the register even when it is not necessary to rewrite the TQ1CCR1
register.
<3> Holding the next rewriting pending until the transfer timing is generated
Rewrite the register next time after the INTTQ10V or INTTQ1CCO interrupt has occurred.
<4> Return to <1>.
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Figure 9-26. Basic Operation in Batch Mode

16-bit counter
(T™MQ1)

Transfer
timing
TQ1CCRO
register
CCRO buffer
register
TQ1CCR1
register
CCR1 buffer
register
TQ1CCR2
register
CCR2 buffer
register
TQ1CCR3
register
CCRS3 buffer
register
TQ10PTH
register
OPT1 buffer
register

INTTQ10OV signal
INTTQ1CCO signal

16-bit counter
(TMP1)
Transfer
timing
TP1CCRO
register
CCRO buffer
register
TP1CCR1
register
CCR1 buffer
register

[Operation of TMQ1]

<Q1> Write the TQ1CCR1 register
<Q2> The target timing is the first transfer timing after a write to the TQ1CCR1 register.

/\
<Q2>
-
7 <Q3>
I I — "
] ] T L
<Q1>&<P1>X <Q3>
I I I ¥
X <Q3>
I I I T "
I \ I \1
X [ <Q3>
I I I i T
‘ T
— — o
T

f

|

|
BRI

<Q3> The values are transferred all at once at the transfer timing.

[Operation of TMP1]

<P1> Write the TQ1CCR1 register
<P2> The target timing is the first transfer timing after a write to the TQ1CCR1 register.

<P3> The values are transferred all at once at the transfer timing.
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(b) Rewriting TQ1CCRO register

When rewriting the TQ1CCRO register in the batch rewrite mode, the output waveform differs depending
on whether transfer occurs at the crest (match between the 16-bit counter value and TQ1CCRO register
value) or at the valley (match between the 16-bit counter value and 0001H). Usually, it is recommended to
rewrite the TQ1CCRO register while the 16-bit counter is counting down, and transfer the register value at
the transfer timing of the valley timing.

Figure 9-28 shows an example of rewriting the TQ1CCRO register while the 16-bit counter is counting up
(during period <1> in Figure 9-27). Figure 9-29 shows an example of rewriting the TQ1CCRO register
while the counter is counting down (during period <2> in Figure 9-27).

Figure 9-27. Basic Operation of 16-Bit Counter

16-bit
counter

<1> <2> <1> <2>

404

The transfer timing in Figure 9-28 is at the point where the crest timing occurs. While the 16-bit counter is
counting down, the cycle changes and an asymmetrical triangular wave is output. Because the cycle
changes, rewrite the duty factor (voltage data value).
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Figure 9-28. Example of Rewriting TQ1CCRO Register (During Counting Up)

(@) M>N

16-bit i
counter I/‘N+1 k k k k N+1

Transfer
timing
TQ1CCRO
register
CCRO buffer Yfgoq
register
TQ1CCR1
register
CCR1 buffer
register
TOQ1T1 |
pin output ———————
INTTQ1CCO
signal

INTTQ10V
signal

>
=

><
z

0ME
U

(b) M<N

N+ 1

el /) \k k /

N+1

16-bit

Transfer
timing
TQ1CCRO
register
CCRO buffer
register
TQ1CCR1
register

CCRH1 buffer
register

TOQ1T1

pin output
INTTQ1CCO
signal

INTTQ10V “
signal

>
=

><
z

bigle
g

Remarks 1. If transfer (match between the value of the 16-bit counter and the value of the CCRO buffer
register) occurs in the 6-phase PWM output mode, the value of the TQ1CCRO register plus 1 is
loaded to the 16-bit counter. In this way, the expected wave can be output even if the cycle value
is changed at the transfer timing of the crest (match between the 16-bit counter value and the
TQ1CCRO register value) timing.

2. M: Value of CCRO buffer register before rewriting
N: Value of CCRO buffer register after rewriting
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Figure 9-29. Example of Rewriting TQ1CCRO Register (During Counting Down)

M +1
16-bit |/\| N +

counter k k k
/ \/ /\\/ LT

/=

Transfer
timing
TQ1CCRO
register
CCRO buffer ‘
register
TQ1CCR1
register
CCR1 buffer
register @

TOQ1TH

pin output
INTTQ1CCO
signal

INTTQ10V
signal

>
=
S><
| =

ju

~

Because the next transfer timing is at the point of the valley (match between the 16-bit counter value and
0001H), the cycle value changes from the next cycle and output of a symmetrical triangular wave is
maintained. Because the cycle changes, rewrite the duty value (voltage data value) as required.
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(c) Rewriting TQ1CCRm register

Figure 9-30. Example of Rewriting TQ1CCRm Register

16-bit
counter

Transfer
timing

TQ1CCRm
register

CCRm buffer
register

TOQ1Tm
pin output

INTTQ1CCm
signal

Rewriting during period <1> (rewriting during counting up)
Because the TQ1CCRm register value is transferred at the transfer timing of the crest (match between the 16-

/ r| -
/ S / \
I~
X ‘ A r
©0000H) i k
<1> <2> <1> <2>

bit counter value and TQ1CCRO register value), an asymmetrical triangular wave is output.

Rewriting during period <2> (rewriting during counting down)
Because the TQ1CCRm register value is transferred at the transfer timing of the valley (match between the

16-bit counter value and 0001H), a symmetrical triangular wave is output.

Remark m=1to3

(d) Transferring TQ10OPT1 register value

Do not set the TQ1OPT1.TQ1ID4 to TQ1OPT1.TQ1IDO bits to other than 00000B. When using the
interrupt culling function, rewrite the TQ1OPT1 register in the intermittent batch rewrite mode (transfer

culling mode).

For details of rewriting the TQ1OPT1 register, see 9.4.3 Interrupt culling function.
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(3) Intermittent batch rewrite mode (transfer culling mode)

408

This mode is set by clearing the TQ1OPTO0.TQ1CMS bit to 0 and setting the TQ1OPT2.TQ1RDE bit to 1.

In this mode, the values written to each compare register are transferred to the internal buffer register all at
once at the culled transfer timing and compared with the count value. The transfer timing is the timing at which
an interrupt is generated (INTTQ1CCO, INTTQ10QV) by interrupt culling.

For details of the interrupt culling function, see 9.4.3 Interrupt culling function.

(a) Rewriting procedure
If data is written to the TQ1CCR1 register, the TQ1ICCR0O to TQ1CCR3, TQ10PT1, TP1CCRO, and
TP1CCR1 registers are transferred all at once to the internal buffer register at the next transfer timing.
Therefore, write to the TQ1CCR1 register last. Writing to the register is prohibited after the TQ1CCR1
register has been written until the transfer timing is generated (until the INTTQ10OV or INTTQ1CCO
interrupt occurs). The operation procedure is as follows.

<1> Rewrite the TQ1CCRO0, TQ1CCR2, TQ1CCR3, TQ10PT1, TP1CCRO, and TP1CCR1 registers.
Do not rewrite registers that do not have to be rewritten.
<2> Rewrite the TQ1CCR1 register.
Rewrite the same value to the register even when it is not necessary to rewrite the TQ1CCR1
register.
<3> Hold the next rewriting pending until the transfer timing is generated.
Perform the next rewrite after the INTTQ10OV or INTTQ1CCO interrupt has occurred.
<4> Returnto <1>.
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Figure 9-31. Basic Operation in Intermittent Batch Rewrite Mode

16-bit counter

(TMQ1) //Y\\//Y\\
Transfer <Q4> <Q2> <Q4>
timing ; ‘
TQ1 C(.:RO X <Q3>
register \ I I I T I I I I
CCRO buffer X v
register

\ I \
TQ1CCR1 <Q3=
registor <Q1>&<P1> X

CCRH1 buffer X '
register { —T" T
TQ1CCR2 X <Q3>
register T \ \ \ " \ \ \ \
CCR2 buffer X '
register f T T T I I I |

TQ1CCR3 X <Q3>
register

CCR8 buffer Y
register X \

TQ10PTH X | <Q3>
register T \ \ - T \ \ \ \

OPT1 buffer \ T
register \

INTTQ1QV signal

|

INTTQ1CCO signal i

16-bit counter
(TMP1) /

Transfer <P4> <P2> <P4>
timing i i

TP1CCRO X <P3>
register
CCRO buffer X '
register
TP1CCR1 X <P3>
register
CCR1 buffer X Y
register ‘ ‘ ‘ ‘

[TMQ1 operation]

<Q1> Write the TQ1CCR1 register.

<Q2> Rewrite the register at the transfer timing that is generated after the TQ1CCR1 register has been rewritten.
<Q83> The registers are transferred all at once at the transfer timing.

<Q4> The transfer timing is also culled as the interrupts are culled.

[TMP1 operation]

<P1> Write the TQ1CCR1 register.

<P2> Rewrite the register at the transfer timing that is generated after the TQ1CCR1 register has been rewritten.
<P3> The registers are transferred all at once at the transfer timing.

<P4> The transfer timing is also culled as the interrupts are culled.

Remark This is an example of the operation when the TQ1OPT1.TQ1ICE bit = 1, TQ1OPT1.TQ1IOE bit = 1,
TQ10OPT1.TQ11D4 to TQ1OPT1.TQ1IDO bits = 00001.
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(b) Rewriting TQ1CCRO register
When rewriting the TQ1CCRO register in the intermittent batch mode, the output waveform differs
depending on where the occurrence of the crest or valley interrupt is specified by the interrupt culling
setting. The following figure illustrates the change of the output waveform when interrupts are culled.

Figure 9-32. Rewriting TQ1CCRO Register (When Crest Interrupt Is Set)

16-bit i /\ i i 4N 1
counter L * K K K K

Transfer
timing

TQ1CCRO
N
register >< M X
CCRO buffer
register XOOOOH M ’< N
TQ1CCR1 -
register >< : X K

CCR1 buffer -
k
register XOOOOH : (

TOQ1T1
pin output

INTTQ1CCO
signal

INTTQ10V
signal L

The transfer timing is generated when the crest interrupt occurs, the cycle of counting up and counting down
changes, and an asymmetrical triangular wave is output.

Remarks 1. This is an example of the operation when the TQ1OPT1.TQ1ICE bit = 1, TQ1OPT1.TQ1IOE bit =
0, TQ1OPT1.TQ1ID4 to TQ1OPT1.TQ1IDO bits = 00001.
2. | Culled interrupt
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Figure 9-33. Rewriting TQ1CCRO Register (When Valley Interrupt Is Set)

16-bit
counter

Transfer
timing

TQ1CCRO
register

CCRO buffer
register

TQ1CCR1
register
CCR1 buffer
register
TOQI1T1

pin output
INTTQ1CCO
signal

INTTQ10V
signal

M+ 1

LT ]

N+1

X

>< 0000H

X

XOOOOH

The transfer timing is generated when the valley interrupt occurs, the cycle of counting up becomes same as

cycle of counting down, and a symmetrical triangular wave is output.

Remarks 1. This is an example of the operation when the TQ1OPT1.TQ1ICE bit = 0, TQ1OPT1.TQ1IOE bit =

1, TQ1OPT1.TQ1ID4 to TQ1OPT1.TQ1IDO bits = 00001.

2. | Culled interrupt
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(c) Rewriting TQ1CCR1 to TQ1CCRS3 registers

¢ Transfer at crest when crest interrupt is set
Because the register is transferred at the transfer timing of the crest interrupt, an asymmetrical triangular
wave is output.

Figure 9-34. Rewriting TQ1CCR1 Register
(TQ1OPT1.TQ1ICE bit = 1, TQ1OPT1.TQ1IOE bit = 0, TQ1OPT1.TQ1I1D4 to TQ1OPT1.TQ1IDO0 = 00001)

counter k
Transfer
timing
TQ1CCR1 .
register X k X d
CCR1 buffer
register X

TOQ1T1
pin output

INTTQ1CCO i
signal !

INTTQ10V
signal

Transfer at
crest interrupt

Remark | : Culled interrupt
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o Transfer at valley when valley interrupt is set

Because the register is transferred at the transfer timing of the valley interrupt, a symmetrical triangular
wave is output.

Figure 9-35. Rewriting TQ1CCR1 Register
(TQ1OPT1.TQ1ICE bit = 1, TQ1OPT1.TQ1IOE bit = 1,TQ10OPT1.TQ11D4 to TQ1OPT1.TQ1ID0 = 00001)

Transfer
timing

TQ1CCR1 -
register : X K X d
CCR1 buffer .
register X ! < K <E
TOQ1TH

pin output

INTTQ1CCO
signal

INTTQ10V
signal

Transfer at Transfer at
valley interrupt valley interrupt

Remark | : Culled interrupt

(d) Rewriting TQ10PT1 register
Because a new interrupt culling value is transferred when the value of the interrupt culling counter matches
the value of the 16-bit counter, the next interrupt and those that follow occur at the set interval.
For details of rewriting the TQ10PT1 register, see 9.4.3 Interrupt culling function.
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(4) Rewriting TQ1OPTO0.TQ1CMS bit
The TQ1CMS bit can select the anytime rewrite mode and batch rewrite mode. This bit can be rewritten during
timer operation (when TQ1CTLO.TQ1CE bit = 1). However, the operation and caution illustrated in Figure 9-31
are necessary.
If the TQ1CCR1 register is written when the TQ1CMS bit is cleared to 0, a transfer request signal (internal
signal) is set.
When the transfer request signal is set, the register is transferred at the next transfer timing, and the transfer
request signal is cleared. This transfer request signal is also cleared when the TQ1CMS bit is set to 1.

Figure 9-36. Rewriting TQ1CMS Bit

o] ~
counter // \\ // \\ //

Transfer
timing

TQ1CCR1 -
register X ! X k X r X s

\ \ \ | \ \ \ \
CCR1 buffer XOOOOH) -

register !
Write signal of 2 <4> > 5 6.
TQ1CCR1 1K =~ IN ﬂ? = =
Transfer | | Clear /<3> | Clear
request signal <
TQ1CMS bit [T<1> |

<1> Ifthe TQ1CCR1 register is rewritten when the TQ1CMS bit is 0, the transfer request signal is set.
If the TQ1CMS bit is set to 1 in this status, the transfer request signal is cleared.

<2> The register is not transferred because the TQ1CMS bit is set to 1 and the transfer request signal is
cleared.

<3> The transfer request signal is not set even if the TQ1CCR1 register is written when the TQ1CMS bit is 1.

<4> The transfer request signal is not set even if the TQ1CCR1 register is written when the TQ1CMS bit is 1,
so even if the TQ1CMS bit is cleared to 0, transfer does not occur at the subsequent transfer timing.

<5> The transfer request signal is set if the TQ1CCR1 register is written when the TQ1CMS bit is 0.
Transfer is performed at the subsequent transfer timing and the transfer request signal is cleared.

<6> Once transfer has been performed, the transfer request signal is cleared. Therefore, transfer is not
performed at the next transfer timing.
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9.4.5 TMP1 tuning operation for A/D conversion start trigger signal output
This section explains the tuning operation of TMP1 and TMQ1 in the 6-phase PWM output mode.
In the 6-phase PWM output mode, the tuning operation is performed with TMQ1 serving as the master and TMP1

as a slave.

The conversion start trigger signal of A/D converters 0 and 1 can be set as the A/D conversion start trigger

source by the INTTP1CCO and INTTP1CC1 signals of TMP1 and the INTTQ10V and INTTQ1CCO signals of TMQ1.

(1) Tuning operation starting procedure
The TMP1 and TMQ1 registers should be set using the following procedure to perform the tuning operation.

(@

(b)

(c)

(d)

(e)

Setting of TMP1 register (stop the operations of TMQ1 and TMP1 (by clearing the TQ1CTL0.TQ1CE

bit and TP1CTLO.TP1CE bit to 0))

e Set the TP1CTL1 register to 85H (set the tuning operation slave mode and free-running timer mode).

o Clear the TP1OPTO register to 00H (select the compare register).

e Set an appropriate value to the TP1CCRO0 and TP1CCR1 registers (set the default value for comparison
for starting the operation).

Setting of TMQ1 register

e Set the TQ1CTL1 register to 07H (set the master mode and 6-phase PWM output mode).

¢ Set an appropriate value to the TQ110CO register (set the output mode of TOQ1T1 to TOQ1T3).
However, clear the TQ10OLO bit to 0 and set the TQ1OEO bit to 1 (enable positive phase output). Unless
this setting is made, the crest interrupt (INTTQ1CCO0) and valley interrupt (INTTO10V) do not occur.
Consequently, the conversion start trigger signal of A/D converters 0 and 1 is not correctly generated.

e Clear the TQ1OPTO register to 00H (select the compare register).

e Set an appropriate value to the TQ1CCRO to TQ1CCR3 registers (set the default value for comparison
for starting the operation).

¢ Set the TQ1CTLO register to 0xH (clear the TQ1CE bit to 0 and set the operating clock of TMQT1).
The operating clock of TMQ1 set by the TQ1CTLO register is also supplied to TMP1, and the count
operation is performed at the same timing. The operating clock of TMP1 set by the TP1CTLO register is
ignored.

Setting of TMQOP1 (TMQ1 option) register

¢ Set an appropriate value to the TQ1OPT1 and TQ1OPT2 registers.

¢ Set an appropriate value to the TQ1I0CS3 register (set TOQ1B1 to TOQ1B3 in the output mode).

¢ Set an appropriate value to the TQ1DTC register (set the default value for comparison for starting the
operation).

Setting of alternate function
¢ Set the alternate function to the port by setting the port control mode.

Set the TP1CE bit to 1 and set the TQ1CE bit to 1 immediately after that to start the 6-phase PWM
output operation

Rewriting the TQ1CTLO, TQ1CTL1, TP1CTLO, and TP1CTL1 registers is prohibited during operation. The
operation and the PWM output waveform are not guaranteed if any of these registers is rewritten during
operation. However, rewriting the TQ1CTLO.TQ1CE bit to clear it is permitted. Manipulating
(reading/writing) the other TMQ1, TMP1, and TMQ1 option registers is prohibited until the
TP1CTLO.TP1CE bit is set to 1 and then the TQ1CE bit is set to 1.
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Tuning operation clearing procedure

To clear the tuning operation and exit the 6-phase PWM output mode, set the TMP1 and TMQ1 registers using
the following procedure.

<1> Clear the TQ1CTLO.TQ1CE bit to 0 and stop the timer operation.

<2> Clear the TP1CTLO.TP1CE bit to 0 so that TMP1 can be separated.

<3> Stop the timer output by using the TQ110CO register.

<4> Clear the TP1CTL1.TP1SYE bit to 0 to clear the tuning operation.

Caution Manipulating (reading/writing) the other TMQ1, TMP1, and TMQ1 option registers is prohibited
until the TQ1CE bit is set to 0 and then the TP1CE bit is set to 0.

When not tuning TMP1

When the match interrupt signal of TMP1 is not necessary as the conversion trigger source that starts A/D
converters 0 and 1, TMP1 can be used independently as a separate timer without being tuned. In this case,
the match interrupt signal of TMP1 cannot be used as a trigger source to start A/D conversion in the 6-phase
PWM output mode. Therefore, fix the TQ1OPT2.TQ1ATO0 to TQ1OPT2.TQ1AT03 bits and the
TQ1OPT3.TQ1AT10 to TQ1OPT3.TQ1AT13 bits to 0.

The other control bits can be used in the same manner as when TMP1 is tuned.

If TMP1 is not tuned, the compare registers (TP1CCRO0 and TP1CCR1) of TMP1 are not affected by the setting
of the TQ1OPT0.TQ1CMS and TQ1OPT2.TQ1RDE bit. For the initialization procedure when TMP1 is not
tuned, see (b) to (e) in 9.4.5 (1) Tuning operation starting procedure. (a) is not necessary because it is a
step used to set TMP1 for the tuning operation.

Basic operation of TMP1 during tuning operation

The 16-bit counter of TMP1 only counts up. The 16-bit counter is cleared by the set cycle value of the
TQ1CCRO register and starts counting from 0000H again. The count value of this counter is the same as the
value of the 16-bit counter of TMQ1 when it counts up. However, it is not the same when the 16-bit counter of
TMP1 counts down.

¢ When TMQ1 counts up (same value)
16-bit counter of TMQ1: 0000H — M (counting up)
16-bit counter of TMP1: 0000H — M (counting up)
¢ When TMQ1 counts down (not same value)
16-bit counter of TMQ1: M + 1 — 0001H (counting down)
16-bit counter of TMP1: 0000H — M (counting up)
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CHAPTER 9 MOTOR CONTROL FUNCTION

Figure 9-37. TMP1 During Tuning Operation
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Remark m=0,1
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9.4.6 A/D conversion start trigger output function

The V850ES/IK1 has a function to select four trigger sources (INTTQ10V, INTTQ1CCO, INTTP1CCO, INTTP1CC1)
to generate the A/D conversion start trigger signal (TQTADT00, TQTADTO01) of A/D converters 0 and 1.

The trigger sources are specified by the TQ1OPT2.TQ1AT00 to TQ1OPT2.TQ1AT03 and TQ1OPT3.TQ1AT10 to
TQ1OPT3.TQ1AT13 bits.

TQ1ATO00, TQ1AT10 bits = 1:
A/D conversion start trigger signal generated when INTTQ10V (counter underflow) occurs.

TQ1ATO1, TQ1AT11 bits = 1:
A/D conversion start trigger signal generated when INTTQ1CCO (cycle match) occurs.

e TQ1AT02, TQ1AT12 bits = 1:
A/D conversion start trigger signal generated when INTTP1CCO (match of TP1CCRO register of TMP1 during
tuning operation) occurs.

TQ1ATO03, TQ1AT13 bits = 1:
A/D conversion start trigger signal generated when INTTP1CC1 (match of TP1CCR1 register of TMP1 during
tuning operation) occurs.

The A/D conversion start trigger signals selected by the TQ1AT00 to TQ1AT03 and TQ1AT10 to TQ1AT13 bits are
ORed and output. Therefore, two or more trigger sources can be specified at the same time.

The INTTQ10V and INTTQ1CCO signals selected by the TQ1AT00, TQ1AT01, TQ1AT10, and TQ1AT11 bits are
culled interrupt signals.

Therefore, these signals are output after the interrupts have been culled and, unless interrupt output is enabled
(TQ1OPT1.TQ1ICE, TQ1OPT1.TQ1IOE bits), the A/D conversion start trigger is not output.

The trigger sources (INTTP1CCO and INTTP1CC1) from TMP1 have a function to mask the A/D conversion start
trigger signal depending on the status of the count-up/count-down of the 16-bit counter, if so set by the TQ1ATO02,
TQ1AT03, TQ1AT12, and TQ1AT13 bits.

e TQ1ATMO2, TQ1ATM12 bits:
Correspond to the TQ1AT02 and TQ1AT12 bits and control INTTP1CCO (match interrupt signal) of TMP1.

e TQ1ATMO02, TQ1ATM12 bits = 0
The A/D conversion start trigger signal is output when the 16-bit counter counts up (TQ1OPT0.TQ1CUF bit =
0), and the A/D conversion start trigger signal is not output when the 16-bit counter counts down
(TQ1OPTO0.TQ1CUF bit = 1).

e TQ1ATMO02, TQ1ATM12 bits = 1
The A/D conversion start trigger signal is output when the 16-bit counter counts down (TQ1OPT0.TQ1CUF
bit = 1), and the A/D conversion start trigger signal is not output when the 16-bit counter counts up
(TQ1OPTO0.TQ1CUF bit = 0).

e TQ1ATMO03, TQ1ATM13 bits:
Correspond to the TQ1AT03 and TQ1AT13 bits and control INTTP1CC1 (match interrupt signal) of TMP1.

e TQ1ATMO3, TQ1ATM13 bits =0
The A/D conversion start trigger signal is output when the 16-bit counter counts up (TQ1OPT0.TQ1CUF bit =
0), and the A/D conversion start trigger signal is not output when the 16-bit counter counts down
(TQ1OPTO.TQ1CUF bit = 1).

e TQ1ATMO3, TQ1ATM13 bits = 1
The A/D conversion start trigger signal is output when the 16-bit counter counts down (TQ1TOPT0.TQ1CUF
bit = 1), and the A/D conversion start trigger signal is not output when the 16-bit counter counts up
(TQ1OPTO0.TQ1CUF bit = 0).
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The TQ1ATMO3, TQ1ATMO02, TQ1ATO3 to TQ1AT00, TQ1ATM13, TQ1ATM12, and TQ1AT13 to TQ1AT10 bits can
be rewritten while the timer is operating. If the bit that sets the A/D conversion start trigger signal is rewritten while the
timer is operating, the new setting is immediately reflected on the output status of the A/D conversion start trigger.
These control bits do not have a transfer function and can be used only in the anytime rewrite mode.

Cautions 1. The A/D conversion start trigger signal output that is set by the TQ1AT02, TQ1AT03, TQ1AT12,
and TQ1AT13 bits can be used only when TMP1 is performing a tuning operation as the slave
timer of TMQ1. If TMQ1 and TMP1 are not performing a tuning operation, or if a mode other
than the 6-phase PWM output mode is used, the output cannot be guaranteed.

2. The TOQ10 signal output is internally used to identify whether the 16-bit counter is counting
up or down. Therefore, enable TOQ10 pin output by clearing the TQ110C0.TQ10LO0 bit to 0 and
setting the TQ110C0.TQ10EO bit to 1.

User's Manual U16910EJ4V1UD 419



CHAPTER 9 MOTOR CONTROL FUNCTION

Figure 9-38. Example of A/D Conversion Start Trigger (TQTADT10) Signal Output (TQ1OPT1.TQ1ICE Bit=1,
TQ10PT1.TQ1IOE Bit = 1,TQ1OPT1.TQ1ID4 to TQ1OPT1.TQ1IDO Bits = 00000: Without Interrupt Culling)

wm LN NN N NN NN

INTTQ1CCO
signal
INTTQ10V
signal

N o L ninn,
INTTP1CCA1

signal I

TQ1CUF bit

=

|TQ1AT03 to TQ1ATOO bits = 0001 (INTTQ10OV signal output) |

TQTADT10
signal

|TQ1AT03 to TQ1ATOO bits = 0010 (INTTQ1CCO signal output) |

TQTADT10
signal

| TQ1ATO3 to TQ1ATOO bits = 0100, TQTATMO2 bit = 0 (INTTP1CCO signal output during counting up) |

TQTADT10 I'l I'l I'l I'l I'l I'l I'l I'l

signal
|TO1AT03 to TQ1ATOO bits = 0100, TQ1ATMO2 bit = 1 (INTTP1CCO signal output during counting down) |
TQTADT10

AL M RN N N N

|TQ1AT03 to TQ1ATOO bits = 1000, TQ1ATMO03 bit = 0 (INTTP1CC1 signal output during counting up) |

TQTADT10 |'| " " |'| " " |'| "

signal
|TQ1AT03 to TQ1ATOO bits = 1000, TQ1ATMOS3 bit = 1 (INTTP1CC1 signal output during counting down) |
TQTADT10

e et nt o nln

TQ1ATO3 to TQ1ATO00 bits = 0011 (setting to output A/D conversion start trigger signal when both crest and valley
interrupts occur)

TQTADT10
signal I_

TQ1ATO03 to TQ1ATOO bits = 1100, TQ1ATMO3 bit = 1, TQTATMO2 bit = 0 (INTTP1CCO0 and INTTP1CC1 signals ORed for output.
Setting to output A/D conversion start trigger signal when match interrupt of TMP1 occurs when counter is counting up or down)
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Figure 9-39. Example of A/D Conversion Start Trigger (TQTADT10) Signal Output (TQ1OPT1.TQ1ICE Bit = 0,
TQ1OPT1.TQ1IOE Bit = 1,TQ1OPT1.TQ1ID4 to TQ1O0PT1.Q1IDO0 Bits = 00010: With Interrupt Culling) (1)

e LN IN NV NN N NN

INTTQ1CCO signal L

INTTQ10V signal '

TQ1ATO03 to TQ1ATOO bits = 0011 (both INTTQ1CCO and INTTQ10QV signals are selected but
crest interrupt (INTTQ1CCO) is not output because interrupt culling is specified.)

TQTADT10 signal

Remark | : Culled interrupt

Figure 9-40. Example of A/D Conversion Start Trigger (TQTADT10) Signal Output (TQ1OPT1.TQ1ICE Bit = 0,
TQ10PT1.TQ1IOE Bit =1, TQ1OPT1.TQ1ID4 to TQ1OPT1.TQ1IDO Bits = 00010: With Interrupt Culling) (2)

e NN NN NN NN

INTTQ1CCO signal L

INTTQ1OV signal { f { f f
INTTP1CCO signal 1 | | N | | | | O | O N O O | I | A | N |
INTTP1CC1 signal ] | {1

TQ1CUF bit
TQ1AT03 to TQ1ATO0 bits = 0101, TQTATMO2 bit = 1
TQTADTA0 signal I I 1| I I MLl

Caution The INTTQ1CCO signal is culled but the INTTP1CCO signal is not.

Remark | : Culled interrupt
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(1) Operation under boundary condition (operation when 16-bit counter matches INTTP1CCO signal)

Table 9-3. Operation When TQ1CCRO Register = M, TQ1ATm2 Bit = 1, TQ1ATMm2 Bit = 0
(Counting Up Period Selected)

Value of TP1CCRO Value of 16-bit Value of 16-bit Status of 16-bit Counter TQTADT1m Signal
Register Counter of TMQ1 Counter of TMP1 of TMQ1 Output by INTTP1CCO
Signal

0000H 0000H 0000H - Output

0000H M+ 1 0000H - Not output

0001H 0001H 0001H Count up Output

0001H M 0001H Count down Not output

M M M Count up Output

M 0001H M Count down Not output

Table 9-4. Operation When TQ1CCRO0 Register = M, TQ1ATm2 Bit = 1, TQ1ATMm2 Bit = 1
(Counting Down Period Selected)

Value of TP1CCRO Value of 16-bit Value of 16-bit Status of 16-bit Counter TQTADT1m Signal
Register Counter of TMQ1 Counter of TMP1 of TMQ1 Output by INTTP1CCO
Signal

0000H 0000H 0000H - Not output

0000H M+ 1 0000H - Output

0001H 0001H 0001H Count up Not output

0001H M 0001H Count down Output

M M M Count up Not output

M 0001H M Count down Output

Caution The TP1CCRm register enables setting of “0” to “M” when the TQ1CCRO register = M. Setting of a

value of “M + 1” or higher is prohibited.

If a value higher than “M + 1” is set, the 16-bit counter of TMP1 is cleared by “M”. Therefore, the

TQTADT1m signal is not output.

Remark m=0, 1

422
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CHAPTER 10 WATCHDOG TIMER FUNCTIONS

10.1 Functions
The watchdog timer has the following functions.

¢ Reset mode: Reset operation upon overflow of the watchdog timer (generation of WDTRES signal)
¢ Non-maskable interrupt request mode:

Non-maskable interrupt operation upon overflow of the watchdog timer (generation of INTWDT signal)

Caution The watchdog timer is stopped after reset is released.
It starts operating when “ACH” is written to the WDTE register. Also, write to the WDTM

register for verification purposes only once, even if the default settings (reset mode, interval
time: 2%/fxx) do not need to be changed.
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10.2 Configuration

The block diagram of the watchdog timer is shown below.

Figure 10-1. Block Diagram of Watchdog Timer

| fod2'8 to fxx/223 Output INTWDT
frog2? —=| 16-bit Selector i
counter controller WDTRES
(internal reset signal)
} Clear s b

Watchdog timer
enable register (WDTE)

] [
| o [womi/womo| o | o [wbcs2|wpcst|wpcsol

Watchdog timer mode
register (WDTM)

!

Internal bus 2

Remark fxx/2°: Watchdog timer clock
fxx: Peripheral clock
INTWDT: Non-maskable interrupt request signal upon overflow of watchdog timer
WDTRES: Reset signal upon overflow of watchdog timer

The watchdog timer consists of the following hardware.

Table 10-1. Configuration of Watchdog Timer

ltem

Configuration

Control registers

Watchdog timer mode register (WDTM)
Watchdog timer enable register (WDTE)

424
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CHAPTER 10 WATCHDOG TIMER FUNCTIONS

10.3 Control Registers

(1) Watchdog timer mode register (WDTM)
The WDTM register sets the overflow time and operation clock of the watchdog timer.
This register can be read or written in 8-bit units. This register can be read any number of times, but can be

written only once following reset release; it cannot then be written a second or subsequent time.

Reset sets this register to 67H.

After reset: 67H R/W Address: FFFFF6DOH
7 6 5 4 3 2 1 0
wotm | o | womi | womo| o | o [wbcsz|wocst | wbcso |
WDM!1 WDMO Selection of operation mode of watchdog timer
0 0 Stop operation
0 1 Non-maskable interrupt request mode

(generation of INTWDT signal)

Reset mode (generation of WDTRES signal)

Cautions 1. For details of the WDCS2 to WDCSO bits, see Table 10-2 Overflow Time.
2. Be sure to clear bits 3,4, and 7 to 0.

Table 10-2. Overflow Time

WDCS2 | WDCS1 | WDCS0 Overflow Time fxx = 32 MHz
0 0 0 2"fixx 8.2 ms
0 0 1 2"/fxx 16.4 ms
0 1 0 2%ffxx 32.8ms
0 1 1 2% ffxx 65.5 ms
1 0 0 2%/fxx 131.1 ms
1 0 1 2%fxx 262.1 ms
1 1 0 2%/fxx 524.3 ms
1 1 1 2%ffxx 1,048.5 ms
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(2) Watchdog timer enable register (WDTE)
The counter of the watchdog timer is cleared and counting restarted by writing “ACH” to the WDTE register.
The WDTE register can be read or written in 8-bit units.
Reset sets this register to 1AH.

After reset: 1AH R/W Address: FFFFF6D1H

woTe | | | | | | | | |

Cautions 1. If “ACH” is written to the WDTE register to enable the watchdog timer operation and then a
value other than “ACH” is written to the WDTE register, a non-maskable interrupt request
signal (INTWDT) or a reset signal (WDTRES) is generated due to watchdog timer overflow,
depending on the specification of the WDTM.WDM1 and WDTM.WDMO bits.

2. When the WDTE register is read or written in 1-bit units, an internal reset signal is output.

3. The read value of the WDTE register is “1AH” before the watchdog timer operates, and
“9AH” after it operates. The value read from this register is different from the written value
(ACH).

10.4 Operation

The watchdog timer is stopped after reset is released.

The WDTM register can be written only once after reset is released. |If the register is written a second time after
the watchdog timer has started operating, a non-maskable interrupt request signal (INTWDT) or a reset signal
(WDTRES) is generated due to watchdog timer overflow, depending on the specification of the WDTM.WDM1 and
WDTM.WDMO bits. The INTWDT or WDTRES signal is also generated if the same value is written to the register.
The operation is not guaranteed if the register is written three or more times.

To use the watchdog timer, write the operation mode and the interval time to the WDTM register in 8-bit units.
After this, the operation of the watchdog timer cannot be stopped.

To not use the watchdog timer, write 00H to the WDTM register.

10.5 Caution

The cycle of the non-maskable interrupt request signal (INTWDT) that is generated due to watchdog timer overflow
can be calculated from “Interval time set to WDTM register + 2° peripheral clock pulse width”, if INTWDT occurs
successively without the watchdog timer being cleared.

Note that the pulse width until generation of the first interrupt request signal after the watchdog timer has been
started is not included.
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11.1 Features

e Two 10-bit resolution A/D converter circuits (A/D converters 0 and 1)
Simultaneous sampling of two circuits possible
¢ Analog input
Two circuits, total of eight channels
A/D converter 0: ANIOO to ANIO3 (4 channels)
A/D converter 1: ANI10 to ANI13 (4 channels)
e A/D conversion result registers Om and 1m (ADAOCRm and ADA1CRm)
10 bits x4 x 2
¢ A/D conversion trigger mode
o Software trigger mode
e Hardware trigger mode
External trigger mode
Timer trigger mode
¢ A/D conversion operation mode
Continuous select mode
Continuous scan mode
One-shot select mode
One-shot scan mode
o Buffer mode
1-buffer mode
4-buffer mode
e Successive approximation method
¢ Operating voltage range
Vop = EVop = AVopn = AVRern =4.5t0 5.5 V

Remark m=0to 3
n=0,1
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11.2 Configuration

The block diagram is shown below.

Figure 11-1. Block Diagram of A/D Converters 0 and 1

TTRGn1

ANIn0O ©
Sample & hold circuit
ANIn1 © 5 pTTTTTTTToTeTees ! Voltage
g ; NG R comparator
ANIN2 © @ I _L :
ANIn3 @ o

Trigger source selector in timer trigger
mode (see Figure 11-2)
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Remark n=0,1
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Cautions 1. If there is noise at the analog input pins (ANIn0O to ANIn3) or at the A/D converter reference

voltage input pin (AVRrern), that noise may generate an illegal conversion result (n =0, 1).

Software processing will be needed to avoid a negative effect on the system from this illegal

conversion result.

An example of this software processing is shown below.

o Take the average result of a number of A/D conversions and use that as the A/D conversion

resulit.

e Execute a number of A/D conversions consecutively and use those results, omitting any

exceptional results that may have been obtained.

o If an A/D conversion result that is judged to have generated a system malfunction is

obtained, be sure to recheck the system malfunction before performing malfunction

processing.

2. Do not apply a voltage outside the AVssn to AVrern range to the pins that are used as input

pins of A/D converters 0 and 1.

Figure 11-2. Block Diagram of Trigger Source Selector in Timer Trigger Mode
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/
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CHAPTER 11 A/D CONVERTERS 0 AND 1

A/D converters 0 and 1 consist of the following hardware.

Table 11-1. Configuration of A/D Converters 0 and 1

ltem Configuration
Analog input ANIOO to ANIO3, ANI10 to ANI13 (two circuits, total of eight channels)
Registers Successive approximation register (SAR)

A/Dn conversion result registers 0 to 3 (ADAnCRO to ADAnCR3)
A/Dn conversion result registers OH to 3H (ADANCROH to ADANCR3H)

Control registers A/D converter n mode register 0 (ADAnMO)

A/D converter n mode register 1 (ADAnM1)
A/D converter n mode register 2 (ADAnM2)
A/D converter n channel specification register 0 (ADANS)

Remark n=0,1

)

()

©)

4

430

Selector
The input circuit selects the analog input pin (ANInO to ANIn3) according to the mode set by the ADAnNMO,
ADANnM1, ADAnM2, and ADANS registers and sends the input to the sample & hold circuit (n = 0, 1).

Sample & hold circuit

The sample & hold circuit samples each of the analog input voltages sequentially sent from the input circuit,
and sends them to the voltage comparator. This circuit also holds the sampled analog input voltage during
A/D conversion.

Voltage comparator

This comparator compares the voltage generated from the voltage tap of the array with the analog input
voltage. If the analog input voltage is found to be greater than the reference voltage (1/2AVRern) as a result of
the comparison, the most significant bit (MSB) of the successive approximation register (SAR) is set. If the
analog input voltage is less than the reference voltage (1/2AVRern), the MSB of the SAR is reset.

After that, bit 8 of the SAR is automatically set, and the next comparison is made. The voltage tap of the array
is selected by the value of bit 9, to which the result has been already set.

Bit 9 = 0: (1/4AVReFn)
Bit 9 = 1: (3/4AVREern)

The voltage tap of the array and the analog input voltage are compared and bit 8 of the SAR is manipulated
according to the result of the comparison.

Analog input voltage > Voltage tap of array: Bit 8 = 1
Analog input voltage < Voltage tap of array: Bit 8 =0

Comparison is continued like this to bit 0 of the SAR.

Array
The array generates comparison voltage by the voltage input from an analog input pin (ANInO to ANIn3) (n =0,

1).
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(®)

(6)

@

@®)

)

Successive approximation register (SAR)

The SAR is a 10-bit register that sets voltage tap data whose values from the array match the voltage values of
the analog input pins, 1 bit at a time starting from the most significant bit (MSB).

If data is set in the SAR all the way to the least significant bit (LSB) (end of A/D conversion), the contents of
the SAR (conversion results) are held in A/Dn conversion result registers 0 to 3 (ADAnNCRO to ADAnCRS3) (n =
0, 1). When all the specified A/D conversion operations have ended, an A/Dn conversion end interrupt request
signal (INTADn) is generated.

A/Dn conversion result registers 0 to 3 (ADAnNCRO to ADAnCR3), A/Dn conversion result registers OH
to 3H (ADANCROH to ADANCR3H) (n =0, 1)

The ADANCRO to ADANCR3 and ADANnCROH to ADANCR3H registers are registers that hold the A/D
conversion results. Each time A/D conversion ends, the conversion result is loaded from the successive
approximation register (SAR) and stored in the higher 10 bits of the ADANCRO to ADANCR3 registers. The
lower 6 bits of these registers are always 0 when read.

The higher 8 bits of the result of A/D conversion are read from the ADANCROH to ADAnCR3H registers. To
read the result of A/D conversion in 16-bit units, specify the ADAnNCRO to ADANnCR3 registers. To read the
higher 8 bits, specify the ADANCROH to ADAnCR3H registers.

A/D converter n mode register 0 (ADAnNMO0) (n =0, 1)
This register is used to specify the operation mode and controls the conversion operation.

A/D converter n mode register 1 (ADAnM1) (n =0, 1)
This register is used to set the number of conversion clocks of the analog input to be A/D converted.

A/D converter n channel specification register (ADARS) (n =0, 1)
This register is used to specify the analog input pin to be A/D converted.

(10) A/D converter n mode register 2 (ADA2M2) (n =0, 1)

This register is used to specify the buffer mode and specify the mode in the hardware trigger mode.

(11) ANInO to ANIn3 pins (n =0, 1)

The ANInO to ANIn3 pins are analog input pins for A/D converters 0 and 1. They input the analog signals to be
A/D converted.

Caution Make sure that the voltages input to ANINO to ANIn3 do not exceed the rated values. If a
voltage higher than or equal to AVrern or lower than or equal to AVssn (even within the range
of the absolute maximum ratings) is input to a channel, the conversion value of the channel
is undefined, and the conversion values of the other channels may also be affected.

(12) AVrero and AVRer1 pins

This is the pin for inputting the reference voltage of A/D converters 0 and 1. It converts signals input to the
ANInO to ANINn3 pins to digital signals based on the voltage applied between AVrern and AVssn (n= 0, 1).
Always make the potential at the AVrern pin the same as that at the EVob pin even when A/D converters 0 and
1 are not used.

The operating voltage range of the AVRern pin is Vob = EVpp = AVbbn = AVREFn = 4.510 5.5 V.
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(13) AVsso and AVss1 pins
These pins are the ground pins of A/D converters 0 and 1. Always make the potential at the AVssn pin the
same as that at the EVss pin even when A/D converters 0 and 1 are not used.

(14) AVopo and AVobp1 pins
These pins are the analog power supply pins of A/D converters 0 and 1.
Supply the same potential to the AVboo and AVbp1 pins.
Always make the potential at the AVobn pin the same as that at the EVob pin even when A/D converters 0 and
1 are not used.

The operating voltage range of the AVoobn pin is Vop = EVpp = AVRern = AVobn = 4.510 5.5 V.

(15) Controller

This circuit executes control, such as enabling/disabling A/D converters 0 and 1 and selecting the operation
mode and trigger mode.

11.3 Control Registers
A/D converters 0 and 1 are controlled by the following registers.

¢ A/D converter n mode registers 0 to 2 (ADAnNMO to ADANM2)
¢ A/D converter n channel specification register (ADANS)

The following registers are also used.

¢ A/Dn conversion result registers 0 to 3 (ADAnCRO to ADAnCR3)
¢ A/Dn conversion result registers OH to 3H (ADANCROH to ADANCR3H)

(1) A/D converter n mode register 0 (ADAnMO)
The ADANMO register is an 8-bit register that specifies the operation mode and controls conversion operations.
This register can be read or written in 8-bit or 1-bit units. However, bit 0 is read-only. Writing executed to bit 0
is ignored.
Reset sets this register to 00H.
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After reset: 00H R/W Address: ADAOMO FFFFF200H, ADA1MO FFFFF220H

<7> 6 5 4 3 2 1 0

ADANMO | ADANCE| 0 | ADANMD? | ADANMDO |ADANETS1/ADANETSO| ADANTMD | ADANEF |
(n=0,1)

ADANCE A/D conversion operation control
0 Stop conversion operation
1 Start conversion operation

ADAnMD1|ADANMDO Operation mode specification
0 0 Continuous select mode
0 1 Continuous scan mode
1 0 One-shot select mode
1 1 One-shot scan mode

ADANETS1ADANETS0 Specification of external trigger (ADTRGn) valid edge

0 0 No edge detection (external trigger invalid)
0 1 Falling edge
1 0 Rising edge
1 1 Both rising and falling edges

ADANTMD Trigger mode specification
0 Software trigger mode
1 Hardware trigger modeN°t®

ADANEF Status of A/D converter n

0 A/D conversion stopped
1 A/D conversion operating

Note When the hardware trigger mode is selected, select a trigger mode by using the ADAnNM2.ADANTMD1
bit.

Cautions 1. In the software trigger mode, conversion is triggered when 1 is written to the ADANnCE bit.
In the hardware trigger mode (external trigger mode or timer trigger mode), the trigger
signal stands by when 1 is written to the ADANnCE bit.

The ADANCE bit is not cleared to 0 even after the A/Dn conversion end interrupt request
signal (INTADn) is generated in all modes. To stop the A/D conversion operation,
therefore, write 0 to the ADANCE bit.

2. If the ADAnMO, ADAnM2, and ADANS registers are written during A/D conversion
(ADANEF bit = 1), the operation is performed as follows in each mode.

¢ In software trigger mode
A/D conversion is stopped and executed again from the beginning.
¢ In hardware trigger mode
A/D conversion is stopped and the trigger standby state is restored again.
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(2) A/D converter n mode register 1 (ADAnM1)
The ADANM1 register is an 8-bit register that specifies the number of conversion clocks.
The number of conversion clocks includes the number of sampling clocks.
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: ADAOM1 FFFFF201H, ADA1M1 FFFFF221H

7 6 5 4 3 2 1 0

mAnMt [ o | o | o | o | o | o |ADAnFR1]/ADANFRO|
(n=0,1)

Cautions 1. See Table 11-2 Number of Conversion Clocks for the ADAnFR1 and ADANFRO bits.
2. When ADANnMO0.ADANCE bit = 1 (conversion enabled), changing the ADAnFR1 and
ADANFRO bits is prohibited.
3. Be sure to clear bits 2 to 7 to 0.

Table 11-2. Number of Conversion Clocks

ADANnFR1 | ADANFRO | Number of Conversion Clocks Number of Stabilized Clocks Number of Trigger Acknowledge
(fxx = 32 MHz) (fxx = 32 MHz) Clocks (fxx = 32 MHz)
0 Setting prohibited - -
1 62 (1.94 1s) 33
1 0 93 (2.91 us) 50
1 1 124 (3.88 us) 54

e Total number of A/D conversion clocks

Trigger Mode Operation Mode Total Number of A/D Conversion | Total Number of A/D Conversion Clocks
Clocks by First Trigger After by Second or Subsequent Trigger After
Setting ADANCE Bit = 1 Setting ADANCE Bit = 1
Software trigger Continuous select | 1 buffer | Number of stabilized clocks + Number of conversion clocks

4 buffers | number of trigger acknowledgment
clocks + number of conversion

Continuous scan 1 buffer

One-shot select 1 buffer clocks — (Conversion end with one conversion)
4 buffers Number of conversion clocks
One-shot scan 1 buffer Number of conversion clocks"™"
Hardware | Timer Continuous select/ | 1 buffer | Number of trigger acknowledgment | — (Conversion end with one conversion)
trigger trigger | one-shot select 4 buffers | clocks + number of conversion Number of conversion clocks
Continuous scan/ | 1 buffer clocks™™* Number of conversion clocks™™"

one-shot scan

External | Continuous select/ | 1 buffer | Noise elimination time + number of | — (Conversion end with one conversion)

trigger | one-shot select 4 buffers | trigger acknowledgment clocks + Number of conversion clocks

- number of conversion clocks"*®? .
Continuous scan/ | 1 buffer Number of conversion clocks

one-shot scan

Note 1

Notes 1. When two or more channels are scanned (ADANS register = 00H)
2. The stabilization time of the number of stabilized clocks elapses after the ADANCE bit is set from 0 to 1.
If the trigger is input during this time, the trigger is acknowledged after the lapse of the stabilization time.
As a result, the maximum total number of A/D conversion clocks is the above stabilization time plus the
number of stabilized clocks.
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(3) A/D converter n channel specification register (ADARNS)

The ADANS register is an 8-bit register that specifies the analog input 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: ADAOS FFFFF202H, ADA1S FFFFF222H

1 0

mAns [ o | o | o | o | 0 | ADAnS1 | ADANSO |
(n=0,1)
ADANS1 | ADANnSO Select mode Scan mode
0 0 ANInO ANInO
0 1 ANIn1 ANInO, ANIn1
1 0 ANIn2 ANINO to ANIn2
1 1 ANIn3 ANInO to ANIn3

Cautions 1.

If the ADANS register is written during A/D conversion (ADANMO.ADARNEF bit = 1), the
operation is performed as follows in each mode.

¢ In software trigger mode

A/D conversion is stopped and executed again from the beginning.
¢ In hardware trigger mode
A/D conversion is stopped and the trigger standby state is restored again.

Be sure to clear bits 2to 7

to 0.
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(4) A/D converter n mode register 2 (ADAnM2)
The ADANM2 register is an 8-bit register that specifies the buffer mode and hardware trigger mode.
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: ADAOM2 FFFFF203H, ADA1M2 FFFFF223H

7 6 5 4 3 2 1 0
ADAM2 [ADAmBS| o | o | o [ o | o |aamwpi] o |
(n=0,1)

ADANBS Buffer mode specification
0 1-buffer mode
1 4-buffer modeN°t
ADANTMD1 Hardware trigger mode specification
0 External trigger mode
1 Timer trigger mode

Note In 4-buffer mode, the A/D conversion results are stored in the order of ADAnCRO — ADAnCR1 —
ADANCR2 — ADANCRS regardless of the selected analog input pin.
Setting of the 4-buffer mode is prohibited in the continuous scan mode and one-shot scan mode.

Cautions 1. The external triggers of A/D converters 0 and 1 are respectively input from the
PO4/INTP4/ADTRGO and PO5/INTP5/ADTRG1 pins. To use the external trigger mode,
therefore, be sure to set the PMC0.PMC04 and PMCO0.PMCO05 bits to 1.
2. The timer trigger of A/D converter n is the A/D conversion start trigger signal (TQTADT1n)
of the timer (motor control function). The TQTADT1n signal is connected to the TTRGn1
signal of A/D converter n (see Figure 11-2).

o Timer trigger of A/D converter 0
In timer trigger mode: TQTADT10

e Timer trigger of A/D converter 1
In timer trigger mode: TQTADT11

The TQTADT1n signal is set by using the TQ1AT00 to TQ1ATO03 bits of TMQ1 option
register 2 (TQ10OPT2) and the TQ1AT10 to TQ1AT13 bits of TMQ1 option register 3
(TQ10PT3). The trigger sources of the motor control function that can be selected as an
A/D conversion start trigger (timer trigger) are the INTTP1CCO, INTTP1CC1, INTTQ1CCO,
and INTTQ10V signals (two or more signals can be selected).

3. If the ADAnNM2 register is written during A/D conversion (ADAnMO0.ADARNEF bit = 1), the
operation is performed as follows in each mode.

¢ In software trigger mode
A/D conversion is stopped and executed again from the beginning.
e In hardware trigger mode
A/D conversion is stopped and the trigger standby state is restored again.
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(5) A/Dn conversion result registers 0 to 3, OH to 3H (ADAnCRO to ADAnCR3, ADANCROH to ADAnNCR3H)
The ADAnCRm and ADANCRH registers are registers that hold the A/D conversion results. Four of these
registers are provided per circuit, and two circuits are available. Each time A/D conversion ends, the
conversion result is loaded from the successive approximation register (SAR) and stored in the higher 10 bits
of the ADANCRm register. The lower 6 bits of these registers are always 0 when read.

The higher 8 bits of A/D conversion result are read to the ADANCRmH register.

These registers can only be read in 16-bit or 8-bit units. When the A/D conversion results are read in 16-bit
units, the ADANCRm register is specified, and when the higher 8 bits are read, the ADANCRmH register is
specified.

Reset makes these registers undefined.

After reset: Undefined R Address: ADAOCRO FFFFF210H, ADAOCR1 FFFFF212H,
ADAOCR2 FFFFF214H, ADAOCR3 FFFFF216H,
ADA1CRO FFFFF230H, ADA1CR1 FFFFF232H,
ADA1CR2 FFFFF234H, ADA1CR3 FFFFF236H

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

ADANCRm |ADn|ADn|ADn|ADn|ADn|ADn|ADn|ADn|ADn |ADn| 0O 0 0 0 0 0
(n=0,1) m9 | m8 | m7  m6|m5 | m4 | m3|m2|mi|moO
(m=0to3)

After reset: Undefined R Address: ADAOCROH FFFFF211H, ADAOCR1H FFFFF213H,
ADAOCR2H FFFFF215H, ADAOCR3H FFFFF217H,
ADA1CROH FFFFF231H, ADA1CR1H FFFFF233H,
ADA1CR2H FFFFF235H, ADA1CR3H FFFFF237H

7 6 5 4 3 2 1 0

ADANCRmH | ADnm9 | ADhm8 | ADnm7 | ADnm6 | ADnms | ADnm4 | ADnm3 | ADnm2 |
=0,1
(m(ZO?o 3;

The correspondence between the analog input pins and the ADAnNCRm and ADAnCRmH registers is shown
below.

Table 11-3. Correspondence Between Analog Input Pins and ADAnCRm and ADANCRmH Registers

A/D Converter Analog Input Pin A/D Conversion Result Register
A/D converter 0 ANIOO ADAOCRO, ADAOCROH
ANIO1 ADAOCR1, ADAOCR1H
ANIO2 ADAOCR2, ADAOCR2H
ANIO3 ADAOCRS3, ADAOCR3H
A/D converter 1 ANI10 ADA1CRO, ADA1CROH
ANI11 ADA1CR1, ADA1CR1H
ANI12 ADA1CR2, ADA1CR2H
ANI13 ADA1CRS3, ADA1CR3H
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The relationship between the analog voltage input to the analog input pin (ANInm) and the A/D conversion
result (of A/Dn conversion result register m (ADANCRm)) is as follows:

SAR = INT (ﬁ x 1,024 + 0.5)

ADCR™ = SAR x 64

or,

AV AV
DYREE VN < (SAR + 0.5) x b

(SAR—0.8) x50y 1,024

INT(): Function that returns the integer of the value in ()

VIN: Analog input voltage

AVRer: AVRern pin voltage

ADCR: Value of A/Dn conversion result register m (ADANCRm)
Note The lower 6 bits of the ADANCRm register are fixed to 0.

The relationship between the analog input voltage and the A/D conversion results is shown below.

Figure 11-3. Relationship Between Analog Input Voltage and A/D Conversion Results

SAR ADANCRm
1,008+—+——F——F+—+—+—+----- FFCOH
102+—++ L L L Lo FF80H

A/D conversion
results (ADAnCRm) 1021 T roog 11 FF40H
1 I 1
1 1 1 1 1 1 1 1 1 1 1 1 1
| | | | 1 | 1 1 | 1 1 1 | |
1 1 1 1 1 1 1 I 1 1 1 1 1 1

3 1 1 1 1 1 - ‘_ _ 1 1 1 1 1 1 OOCOH

T T 0080H

1 p—— - - - - - 0040H

O > = 1 5 0000H

1 1 3 2 5 3 2,043 1,022 2,0451,023 2,047 4

2,048 1,024 2,048 1,024 2,0481,024 2,048 1,024 2,0481,024 2,048

Input voltage/AVrern

Remark n=0,1
m=0to 3
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11.4 Operation

Caution A/D converters 0 and 1 are capable of simultaneous sampling of two circuits.

11.4.1 Basic operation

A/D conversion is executed by the following procedure.

(1)

@)

®)

(4)

(6)

Select an analog input pin, operation mode, and trigger mode, by using the ADAnMO, ADAnM1, ADAnM2, and
ADARS registers™* (n =0, 1). The setting of the number of stabilized clocks immediately after A/D conversion
is enabled is determined by the specification of the ADAnNM1.ADAnFRO and ADAnM1.ADANnFR1 bits.

Note

Note If the ADAnNMO, ADAnNM2 and ADANS registers are written during A/D conversion, or if a valid trigger is
input, the conversion result is not correctly stored in the ADANCRm register (m = 0 to 3) and the
conversion operation before the change is initialized and performed from the beginning again.

In the software trigger mode, setting the ADANMO.ADANCE bit to 1 starts A/D conversion after the lapse of the
number of stabilized clocks (n = 0, 1). If the ADANCE bit is set to 1 in the hardware trigger mode (external
trigger mode, timer trigger mode), the A/D converter enters the trigger standby status. For details, see 11.3 (2)
A/D converter n mode register 1 (ADAnM1).

When A/D conversion is started, the voltage input to the selected analog input channel is sampled by the
sample & hold circuit.

When sampling has been performed for a specific time, the sample & hold circuit enters the hold status, and
holds the input analog voltage until A/D conversion ends.

Set bit 9 of the successive approximation register (SAR). The tap selector changes the level of the voltage tap
of the array to the reference voltage (1/2AVRern).

The voltage generated by the voltage tap of the array is compared with the analog input voltage by a
comparator. If the analog input voltage is found to be greater than the reference voltage (1/2AVRern) as a
result of comparison, the most significant bit (MSB) of the successive approximation register (SAR) remains
set. If the analog input voltage is less than the reference voltage (1/2AVRrern), the MSB of the SAR is reset.

Next, bit 8 of the successive approximation register (SAR) is automatically set, and the next comparison is
started. The voltage tap of the array is selected according to the value of bit 9, to which the result has been
already set.

Bit 9 = 0: (1/4AVReFn)
Bit 9 = 1: (3/4AVREeFn)

The voltage tap of the array and the analog input voltage are compared and bit 8 of the SAR is manipulated
according to the result of the comparison.

Analog input voltage > Voltage tap of array: Bit 8 = 1
Analog input voltage < Voltage tap of array: Bit 8 =0

Comparison is continued like this to bit 0 of the SAR.
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(8) When comparison of 10 bits has been completed, the valid digital value result remains in the successive
approximation register (SAR). This value is transferred to A/Dn conversion result register m (ADANCRm) and
the conversion result is stored in this register (n = 0, 1, m = 0 to 3). When A/D conversion has ended the
specified number of times, an A/Dn conversion end interrupt request signal (INTADn) is generated.

11.4.2 Operation mode and trigger mode
Various conversion operations can be specified for A/D converters 0 and 1 by specifying the operation mode and

trigger mode. The operation mode and trigger mode are set by the ADAnMO, ADAnM1, ADAnM2, and ADANnS

registers.

The following shows the relationship between the operation mode and trigger mode.

Remark n=0,1

Trigger Mode Operation Mode Setting Value
ADANMO ADANnM1 ADANnM2 ADANS
Software trigger Continuous select | 1 buffer X000XX0XB | 000000XXB | 00000000B 00000XXXB
4 buffers X000XX0XB | 000000XXB | 10000000B 00000XXXB
Continuous scan X001XX0XB | 000000XXB | 00000000B 00000XXXB
One-shot select 1 buffer X010XX0XB | 000000XXB | 00000000B 00000XXXB
4 buffers X010XX0XB | 000000XXB | 10000000B 00000XXXB
One-shot scan X011XX0XB | 000000XXB | 00000000B 00000XXXB
Hardware External Continuous select | 1 buffer*™’ X000XX1XB | 000000XXB | 00000000B | 00000XXXB
trigger trigger 4 buffers***> | X000XX1XB | 000000XXB | 100000008 | 00000XXXB
Continuous scan"** X001XX1XB | 000000XXB | 00000000B 00000XXXB
One-shot select 1 buffer"™®’ X010XX1XB | 000000XXB | 00000000B 00000XXXB
4 buffers™* | X010XX1XB | 000000XXB | 100000008 00000XXXB
One-shot scan™™** X011XX1XB | 000000XXB | 00000000B 00000XXXB
Timer trigger Continuous select | 1 buffer*™" X000XX1XB | 000000XXB | 00000010B 00000XXXB
4 buffers™* | X000XX1XB | 000000XXB | 10000010B 00000XXXB
Continuous scan*** X001XX1XB | 000000XXB | 00000010B 00000XXXB
One-shot select 1 buffer"™’ X010XX1XB | 000000XXB | 00000010B 00000XXXB
4 buffers™* | X010XX1XB | 000000XXB | 10000010B 00000XXXB
One-shot scan“**® X011XX1XB | 000000XXB | 00000010B 00000XXXB

Notes 1. The same operation is performed regardless of the trigger type.
2. The same operation is performed regardless of the trigger type.
3. The same operation is performed regardless of the trigger type.
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(1) Trigger mode
There are two types of trigger modes that serve as the start timing of an A/D conversion operation: software
trigger mode and hardware trigger mode. There are two types of hardware trigger modes: external trigger
mode and timer trigger mode.
These trigger modes are set by the ADAnNMO and ADAnNM2 registers.

Remark n=0,1

(a) Software trigger mode
Of the ANInO to ANIn3 pins, the analog input pin specified by the ADAnS.ADAnS1 and ADAnS.ADANSO
bits is used for the A/D conversion start timing when the ADAnNMO0.ADANCE bit is set to 1 in this mode.
After end of A/D conversion, the conversion result is stored in A/Dn conversion result register m
(ADANCRm) (m = 0 to 3). At the same time, an A/Dn conversion end interrupt request signal (INTADn) is
generated.
If the operation mode set by the ADAnNMO0.ADAnNMD1 and ADANMO0.ADANMDO bits is the continuous select
mode or continuous scan mode, the conversion operation is repeated unless the ADAnNMO.ADANCE bit is
cleared to 0. In the one-shot select mode or one-shot scan mode, the conversion operation is stopped
after A/D conversion ends.
When conversion is started, the ADAnNMO.ADANEF bit is set to 1 (conversion in progress).
If the ADANMO, ADAnM2, and ADANS registers are written during A/D conversion, the conversion is
stopped and executed again from the beginning.

Remark n=0,1
m=0to 3
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(b) Timer trigger mode

Of the ANInO to ANIn3 pins, the analog input pin specified by the ADAnS.ADAnS1 and ADANnS.ADANSO
bits is used for A/D conversion in this mode. The timer (motor control function) is used for the A/D
conversion start timing.

The timer trigger signal of A/D converter n is the timer interrupt request signal (TQTADT10, TQTADT11) of
the timer (motor control function). The TQTADT10 and TQTADT11 signals are connected to the TTRGO1
and TTRG11 signals of A/D converter n (see Figure 11-2).

e Timer trigger of A/D converter 0: TQTADT10
o Timer trigger of A/D converter 1: TQTADT 11

The TQTADT10 and TQTADT11 signals are set by using the TQ1AT00 to TQ1ATO3 bits of TMQ1 option
register 2 (TQ10OPT2) and the TQ1AT10 to TQ1AT13 bits of TMQ1 option register 3 (TQ1OPT3). The
interrupt request signals of the motor control function that can be selected as a timer trigger signal are the
INTTP1CCO, INTTP1CC1, INTTQ1CCO, and INTTQ10QV signals (two or more signals can be selected).
When the ADAnNM2.ADANTMD1 bit is set to 1, A/D conversion is started at the rising edge of the timer
interrupt request signal (TQTADT10 or TQTADT11) set for the motor control function.

When the ADANMO.ADANCE bit is set to 1, the A/D converter waits for a trigger and, when the timer
interrupt request signal is input, starts A/D conversion.

After the end of A/D conversion, the conversion result is stored in A/Dn conversion result register m
(ADANCRm) and, at the same time, an A/Dn conversion end interrupt request signal (INTADn) is
generated.

If the operation mode set by the ADAnNMO0.ADAnNMD1 and ADAnMO0.ADANMDO bits is the continuous select
mode or continuous scan mode, the conversion operation is repeated, with the next timer interrupt request
signal as the trigger, unless the ADANMO.ADANCE bit is cleared to 0. In the one-shot select mode or one-
shot scan mode, the A/D converter waits for a trigger.

When conversion is started, the ADAnMO.ADANEF bit is set to 1 (conversion in progress). While the
converter waits for a trigger, however, the ADAnMO.ADANEF bit = 0 (conversion stopped).

If the valid trigger is input during A/D conversion, the conversion is stopped and is executed again from the
beginning. If the ADAnNMO, ADAnNM2, and ADANS registers are written during A/D conversion, the
conversion is stopped and the converter waits for a trigger again.

Caution In timer trigger mode, make sure that the timer interrupt request signal (A/D conversions
start timing) is not generated at an interval shorter than the minimum number of
conversion clocks that can be specified by the ADAnM1.ADAnFR1 and
ADANnM1.ADANFRO bits. If the interrupt request signal is generated at an interval shorter
than the minimum number of conversion clocks, the last trigger is valid.

Remark n=0,1
m=0to 3
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(c) External trigger mode
Of the ANInO to ANIn3 pins, the analog input pin specified by the ADAnS.ADANnS1 and ADAnS.ADANSO
bits is used for A/D conversion in this mode. The ADTRGn pin is used for the A/D conversion start timing.
The ADTRGO pin alternates as the PO4/INTP4 pin, and the ADTRG1 pin as the PO5/INTP5 pin. To set the
external trigger mode, set the PMC04 and PMCO05 bits of port mode control register 0 (PMCO) to 1, and
the ADAnM2.ADANTMD1 bit to 0.
The valid edge of the external input signal in the external trigger mode can be selected from the rising
edge, falling edge, or both the rising and falling edges, according to the setting of the ADAnNMO.ADANETS1
and ADAnMO.ADANETSO bits.
When the ADAnNMO0.ADANCE bit is set to 1, the A/D converter waits for a trigger and starts conversion
when the trigger is input from the ADTRGn pin.
After the end of conversion, the conversion result is stored in A/Dn conversion result register m
(ADAnCRm) and, at the same time, an A/Dn conversion end interrupt request signal (INTADn) is
generated.
If the operation mode set by the ADAnNMO0.ADAnNMD1 and ADANMO0.ADANMDO bits is the continuous select
mode or continuous scan mode, the conversion operation is repeated, with the next ADTRGn signal as the
trigger, unless the ADANMO.ADANCE bit is cleared to 0. In the one-shot select mode or one-shot scan
mode, the A/D converter waits for a trigger.
When conversion is started, the ADAnMO.ADANEF bit is set to 1 (conversion in progress). While the
converter waits for a trigger, however, the ADAnEF bit = 0 (conversion stopped).
If the valid trigger is input during A/D conversion, the conversion is stopped and is executed again from the
beginning. If the ADANMO, ADAnM2, and ADANS registers are written during A/D conversion, the
conversion is stopped and the converter waits for a trigger again.

Caution In the external trigger mode, make sure that the ADTRGn signal (A/D conversion start
timing) is not generated at an interval shorter than the minimum number of conversion
clocks that can be specified by the ADAnM1.ADAnFR1 and ADAnM1.ADANFRO bits. If
the ADTRGn signal is generated at an interval shorter than the minimum number of
conversion clocks, the last trigger is valid.

Remark n=0,1
m=0to 3

User's Manual U16910EJ4V1UD 443



CHAPTER 11 A/D CONVERTERS 0 AND 1

(2) Operation mode
There are four operation modes in which the ANIn0 to ANIn3 pins are set: continuous select mode, continuous
scan mode, one-shot select mode, and one-shot scan mode. The continuous select mode and one-shot select
mode have sub-modes that consist of 1-buffer mode and 4-buffer mode. These modes are set by the
ADANMO and ADANM2 registers.

Remark n=0,1

(a) Continuous select mode
In this mode, the analog input pin (ANInm) specified by the ADANS register is A/D converted continuously.
The conversion results are stored in the A/Dn conversion result register (ADAnNCRm) corresponding to the
ANInm pin. In this mode, the 1-buffer mode and 4-buffer mode are provided for storing the A/D conversion
results.

¢ 1-buffer mode
In this mode, the voltage of the analog input pin (ANInm) specified by the ADANS register is A/D
converted. The conversion results are stored in the ADANCRm register corresponding to the ANInm
pin. The ANInm pin and the ADAnCRm register correspond one to one, and an A/Dn conversion end
interrupt request signal (INTADN) is generated each time one A/D conversion ends.
After the end of A/D conversion, the conversion is repeated again unless the ADAnMO.ADANCE bit is
cleared to 0.

Remark n=0,1
m=01to 3
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Figure 11-4. Continuous Select 1-Buffer Mode Operation Timing
(When ADAOMO0.ADAOMD1 and ADAOMO0.ADAOMDO Bits = 00,
ADAOM2.ADAOBS Bit = 0, ADA0S.ADA0S1 and ADA0S.ADAO0SO Bits = 01)

Data 4
Data 3 ||
Data 2
ANIO1 (input) Data 1
Data 5 Data 6
A/D conversion - Data 1 Data 2 Data 3 Data 4 T Data 5 Data 6
i (ANIO1) (ANIO1) (ANIO1) (ANIO1) | | . (ANIO1) (ANIOT)
Stabilization time Stabilization
time
. Data 1 Data 2 Data 3 Data 4 Data 5 Data 6
ADAOCR1 register (ANI0T) | (aNio1) | (aNio1) | | (aniot) (ANI01) | (ANIO1)
INTADO interrupt —| —| —| —| —| —|
Conversion start Conversion stop
ADAOCE bit ADAOCE bit
set clear
Conversion start
Software processing ADAOCE bit
set
Analog input pin ADAOCRN register
ANI0O O ADAOCRO
ANI01 O ADAOCR1
——=~O—— AD converter0 40/
ANI02 O ADAOCR2
ANI03 O ADAOCR3
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¢ 4-buffer mode
In this mode, the voltage of one analog input pin (ANInm) is A/D converted four times and the results
are stored in the ADANCRm register. The A/Dn conversion end interrupt request signal (INTADn) is
generated when the four A/D conversions end. After end of A/D conversion, the conversion is started
again from the beginning, unless the ADAnMO0.ADANCE bit is cleared to 0.

Remark n=0,1, m=0t0 3

Figure 11-5. Continuous Select 4-Buffer Mode Operation Timing
(When ADAOMO0.ADAOMD1 and ADAOMO0.ADAOMDO Bits = 00,
ADAOM2.ADAOBS Bit = 1, ADA0S.ADA0S1 and ADA0S.ADAO0SO Bits = 11)

Data 3 Data 4 Data 5

Data 2 Data 6 Data 7

Data 1
ANIO3 (input)

Data 1 Data 2 Data3 | Data4 Data 5 Data6 | Data7

A/D conversion (ANI03) | (ANI03) | (ANI03) | (ANI03) | (ANIO3) | (ANIO3) | (ANIO3)

Stabilization time

ADAOCRO register Data 1 (ANIO3) Data 5 (ANIO3)
ADAOCR1 register Data 2 (ANIO3) Data 6 (ANIO3)
ADAOCR2 register Data 3 (ANIO3)
ADAOCRS register Data 4 (ANIO3)

INTADO interrupt —|

Conversion start
Software processing ADAOCE bit

set
Analog input pin ADAOCRN register
ANIOO O ADAOCRO
ANIO1 O ADAOCR1

(O—— A/D converter 0
ANIO2 8/ ADAOCR2
ANIO3 ADAOCR3
Caution The A/D conversion results are stored in the order of ADAOCR0O - ADAOCR1 — ADAOCR2 —
ADAOCRS regardless of the selected analog input pin.
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CHAPTER 11 A/D CONVERTERS 0 AND 1

(b) Continuous scan mode
In this mode, the analog input pins (ANInm) specified by the ADANS register are selected sequentially

from the ANInO pin, and A/D conversion is executed continuously. The A/D conversion results are stored

in the ADAnNCRm register corresponding to the analog input pin. When conversion of all the specified

analog input pin ends, the A/Dn conversion end interrupt request signal (INTADn) is generated. After the

end of A/D conversion, the conversion is started again from the ANInO pin, unless the ADAnM0.ADANnCE

bit is cleared to 0.

Remark n=0,1, m=0t03

Figure 11-6. Continuous Scan Mode Operation Timing
(When ADAOMO0.ADAOMD1 and ADAOMO0.ADAOMDO Bits = 01, ADA0S.ADA0S1 and ADA0S.ADAO0SO Bits = 11)

ANIOO (input)
ANIO1 (input)
ANIO2 (input)

ANIO3 (input)

A/D conversion

Stabilization time

ADAOCRQO register

ADAOCRHT register

ADAOCR?2 register

ADAOCRS register

INTADO interrupt

Software processing

Data 1
T Data5 | _———
|
N Data2 | —| ™ Data 6
\__/ Data 7
Data 3 | \
— //——
- | | Data 4 //
- Data 1 Data2 | Data3 | Data4 | Data5 Data 6 Data7 |
. (ANIOO) | (ANIO1) [ (ANIO2) | (ANIO3) [ (ANIOO) | (ANIOY) | (ANIO2) |
Data 1 (ANIOO) Data 5 (ANI0O)
Data 2 (ANIO1) Data 6 (ANIO1)
Data 3 (ANI02)
Data 4 (ANIO3)

Conversion start
ADAOCE bit
set

Analog input pin

Oi

ANIOO QK\
ANI01 O j

A/D converter 0

ANI02 O o
ANIO3

Bt

ADAOCRN register

ADAOCRO
ADAOCR1
ADAOCR2
ADAOCRS3
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(c) One-shot select mode
In this mode, the analog input pin (ANInm) specified by the ADANS register is A/D converted once. The
conversion results are stored in the A/Dn conversion result register (ADANCRm) corresponding to the
ANInm pin. In this mode, the 1-buffer mode and 4-buffer mode are provided for storing the A/D conversion
results.

¢ 1-buffer mode
In this mode, the voltage of the analog input pin (ANInm) specified by the ADANS register is A/D
converted. The conversion results are stored in the ADANCRm register corresponding to the ANInm
pin. The ANInm pin and the ADANCRm register correspond one to one, and an A/Dn conversion end
interrupt request signal (INTADN) is generated each time one A/D conversion ends.
After the end of A/D conversion, the conversion operation is stopped.

Remark n=0,1,m=0t03
Figure 11-7. One-Shot Select 1-Buffer Mode Operation Timing

(When ADAOMO0.ADAOMD1 and ADAOMO0.ADAOMDO Bits = 10,
ADAOM2.ADAOBS Bit = 0, ADA0S.ADA0S1 and ADA0S.ADAO0SO Bits = 01)

ANIO1 (input) Data 1
- Data 2
. o Datadi| T Data 2 T
ADconversion | dawion| anon) |
Stabilization time ~ Stabilization time ~
. Data 1 Data 2
ADAOCR1 register (ANI01) (ANI01)
INTADO interrupt —|
Conversion Conversion  Conversion
Software processing start ADAOCE start ADAOCE end ADAOCE
bit set bit set bit clear
Analog input pin ADAOCRRN register
ANIoO O ADAOCRO
ANIO1 O ADAOCR1
=0 AD converter 0 40/
ANI02 O ADAOCR2
ANI03 O ADAOCRS3
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CHAPTER 11 A/D CONVERTERS 0 AND 1

e 4-buffer mode

In this mode the voltage of one analog input pin (ANInm) is A/D converted four times and the results
are stored in the ADAnCRm register. The A/Dn conversion end interrupt request signal (INTADn) is
generated when the four A/D conversions end. After end of A/D conversion, the conversion operation

is stopped.

Remark n=0,1,m=0t03

Figure 11-8. One-Shot Select 4-Buffer Mode Operation Timing
(When ADAOMO0.ADAOMD1 and ADAOMO0.ADAOMDO Bits = 10,
ADAOM2.ADAOBS Bit = 1, ADA0S.ADA0S1 and ADA0S.ADA0SO Bits = 11)

ANIO3 (input)

A/D conversion

Stabilization time

ADAOCRO register

ADAOCRT register

ADAOCR2 register

ADAOCRS register

INTADO interrupt

Software processing

Data 4
Data 3
\ Data 2 ™ Data5 |Data6 |
Data 1
o Data 1 Data 2 Data 3 Datad | Data5 | Data 6 -
(ANIO3) | (ANIO3) | (ANIO3) | (ANIO3) | (ANIO3) [ (ANIO3) |
Stabilization time
Data 1 (ANIO3) Data 5 (ANIO3)

Data 2 (ANI03)

Data 3 (ANI03)

Data 4 (ANI03)

|

Conversion start

ADAOCE bit
set

Conversion start
ADAOCE bit

set

Analog input pin

ANI00 O
ANI01 O

ANI02 8/
ANIO3

Caution The A/D conversion results are stored in the order of ADAOCR0O - ADAOCR1 — ADAOCR2 —»

ADAOCRN register

A/D converter 0

ADAOCR2

ADAOCRO
M ADAOCR1

ADAOCRS3

ADAOCRS3 regardless of the selected analog input pin.
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(d) One-shot scan mode

In this mode, the analog input pins (ANInm) specified by the ADANS register are selected sequentially
from the ANInO pin, and A/D conversion is executed. The A/D conversion results are stored in the
ADANCRm register corresponding to the analog input pin. When conversion of all the specified analog
input pin ends, the A/Dn conversion end interrupt request signal (INTADn) is generated. After end of A/D

conversion, the conversion operation is stopped.

Remark n=

0,1

m=0to 3

(When ADAOMO0.ADAOMD1 and ADAOMO0.ADAOMDO Bits = 11, ADA0S.ADA0S1 and ADA0S.ADAO0SO Bits = 11)

Figure 11-9. One-Shot Scan Mode Operation Timing

ANIOO (input)
ANIO1 (input)
ANIO2 (input)

ANIO3 (input)

A/D conversion

Stabilization time

ADAOCRO register

ADAOCRT register

ADAOCR?2 register

ADAOCRS register

INTADO interrupt

e

Data 1
— Data 5 I T
2;%/ \ Data 6 |~
\__—/
Data 3 // \\
.
‘\%Si///
Data 1 Data2 | Data 3 Data4 | Data5 | Data 6
(ANI0O) | (ANIOT) | (ANIO2) | (ANIO3) | (ANIOO) [ (ANIOT) |
Stabilization time
Data 1 (ANIOO) Data 5 (ANI0O)
Data 2 (ANIO1)

Data 3 (ANI02)

Data 4 (ANI03)

|

Conversion start

Software processing ADAOCE bit

set

Conversion start
ADAOCE bit
set

ANIOO
ANIO1
ANIO2
ANIO3

Analog input pin

o

o

A/D converter 0

ADAOCRN register

ADAOCRO
ADAOCR1
ADAOCR2
ADAOCRS3

450

User’'s Manual U16910EJ4V1UD




CHAPTER 11 A/D CONVERTERS 0 AND 1

11.5 Operation in Software Trigger Mode

When the ADAnNMO.ADANCE bit is set (1), A/D conversion is started.

When A/D conversion is started, the ADAnNMO.ADANEF bit = 1 (conversion in progress).

If the ADANMO, ADANM2, and ADANS registers are written during A/D conversion, the conversion is stopped and
executed again from the beginning.

Remark n=0,1
11.5.1 Continuous select mode operations

In this mode, the analog input pin (ANInm) specified by the ADANS register is A/D converted continuously. The
conversion results are stored in the ADANCRm register. In the continuous select mode, the 1-buffer mode and 4-

buffer mode are supported according to the method of storing the A/D conversion results.

Remark n=0,1
m=0to 3
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(1) 1-buffer mode (software trigger continuous select: 1 buffer)
In this mode, the voltage of one analog input pin (ANInm) is A/D converted once. The conversion results are
stored in one ADAnCRm register. The ANInm pin and ADAnCRm register correspond one to one.
Each time an A/D conversion is executed, an A/Dn conversion end interrupt request signal (INTADn) is
generated and A/D conversion ends. After the end of A/D conversion, the conversion is repeated again unless
the ADAnMO.ADANCE bit is cleared to 0.
It is not necessary to set (1) the ADANMO.ADANCE bit to restart A/D conversion™".

Note In the software trigger continuous select 1-buffer mode, the A/D conversion operation is not stopped
unless the ADANMO.ADANCE bit is cleared to 0. If the ADANCRm register is not read before the next

A/D conversion ends, it is overwritten.

This mode is suitable for applications in which the A/D conversion value of one analog input pin is read.

Analog Input Pin A/D Conversion Result Register

ANInm ADANnCRm

Remark n=0,1
m=0to 3

Figure 11-10. Example of 1-Buffer Mode Operation (Software Trigger Continuous Select: 1 Buffer)

ADAOMO O ANIoO O ADAOCRO

ANIO1 O ADAOCR{
ANI02 Q/Oi A/D converter 0 40\ ADAOCR2
ANI03 O ADAOCR3

(1) The ADAOCE bit = 1 (enable) (5) The INTADO interrupt request signal is generated

(2) The ANIO2 pin is A/D converted (6) Returnto (2)

(3) The conversion result is stored in the ADAOCR2 register (7) To end the conversion, the ADAOCE bit = 0 (stop)

(

4) The ADAOMO.ADAOEF bit=0

Remark This is an operation example with the following setting.
ADAOMO.ADAOMD1 and ADAOMO0.ADAOMDO bits = 00, ADAOMO.ADAOTMD bit = 0,
ADAOM2.ADAOBS bit = 0, ADA0S.ADAOS1 and ADA0S.ADAOSO bits = 10
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(2) 4-buffer mode (software trigger continuous select: 4 buffers)
In this mode, the voltage of one analog input pin (ANInm) is A/D converted four times and the results are
stored in the ADANCRm register.
When the 4th A/D conversion ends, an A/Dn conversion end interrupt request signal (INTADn) is generated.
After the end of A/D conversion, the conversion is started again from the beginning, unless the
ADANMO.ADANCE bit is cleared to 0. It is not necessary to set (1) the ADAnNMO0.ADANCE bit to restart A/D

Note

conversion .

Note In the software trigger continuous select 4-buffer mode, the A/D conversion operation is not stopped
unless the ADANMO.ADANCE bit is cleared to 0. If the ADANCRm register is not read before the next
A/D conversion ends, it is overwritten.

This mode is suitable for applications in which the average of the A/D conversion results of one analog input
pin is calculated.

Analog Input Pin A/D Conversion Result Register
ANInm ADANCRO
ANInm ADANCR1
ANInm ADANCR2
ANInm ADANCRS3

Remark n=0,1
m=0to 3

Figure 11-11. Example of 4-Buffer Mode Operation (Software Trigger Continuous Select: 4 Buffers)

ADAOMO O ANI0O O ADAOCRO
ANIO1 O / ADAOCR1
ANIO2 W% A/D converter 0 4O\> ADAOCR2
ANI03 O ADAOCR3
(1) The ADAOCE bit = 1 (enable) (7) The conversion result is stored in the ADAOCR2 register
(2) The ANIO2 pin is A/D converted (8) The ANIO2 pin is A/D converted
(3) The conversion result is stored in the ADAOCRO register (9) The conversion result is stored in the ADAOCRS3 register
(4) The ANIO2 pin is A/D converted (10) The INTADO interrupt request signal is generated
(5) The conversion result is stored in the ADAOCR1 register (11) Return to (2)
(6) The ANIO2 pin is A/D converted (12) To end the conversion, the ADAOCE bit = 0 (stop)

Remark This is an operation example with the following setting.
ADAOMO.ADAOMD1 and ADAOMO0.ADAOMDO bits = 00, ADAOMO.ADAOTMD bit = 0,
ADAOM2.ADAOBS bit = 1, ADA0S.ADA0S1 and ADA0S.ADAOSO bits = 10
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11.5.2 Continuous scan mode operations

In this mode, the analog input pins (ANInm) specified by the ADANS register are selected sequentially from the
ANINnO pin, and A/D conversion is executed continuously. The A/D conversion results are stored in the ADANCRm

register corresponding to the analog input pin.

When conversion of all the specified analog input pins ends, the A/Dn conversion end interrupt request signal
(INTADnN) is generated. After the end of A/D conversion, the conversion is started again from the ANInO pin, unless
It is not necessary to set (1) the ADANMO.ADANCE bit to restart A/D

the ADAnMO.ADANCE bit is cleared to 0.

Note

conversion .

In the continuous scan mode, only the 1-buffer mode is supported.

Note In the software trigger continuous scan mode, the A/D conversion operation is not stopped unless the
ADANMO.ADANCE bit is cleared to 0. If the ADANCRm register is not read before the next A/D conversion

ends, it is overwritten.

This mode is suitable for applications in which multiple analog inputs are constantly monitored.

Analog Input Pin A/D Conversion Result Register
ANInO ADANCRO
ANInm"* ADANCRm

Note Set by the ADANS.ADANSO and ADANnS.ADANS1 bits.

Remark n=0,1
m=0to 3

Figure 11-12. Example of Continuous Scan Mode Operation (Software Trigger Continuous Scan)

ADAOMO ANIoo O
ANIO1 O
ANI02 O
ANI03 O

1) The ADAOCE bit = 1 (enable)
2) The ANIOO pin is A/D converted

4) The ANIO1 pin is A/D converted

(
(
(3) The conversion result is stored in the ADAOCRO register (8
(
(

ADAOCRO
1\0— /{ ADAOCR1
A A/D converter 0 40\ ADAOCRZ
ADAOCRS3

®
7

(9) Returnto (2)

Remark This is an operation example with the following setting.
ADAOMO.ADAOMD1 and ADAOMO.ADAOMDO bits = 01, ADAOMO0.ADAOTMD bit = 0,
ADAOM2.ADAOBS bit = 0, ADA0S.ADA0S1 and ADA0S.ADAOSO bits = 10

) The ANIO2 pin is A/D converted
) The conversion result is stored in the ADAOCR2 register
) The INTADO interrupt request signal is generated

5) The conversion result is stored in the ADAOCR1 register (10) To end the conversion, the ADAOCE bit = 0 (stop)
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11.5.3 One-shot select mode operations

In this mode, the analog input pin (ANInm) specified by the ADANS register is A/D converted continuously. The
conversion results are stored in the ADANCRm register. In the one-shot select mode, the 1-buffer mode and 4-buffer
mode are supported according to the method of storing the A/D conversion results.

Remark n=0,1
m=0to 3

(1) 1-buffer mode (software trigger one-shot select: 1 buffer)
In this mode, the voltage of one analog input pin (ANInm) is A/D converted once. The conversion results are
stored in one ADANnCRm register. The ANInm pin and the ADAnCRm register correspond one to one.
Each time an A/D conversion is executed, an A/Dn conversion end interrupt request signal (INTADn) is
generated and A/D conversion ends. After the end of A/D conversion, the conversion operation is stopped.
If the ADAnNMO.ADANCE bit is set (1), A/D conversion can be restarted.
This mode is suitable for applications in which the results of each first-time A/D conversion are read.

Analog Input Pin A/D Conversion Result Register

ANInm ADANCRm

Remark n=0,1
m=0to 3

Figure 11-13. Example of 1-Buffer Mode Operation (Software Trigger One-Shot Select: 1 Buffer)

ADAOMO O ANI00 O ADAOCRO
ANI01 O ADAOCR1
ANIG2 O /Qﬁ A/D converter 0 4@\ ADACCRZ
ANI03 O ADAOCR3
(1) The ADAOCE bit = 1 (enable) (4) The ADAOMO.ADAOEF bit=0
(2) The ANIO2 pin is A/D converted (5) The INTADO interrupt request signal is generated

(3) The conversion result is stored in the ADAOCR2 register

Remark This is an operation example with the following setting.
ADAOMO.ADAOMD1 and ADAOMO.ADAOMDO bits = 10, ADAOMO.ADAOTMD bit = 0,
ADAOM2.ADAOBS bit = 0, ADA0OS.ADAOS1 and ADAOS.ADAOSO bits = 10
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)

4-buffer mode (software trigger one-shot select: 4 buffers)

In this mode, the voltage of one analog input pin (ANInm) is A/D converted four times and the results are
stored in the ADAnNCRm register.

When the 4th A/D conversion ends, an A/Dn conversion end interrupt request signal (INTADn) is generated.
After the end of A/D conversion, the conversion operation is stopped.

If the ADAnMO.ADANCE bit is set (1), A/D conversion can be restarted.

This mode is suitable for applications in which the average of the A/D conversion results is calculated.

Analog Input Pin A/D Conversion Result Register
ANInm ADANCRO
ANInm ADANCR1
ANInm ADANCR2
ANInm ADANCRS3

Remark n=0,1
m=0to 3

Figure 11-14. Example of 4-Buffer Mode Operation (Software Trigger One-Shot Select: 4 Buffers)

1)
2)
3)
4)
5)

(
(
(
(
(
(6)

Remark This is an operation example with the following setting.

ADAOMO () ANI00O O ADAOCRO
ANI0O1 O / ADAOCR1
ANI02 Oﬁ'% A/D converter 0 4O\> ADAOCR2
ANI03 O ADAOCR3
The ADAOCE bit = 1 (enable) (7) The conversion result is stored in the ADAOCR2 register
The ANIO2 pin is A/D converted (8) The ANIO2 pin is A/D converted
The conversion result is stored in the ADAOCRO register (9) The conversion result is stored in the ADAOCR3 register
The ANIO2 pin is A/D converted (10) The ADAOMO.ADAOEF bit=0

The conversion result is stored in the ADAOCR1 register (11) The INTADO interrupt request signal is generated
The ANIO2 pin is A/D converted

ADAOMO.ADAOMD1 and ADAOMO.ADAOMDO bits = 10, ADAOMO.ADAOTMD bit = 0,
ADAOM2.ADAOBS bit = 1, ADA0OS.ADAOS1 and ADAOS.ADAOSO bits = 10
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11.5.4 One-shot scan mode operations

In this mode, the analog input pins (ANInm) specified by the ADANS register are selected sequentially from the
ANINO pin, and A/D conversion is executed continuously. The A/D conversion results are stored in the ADANCRm
register corresponding to the analog input pin.

When conversion of all the specified analog input pin ends, the A/Dn conversion end interrupt request signal
(INTADnN) is generated. After the end of A/D conversion, the conversion operation is stopped.

If the ADANMO.ADANCE bit is set (1), A/D conversion can be restarted.

In the one-shot scan mode, only the 1-buffer mode is supported.

This mode is suitable for applications in which multiple analog inputs are constantly monitored.

Analog Input Pin A/D Conversion Result Register
ANInO ADANCRO
ANInm"** ADANCRm

Note Set by the ADANS.ADANSO and ADAnS.ADANS1 bits.

Remark n=0,1
m=0to 3

Figure 11-15. Example of One-Shot Scan Mode Operation (Software Trigger One-Shot Scan)

ADAOMO ANI00 O ADAOCRO
ANI0O1 O l /( ADAOCR1

A/D converter 0 —O\>
ANI02 O ADAOCR2

ANI03 O ADAOCR3

The ADAOCE bit = 1 (enable) 6) The ANIO2 pin is A/D converted

The ANIOO pin is A/D converted 7) The conversion result is stored in the ADAOCR2 register
)
)

(1)
@
(3) The conversion result is stored in the ADAOCRO register (8) The ADAOMO.ADAOEF bit =0
4)
®)

—_~ o~

©

The ANIO1 pin is A/D converted ( The INTADO interrupt request signal is generated
The conversion result is stored in the ADAOCR1 register

$))

Remark This is an operation example with the following setting.
ADAOMO.ADAOMD1 and ADAOMO.ADAOMDO bits = 11, ADAOMO0.ADAOTMD bit = 0,
ADAOM2.ADAOBS bit = 0, ADA0S.ADA0S1 and ADA0S.ADAOSO bits = 10
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11.6 Operation in Timer Trigger Mode

With A/D converter n, the conversion timing is specified by using the A/D conversion start trigger signal
(TQTADT1n) from the timer (motor control function) (see Figure 11-2).

o Timer trigger of A/D converter 0: TQTADT10
o Timer trigger of A/D converter 1: TQTADT11

The TQTADT1n signal is set by using the TQ1ATO00 to TQ1AT03 bits of TMQ1 option register 2 (TQ10OPT2) and
the TQ1AT10 to TQ1AT13 bits of TMQ1 option register 3 (TQ1OPT3). The trigger sources of the motor control
function that can be selected as the A/D conversion start trigger, which is a timer trigger, are the INTTP1CCO,
INTTP1CC1, INTTQ1CCO, and INTTQ10OV signals (two or more signals can be selected).

When the ADAnNM2.ADANTMD1 bit is set 1, A/D conversion is started at the rising edge of the A/D conversion start
trigger signal (TQTADT1n) selected for the motor control function.

When the ADAnNMO.ADANCE bit is set to 1, the A/D converter waits for a trigger and, when the A/D conversion start
trigger signal is input, it starts A/D conversion.

After the end of A/D conversion, the conversion result is stored in A/Dn conversion result register m (ADANCRm)
and, at the same time, the A/Dn conversion end interrupt request signal (INTADn) is generated.

After the end of A/D conversion, the A/D converter waits for a trigger regardless of the operation mode set by the
ADANMO0.ADANMD1 and ADAnM0.ADANMDO bits.

When conversion is started, the ADANMO.ADANEF bit is set to 1 (conversion in progress). However, while the A/D
converter is waiting for a trigger, the ADANMO.ADANEF bit = 0 (conversion stopped).

If a valid trigger is input during A/D conversion, the conversion operation is stopped and started again from the
beginning. If the ADAnMO, ADAnNM2, and ADANS registers are written during A/D conversion, the conversion is
stopped and the A/D converter waits for a trigger again.

Caution In timer trigger mode, make sure that the A/D conversion start trigger signal (A/D conversions
start timing) is not generated at an interval shorter than the minimum number of conversion
clocks that can be specified by the ADAnM1.ADAnFR1 and ADAnM1.ADANFRO bits. If the A/D
conversion start trigger signal is generated at an interval shorter than the minimum number of
conversion clocks, the last trigger is valid.

Remark n=0,1
m=0to 3
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11.6.1 Continuous select mode/one-shot select mode operations

In this mode, the voltage of the analog input pin (ANInm) specified by the ADANS register is A/D converted. The
conversion results are stored in the ADANCRm register. In the continuous select mode or one-shot select mode, the

1-buffer mode and 4-buffer mode are supported according to the method of storing the A/D conversion results.

Remark n=0,1
m=0to 3

(1) 1-buffer mode operation (1 buffer of continuous select/one-shot select by timer trigger)

In this mode, the voltage of one analog input pin (ANInm) is A/D converted once using the A/D conversion start

trigger signal from the timer (motor control function) as a trigger, and the results are stored in one ADANCRm

register. The ANInm pin and the ADAnCRm register correspond one to one.

An A/Dn conversion end interrupt request signal (INTADnN) is generated for each A/D conversion. After the end

of A/D conversion, the A/D converter waits for a trigger.

This mode is suitable for applications in which the results of each first-time A/D conversion are read.

Analog Input Pin A/D Conversion Result Register

ANInm ADANCRm

Remark n=0,1
m=0to3

Figure 11-16. Example of 1-Buffer Mode Operation
(1 Buffer of Continuous Select/One-Shot Select by Timer Trigger)

A/D conversion start ANI0O O ADAOCRO
trigger signal from timer ()———— ANI0O1 O ADAOCR1
(motor control function) ~*O——{AD converter 0 40/
ANI02 O ADAOCR2
ANI03 O ADAOCR3
(1) The ADAOCE bit = 1 (enable) (5) The ADAOMO.ADAOEF bit=0
(2) The A/D conversion start trigger signal from the timer (6) The INTADO interrupt request signal is generated
(motor control function) is generated (7) If next trigger is input, return to (3)
(3) The ANIO1 pin is A/D converted (8) To end the conversion, the ADAOCE bit = 0 (stop)

(4) The conversion result is stored in the ADAOCR1 register

Remark This is an operation example with the following setting.

ADAOMO.ADAOMD1 and ADAOMO.ADAOMDO bits = 00 or 10, ADAOMO.ADAOTMD bit = 1,

ADAOM2.ADAOBS bit = 0, ADAOM2.ADAOTMD1 bit =1,
ADAO0S.ADA0S1 and ADA0S.ADA0SO bits = 01
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(2) 4-buffer mode operation (4 buffers of continuous select/one-shot select by timer trigger)
In this mode, the voltage of one analog input pin (ANInm) is A/D converted four times using the A/D conversion
start trigger signal from the timer (motor control function) as a trigger, and the results are stored in the
ADANCRm register.
The A/Dn conversion end interrupt request signal (INTADn) is generated when the four A/D conversions end.
After the end of A/D conversion, the A/D converter waits for a trigger.
This mode is suitable for applications in which the average of the A/D conversion results is calculated.

Analog Input Pin | A/D Conversion Result Register
ANInm ADANCRO
ANInm ADANCR1
ANInm ADANCR2
ANInm ADANCR3

Remark n=0,1
m=0to 3

Figure 11-17. Example of 4-Buffer Mode Operation
(4 Buffers of Continuous Select/One-Shot Select by Timer Trigger)

ANIOO O ADAOCRO

ANIO1 O /\> ADAOCR

A/D conversion start
trigger signal from timer O
(motor control function)

O— AD convertero —O
ANI02 Q&’ ADAOCR2

ADAOCR3

ANI03 O

(1) The ADAOCE bit = 1 (enable) (8) The conversion result is stored in the ADAOCR2 register
(2) The A/D conversion start trigger signal from the timer (9) The ANIO2 pin is A/D converted
(motor control function) is generated (10) The conversion result is stored in the ADAOCR3 register
(3) The ANIO2 pin is A/D converted (11) The ADAOMO.ADAOQEF bit =0
(4) The conversion result is stored in the ADAOCRO register (12) The INTADO interrupt request signal is generated
(5) The ANIO2 pin is A/D converted (13) If next trigger is input, return to (3)
(6) The conversion result is stored in the ADAOCRT register (14) To end the conversion, the ADAOCE bit = 0 (stop)
(7) The ANIO2 pin is A/D converted

Remark This is an operation example with the following setting.
ADAOMO.ADAOMD1 and ADAOMO.ADAOMDO bits = 00 or 10, ADAOMO.ADAOTMD bit = 1,
ADAOM2.ADAOBS bit = 1, ADAOM2.ADAOTMD1 bit = 1,
ADAOS.ADA0S1 and ADAOS.ADAOSO bits = 10
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11.6.2 Continuous scan mode/one-shot scan mode operations

In this mode, the analog input pins (ANInm) specified by the ADANS register are selected sequentially from the
ANINnO pin using the A/D conversion start trigger signal from the timer (motor control function) as a trigger and A/D
conversion is performed continuously. The A/D conversion results are stored in the ADANCRm register corresponding
to the analog input pin.

When conversion of all the specified analog input pins ends, the A/Dn conversion end interrupt request signal
(INTADn) is generated. After the end of A/D conversion, the A/D converter waits for a trigger.

This mode is suitable for applications in which multiple analog input pins are constantly monitored.

In the continuous scan mode or one-shot scan mode, only the 1-buffer mode is supported.

Analog Input Pin A/D Conversion Result Register
ANInO ADANnCRO
ANIn1 ADANCR1
ANIn2 ADANnCR2
ANIn3 ADANCR3

Remark n=0,1
m=0to 3

Figure 11-18. Example of Scan Mode Operation (Continuous Scan/One-Shot Scan by Timer Trigger)

ANI00 O ADAOCRO

_ ANIO1 O / ADAOCR1
A/D conversion start l B— AD converter 0 [—CJ l
—~ '

trigger signal from timer ANI02 O ADAOCR2
(motor control function) ANIO3 O ADAOCR3

(1) The ADAOCE bit = 1 (enable) (7) The ANIO2 pin is A/D converted

(2) The A/D conversion start trigger signal from the timer (8) The conversion result is stored in the ADAOCR2 register

(motor control function) (9) The ADAOMO.ADAOEF bit =0

(8) The ANIOO pin is A/D converted (10) The INTADO interrupt request signal is generated

(4) The conversion result is stored in the ADAOCRO register (11) If next trigger is input, return to (3)

(5) The ANIO1 pin is A/D converted (12) To end the conversion, the ADAOCE bit = 0 (stop)

(6) The conversion result is stored in the ADAOCR1 register

Remark This is an operation example with the following setting.
ADAOMO0.ADAOMD1 and ADAOMO0.ADAOMDO bits = 01 or 11, ADAOMO.ADAOTMD bit = 1,
ADAOM2.ADAOBS bit = 0, ADAOM2.ADAOTMD1 bit = 1,
ADAOS.ADAO0S1 and ADAOS.ADAOSO bits = 10
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11.7 Operation in External Trigger Mode

In the external trigger mode, the analog input pins (ANInO to ANIn3) are A/D converted at the ADTRGn pin input
timing.

The ADTRGO pin has an alternate function as the P0O4/INTP4 pin and the ADTRG1 pin has an alternate function as
the PO5/INTP5 pin. To set the external trigger mode, set the PMCO04 bit of port mode control register 0 (PMCO) to 1
and the ADAOM2.ADAOTMD1 bit to 0 with A/D converter 0. With A/D converter 1, set the PMCO05 bit of port mode
control register 0 (PMCO) to 1 and the ADATM2.ADA1TMD1 bit to 0.

For the valid edge of the external input signal in the external trigger mode, the rising edge, falling edge, or both
rising and falling edges can be specified by setting the ADAnNMO.ADANETS1 and ADANMO.ADANETSO bits.

When the ADANMO.ADANCE bit is set (1), the A/D converter waits for a trigger and, when the trigger is input from
the ADTRG pin, starts A/D conversion.

After the end of A/D conversion, the conversion result is stored in A/Dn conversion result register m (ADANCRm)
and, at the same time, the A/Dn conversion end interrupt request signal (INTADN) is generated.

After the end of A/D conversion, the A/D converter waits for a trigger regardless of the operation mode set by the
ADANMO0.ADANMD1 and ADAnM0.ADANMDO bits.

When conversion is started, the ADAnNMO.ADANEF bit is set to 1 (conversion in progress). However, while the A/D
converter is waiting for a trigger, the ADANEF bit = 0 (conversion stopped).

If a valid trigger is input during A/D conversion, the conversion operation is stopped and started again from the
beginning. If the ADANMO, ADAnM2, and ADANS registers are written during A/D conversion, the conversion is
stopped and the A/D converter waits for a trigger again.

Remark n=0,1
m=0to 3
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11.7.1 Continuous select mode/one-shot select mode operations
In this mode, the analog input pin (ANInm) specified by the ADANS register is A/D converted. The conversion
results are stored in the ADANCRm register. In the continuous select mode or one-shot select mode, there are two

select modes: 1-buffer mode and 4-buffer mode, according to the method of storing the A/D conversion results.

Remark n=0,1
m=0to 3

(1) 1-buffer mode (1 buffer of continuous select/one-shot select by external trigger)
In this mode, the voltage of one analog input pin (ANInm) is A/D converted once using the ADTRGn signal as
a trigger. The conversion results are stored in one ADANCRm register. The ANInm pin and the ADAnCRm

register correspond one to one.
The A/Dn conversion end interrupt request signal (INTADn) is generated for each A/D conversion. After the
end of A/D conversion, the A/D converter waits for a trigger.

This mode is suitable for applications in which the results of each first-time A/D conversion are read.

Analog Input Pin

A/D Conversion Result Register

ANInm

ADANCRm

Remark n=0,1

m=0to3

Figure 11-19. Example of 1-Buffer Mode Operation
(1 Buffer of Continuous Select/One-Shot Select by External Trigger)

1

3
4

ANI0O O ADAOCRO
ANIO1 O ADAOCR1
SO ADconvertero [0
ADTRGO O——— ANIO2 O ~——| ADAOCR2
ANI03 O ADAOCRS3

(1) The ADAOCE bit = 1 (enable)

(2) The external trigger signal (ADTRGO) is generated
(3) The ANIO2 pin is A/D converted

(4) The conversion result is stored in the ADAOCR2 register (8

[$))

—

The ADAOMO.ADAOEF bit = 0

The INTADO interrupt request signal is generated
If next trigger is input, return to (3)

To end the conversion, the ADAOCE bit = 0 (stop)

Remark This is an operation example with the following setting.
ADAOMO.ADAOMD1 and ADAOMO.ADAOMDO bits = 00 or 10, ADAOMO.ADAOTMD bit = 1,
ADAOM2.ADAOBS bit = 0, ADAOM2.ADAOTMD1 bit = 0,
ADAOS.ADA0S1 and ADA0S.ADAOSO bits = 10
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(2) 4-buffer mode (4 buffers of continuous select/one-shot select by external trigger)
In this mode, the voltage of one analog input pin (ANInm) is A/D converted four times using the ADTRGn
signal as a trigger and the results are stored in the ADANCRm register (n =0, 1, m =0 to 3).
The A/Dn conversion end interrupt request signal (INTADn) is generated when the four A/D conversions end.
After the end of A/D conversion, the A/D converter waits for a trigger.
This mode is suitable for applications in which the average of the A/D conversion results is calculated.

Analog Input Pin A/D Conversion Result Register
ANInm ADANCRO
ANInm ADANCR1
ANInm ADANCR2
ANInm ADANCR3

Remark n=0,1
m=0to 3

Figure 11-20. Example of 4-Buffer Mode Operation
(4 Buffers of Continuous Select/One-Shot Select by External Trigger)

ANI00 O ADAOCRO
ANI01 O J ADAOCR1
4) _(O—— A/D converter 0 \

(%
ADTRGOO—— ANIO2 O ——7 ADAOCR2
ANI03 O ADAOCR3

(1) The ADAOCE bit = 1 (enable) (8) The conversion result is stored in the ADAOCR2 register
(2) The external trigger signal (ADTRGO) is generated (9) The ANIO2 pin is A/D converted

(8) The ANIO2 pin is A/D converted (10) The conversion result is stored in the ADAOCRS register
(4) The conversion result is stored in the ADAOCRO register (11) The ADAOMO.ADAOEF bit = 0

(5) The ANIO2 pin is A/D converted (12) The INTADO interrupt request signal is generated

(6) The conversion result is stored in the ADAOCRT register (13) If next trigger is input, return to (3)

(

[N
~

The ANIO2 pin is A/D converted (14) To end the conversion, the ADAOCE bit = 0 (stop)

Remark This is an operation example with the following setting.
ADAOMO.ADAOMD1 and ADAOMO0.ADAOMDO bits = 00 or 10, ADAOMO.ADAOTMD bit = 1,
ADAOM2.ADAOBS bit = 1, ADAOM2.ADAOTMD1 bit = 0,
ADAO0S.ADA0S1 and ADA0OS.ADA0SO bit = 10
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11.7.2 Continuous scan mode/one-shot scan mode operations

In this mode, the analog input pins (ANInm) specified by the ADANS register are selected sequentially from the
ANINnO pin using the ADTRGn signal as a trigger, and A/D converted continuously. The A/D conversion results are
stored in the ADAnNCRm register corresponding to the analog input pin.

When conversion of all the specified analog input pins ends, the A/Dn conversion end interrupt request signal
(INTADnN) is generated. After the end of A/D conversion, the A/D converter waits for a trigger.

This is most suitable for applications in which multiple analog inputs are constantly monitored.

Analog Input Pin A/D Conversion Result Register
ANInO ADANCRO
ANIn1 ADANCR1
ANIn2 ADANCR2
ANIn3 ADANCR3

Remark n=0,1
m=0to 3

Figure 11-21. Example of Scan Mode Operation (Continuous Scan/One-Shot Scan by External Trigger)

ANI0OO O ADAOCRO
ANIo1 O / ADAOCR1
O—— AD convertero |—O
ANI02 O \ ADAOCR2
ADTRGO ANI03 O ADAOCR3

(1) The ADAOCE bit = 1 (enable) (8) The conversion result is stored in the ADAOCR2 register
(2) The external trigger signal (ADTRGO) is generated (9) The ANIO3 pin is A/D converted
(8) The ANIOO pin is A/D converted (10) The conversion result is stored in the ADAOCRS3 register
(4) The conversion result is stored in the ADAOCRO register (11) The ADAOMO.ADAOEF bit =0
(5) The ANIOT1 pin is A/D converted (12) The INTADO interrupt request signal is generated
(6) The conversion result is stored in the ADAOCRI register (13) If next trigger is input, return to (3)
(7) The ANIO2 pin is A/D converted (14) To end the conversion, the ADAOCE bit = 0 (stop)

Remark This is an operation example with the following setting.
ADAOMO0.ADAOMD1 and ADAOMO0.ADAOMDO bits = 01 or 11, ADAOMO.ADAOTMD bit = 1,
ADAOM2.ADAOBS bit = 0, ADAOM2.ADAOTMD1 bit = 0,
ADAOS.ADAO0S1 and ADAOS.ADAOSO bits = 11
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11.8 Internal Equivalent Circuit
The following figure shows the equivalent circuit of the analog input block.

Figure 11-22. ANInm Pin Internal Equivalent Circuit

R
C1 C2
R Ci C2
4.0 kQ 15 pF 4.2 pF

Remarks 1. The maximum values are shown (reference values).
2. n=0,1
m=0to3

Caution A/D converters 0 and 1 perform the first sampling when A/D conversion starts after A/D
initialization. Sampling power is almost fully charged during this period. Therefore, the
sampling error can be calculated under this condition. After that, the converters perform the
second sampling to correct the error.

The sampling period of A/D converters 0 and 1 is from the start of conversion to the end of the
second sampling period. Avoid noise during this period.

Samplingvoltage |

Time
Number of | Number of Number of Number of
trigger AD o . .
acknowledgment | initialization first sampllng second sampllng

clocks clocks clocks clocks

Number of conversion clocks

Total number of A/D conversion clocks
Trigger input INTADN interrupt request

signal generation

ADANnM1 Register Number of A/D Number of First | Number of Second
ADANFR1 Bit | ADANFRO Bit | Initialization Clocks | Sampling Clocks Sampling Clocks

0 1 2 16 18

1 0 3 24 27

1 1 4 32 36
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An example of calculating an overall error of A/D converters 0 and 1 is shown below.

Figure 11-23. Example of Calculating Overall Error of A/D Converters 0 and 1

V850ES/IK1
Vain
Ri R
O — ‘ -
ANInm J_ J_
Co 1 Ci 1 C2
fxx Conversion | A/D Initialization First Second R C1 Cz Co Ri Sampling
(MHz) | Time (us) Clock (us) Sampling (us) | Sampling (us) | (kQ) | (pF) | (pF) | (pF) | (kQ) | Error (LSB)**

32 1.95 0.0625 0.5 0.5625 4.0 15 4.2 100 1.0 18.4
(62 clocks) (2 clocks) (16 clocks) (18 clocks) 100 05 0.0

100 | 0.25 0.1 or lower

100 0.1 0.1 or lower

50 1.0 1.0

50 0.5 0.1 or lower

50 0.25 0.1 or lower

50 |0.125| 0.1 or lower

Note The error when considering the signal source impedance is “sampling error + overall error”.

Remarks 1.

These values are reference values calculated by simulating what happens to Cz voltage by Ri
and Co when Vain is applied from 0 V to 5 V at the same time as sampling start.

n=0,1

m=0to 3

fxx: System clock frequency
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11.9 Notes on Operation

11.9.1 Stopping conversion operation

When the ADAnNMO0.ADANCE bit is cleared to 0 during a conversion operation, the conversion operation stops and
the conversion results are not stored in A/Dn conversion result register m (ADANCRm).

The ADANCE bit is not cleared to 0 even after the A/Dn conversion end interrupt request signal (INTADn) has been
generated in all modes.

Remark n=0,1, m=0to3

11.9.2 Timer/external trigger interval

Make sure that the occurrence interval of the trigger in timer trigger mode or external trigger mode is longer than
the total number of conversion clocks specified by the ADAnM1.ADAnFR1 and ADANM1.ADANFRO bits (see Table
11-2 Number of Conversion Clocks).

(1) When 0 < trigger occurrence interval < total number of A/D conversion clocks
When the timer/external trigger is input during a conversion operation, the conversion operation is aborted and
the conversion starts according to the last timer/external trigger input.
When conversion operations are aborted, the conversion results from the conversion operation immediately
before are not stored in the ADANCRm register. Note, therefore, that the generation of the INTADn signal and
storing of the result in the ADANCRm register are not guaranteed.

Remark n=0,1,m=0t03

(2) When trigger occurrence interval > total number of A/D conversion clocks
The INTADn signal is generated, and the value at the end of conversion is correctly stored in the ADANCRm
register. Design so that the trigger occurrence interval is equal or greater than the total number of A/D
conversion clocks.

Remark n=0,1, m=0t03
11.9.3 Operation in standby mode

(1) HALT mode
In this mode, A/D conversion continues.

(2) IDLE mode, STOP mode

As clock supply to A/D converters 0 and 1 is stopped, no conversion operations are performed.

When these modes are released by the maskable interrupt request signal input pin"*®, the ADANMO, ADANM1,
ADANM2, and ADANS registers and A/Dn conversion result register m (ADAnCRm) hold their values.
However, when the IDLE or STOP mode is set during a conversion operation, the conversion operation is
suspended. At this time, if the mode released by the maskable interrupt request signal input pin"*, the
conversion operation resumes. At this time, the A/Dn conversion end interrupt request signal (INTADn) may
be generated, but the conversion result written to the ADAnNCRm register will be undefined.

Note INTPO to INTP5
Remark n=0,1,m=0t03
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11.9.4 Timer interrupt request signal in timer trigger mode

The timer interrupt request signal (TQTADT1n) becomes an A/D conversion start trigger and starts the conversion
operation. When this happens, the timer interrupt request signal also functions as an interrupt for the CPU. In order
to prevent the generation of interrupts for the CPU, disable interrupts using the mask bits of the interrupt control
register.

Remark n=0,1

11.9.5 Re-conversion start trigger input during stabilization time
If the stabilization time end timing and the register writing conflict or the stabilization time end timing and the trigger
input conflict, the stabilization time is inserted again.

11.9.6 Variation of A/D conversion results

The results of the A/D conversion may vary depending on the fluctuation of the supply voltage, or may be affected
by noise. To reduce the variation, take counteractive measures with the program, such as by averaging the A/D
conversion results.

11.9.7 A/D conversion result hysteresis characteristics

Successive comparison type A/D converters hold an analog input voltage in an internal sample & hold capacitor
and then perform A/D conversion. After the A/D conversion has finished, the analog input voltage remains in the
internal sample & hold capacitor. As a result, the following phenomena may occur.

e When the same channel is used for A/D conversions, if the voltage is higher or lower than the previous A/D
conversion, then hysteresis characteristics may appear where the conversion result is affected by the previous
value. Even if the conversion were to be performed at the same potential, the results may thus vary.

* When switching the analog input channel, hysteresis characteristics may appear where the conversion result is
affected by the previous channel value. This is because one A/D converter is used for the A/D conversions.
Even if the conversion were to be performed at the same potential, the results may thus vary.

To obtain more accurate conversion results, execute A/D conversion twice consecutively on the same channel, and
discard the first conversion result.
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<R> 11.9.8 Restrictions on setting one-shot mode and software trigger mode

When data is written to any of the ADAnMO, ADANM2, and ADANS registers upon completion of A/D conversion
while A/D converters 0 and 1 are set in the one-shot select mode and software trigger mode (ADANMO register =
1010XX0XB) or one-shot scan mode and software trigger mode (ADANMO register = 1011XX0XB), re-conversion
should be performed under a new condition. However, the re-conversion operation is not performed but the
conversion operation is enabled (ADAnNMO.ADANCE bit = 1) and stopped (ADANMO.ADANEF bit = 0). The A/Dn
conversion end interrupt request signal (INTADn) is not generated, nor is the last A/D conversion result stored. The
data is correctly written to any of the ADAnMO, ADAnM2, and ADANS registers, though.

If this happens, operation can return to the normal state by setting the ADAnMO.ADANCE bit to 1.

For example, if the ANInO and ANIn1 pins are set in the scan mode (ADANS register = 00000001B) and data is
written to the ADANMO register upon completion of an A/D conversion operation in the one-shot scan mode and
software trigger mode (ADANnMO register = 1011XX0XB), the ANInO pin signal is correctly converted and the
conversion result is correctly stored in the ADANCRO register. However, the result of converting the ANIn1 pin signal,
which has been performed immediately before the completion of A/D conversion, is not stored in the ADANCR1
register, nor is the INTADn interrupt request signal generated.

[Countermeasure]
Implement any of the following.

<1> Before writing to any of the ADAnNMO, ADAnM2 and ADANS registers, confirm that A/D conversion is stopped
(ADANMO.ADANEF bit = 0).

<2> After disabling the interrupt (PSW.ID bit = 1), execute an instruction that writes data to any of the ADANMO,
ADANM2 and ADANS registers, and an instruction that sets the ADAnNMO0.ADANCE bit to 1 consecutively, and
then enable the interrupt (PSW.ID bit = 0).
This action is to avoid a conflict between the completion of A/D conversion and writing to the ADAnMO,
ADANnM2, or ADANS register. If, for example, executing a write instruction and the completion of A/D
conversion conflicts and thus the A/D conversion is stopped, A/D conversion can be started by setting of the
ADANCE bit to 1. If the ADAnNMO.ADANCE bit = 1, the ADANCE bit is set to 1 again consecutively.

<3> Disable A/D conversion by clearing the ADANnCE bit to O, write data to any of the ADAnMO, ADAnM2 and
ADARS registers, enable A/D conversion by setting the ADANCE bit to 1, and then start the A/D conversion.
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11.10 How to Read A/D Converter Characteristics Table
Here, special terms unique to the A/D converter are explained.

(1) Resolution
This is the minimum analog input voltage that can be identified. That is, the percentage of the analog input
voltage per bit of digital output is called 1 LSB (Least Significant Bit). The percentage of 1 LSB with respect to
the full scale is expressed by %FSR (Full Scale Range). %FSR indicates the ratio of analog input voltage that
can be converted as a percentage, and is always represented by the following formula regardless of the
resolution.

1%FSR = (Max. value of analog input voltage that can be converted — Min. value of analog input voltage that
can be converted)/100
= (AVRern — 0)/100
= AVRern/100

1 LSB is as follows when the resolution is 10 bits.

1LSB=1/2"=1/1,024
= 0.098%FSR

Accuracy has no relation to resolution, but is determined by overall error.

(2) Overall error
This shows the maximum error value between the actual measured value and the theoretical value.
Zero-scale error, full-scale error, linearity error and errors that are combinations of these express the overall
error.
Note that the quantization error is not included in the overall error in the characteristics table.

Figure 11-24. Overall Error

Tevr 1
Ideal line
5
I=
=]
° =
8 Overall
g’ error
[0 T 0 N
0 AVREFn

Analog input
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(3) Quantization error
When analog values are converted to digital values, a +1/2 LSB error naturally occurs. In an A/D converter, an

analog input voltage in a range of +1/2 LSB is converted to the same digital code, so a quantization error

cannot be avoided.

Note that the quantization error is not included in the overall error, zero-scale error, full-scale error, integral

linearity error, and differential linearity error in the characteristics table.

Figure 11-25. Quantization Error
1ol

=]

o

5

o L

5T

=) 'A -

a [1/2LSB—" Quantization error

! =1/2LSB

0....--0

0
AVRern
Analog input

(4) Zero-scale error
This shows the difference between the actual measurement value of the analog input voltage and the

theoretical value (1/2 LSB) when the digital output changes from O...... 000to O

...... 001.

Figure 11-26. Zero-Scale Error
111L
m .
3 Ideal line
™ 100} N\
5] :
g Zero-scale error '
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o '
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000

Analog input (LSB)
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(5) Full-scale error
This shows the difference between the actual measurement value of the analog input voltage and the
theoretical value (full-scale value — 3/2 LSB) when the digital output changes from 1...... 110to 1...... 111.

Figure 11-27. Full-Scale Error

Full-scale error

P

Digital output (lower 3 bits)

0 AVRern—3 AVrern—2 AVRern—1 AVRern
Analog input (LSB)

(6) Differential linearity error
While the ideal width of code output is 1 LSB, this indicates the difference between the actual measurement
value and the ideal value.
This indicates the basic characteristics of the A/D conversion when the voltage applied to the analog input pins
of the same channel is consistently increased bit by bit from AVssn to AVrern. See 11.10 (2) Overall error for
when the input voltage is increased or decreased, or when two or more channels are used.

Figure 11-28. Differential Linearity Error
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(7) Integral linearity error
This shows the degree to which the conversion characteristics deviate from the ideal linear relationship. It

expresses the maximum value of the difference between the actual measurement value and the ideal straight
line when the zero-scale error and full-scale error are 0.

Figure 11-29. Integral Linearity Error

Ideal line

Digital output
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AVRern
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(8) Conversion time

This expresses the time from when the trigger is generated to when the digital output is obtained.
The sampling time is included in the conversion time in the characteristics table.

(9) Sampling time

This is the time the analog switch is turned on for the analog voltage to be sampled by the sample & hold
circuit.

Figure 11-30. Sampling Time
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CHAPTER 12 ASYNCHRONOUS SERIAL INTERFACE A (UARTA)

The V850ES/IK1 incorporates UARTAO and UARTAA1.

121

(@)
@)

OO OO0OO0OO0

Features

Transfer rate: 300 bps to 1.25 Mbps (using peripheral clock (fxx) of 32 MHz and dedicated baud rate generator)
Full-duplex communication: Internal UARTA receive data register n (UAnRX)
Internal UARTA transmit data register n (UANTX)

2-pin configuration: TXDAn: Transmit data output pin
RXDAnN: Receive data input pin
Reception error output function

o Parity error

e Framing error

e Overrun error

Interrupt sources: 3

e Reception error interrupt (INTUANRE):

o Reception end interrupt (INTUANR):

e Transmission enable interrupt (INTUANT):

Character length: 7, 8 bits

Parity function: Odd, even, 0, none
Transmission stop bit: 1, 2 bits
On-chip dedicated baud rate generator
MSB-/LSB-first transfer selectable

This interrupt is generated by ORing the three types of
reception errors

This interrupt occurs upon transfer of receive data from the
shift register to the UANRX register after serial transfer end, in
the reception enabled status.

This interrupt occurs upon transfer of transmit data from the
UANTX register to the shift register in the transmission enabled
status.

Transmit/receive data inverted input/output possible

Remark n=0,1
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12.2 Configuration

The block diagram of the UARTAN is shown below.

<R> Figure 12-1. Block Diagram of UARTANn
S Internal bus S
INTUANT = VA
INTUANR~———| o [ 2
Reception unit i Transmission
' UAnRX ' E unit UANTX '
Receive | i Reception : t MTransmission| [ Transmit |
i [shiftregister | & controller . | controller shift register| &
: i : ; : — :
Filter Baud rate |~ i~| Baud rate Selector : ©TXDAN
T generator ™| generator
: : Sty M ©ORXDAN
' Selector I '
+—— Parity
H Framing H
Overrun
5 )y INTUANRE
fxx to fxx/2048 —| 8 §
o0
Og |
UANCTLA
UANnCTLO UANCTL2 UANSTR UANnOPTO
S Internal bus
Remarks 1. n=0, 1
2. For the configuration of the baud rate generator, see Figure 12-9.
UARTAR consists of the following hardware units.
Table 12-1. Configuration of UARTAN
Item Configuration
Registers UARTARN control register 0 (UANCTLO)
UARTARN control register 1 (UANCTL1)
UARTAN control register 2 (UANCTL2)
UARTAR option control register 0 (UANOPTO)
UARTAR status register (UANSTR)
UARTARN receive shift register
UARTARN receive data register (UANRX)
UARTARN transmit shift register
UARTAR transmit data register (UAnTX)
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1

2

@)

)

(®)

6)

@)

@®)

©)

UARTAN control register 0 (UANCTLO)
The UANCTLO register is an 8-bit register used to specify the UARTAN operation.

UARTAN control register 1 (UANCTL1)
The UANCTL1 register is an 8-bit register used to select the base clock (fucrk) for the UARTAN.

UARTAN control register 2 (UANCTL2)
The UANCTL2 register is an 8-bit register used to control the baud rate for the UARTAN.

UARTAN option control register 0 (UANOPTO)
The UANOPTO register is an 8-bit register used to control serial transfer for the UARTAN.

UARTAN status register (UAnSTR)
The UAnSTRn register consists of flags indicating the error contents when a reception error occurs. Each one
of the reception error flags is set (to 1) upon occurrence of a reception error.

UARTAN receive shift register

This is a shift register used to convert the serial data input to the RXDAn pin into parallel data. Upon reception
of 1 byte of data and detection of the stop bit, the receive data is transferred to the UAnRX register.

This register cannot be manipulated directly.

UARTAN receive data register (UAnRX)

The UANnRX register is an 8-bit register that holds receive data. When 7 characters are received, 0 is stored in
the highest bit (when data is received LSB first).

In the reception enabled status, receive data is transferred from the UARTAnN receive shift register to the
UANRX register in synchronization with the completion of shift-in processing of 1 frame.

Transfer to the UANRX register also causes the reception end interrupt request signal (INTUANR) to be output.

UARTAN transmit shift register

The UARTAN transmit shift register is a shift register used to convert the parallel data transferred from the
UANTX register into serial data.

When 1 byte of data is transferred from the UANnTX register, the UARTAN transmit shift register data is output
from the TXDAnN pin.

This register cannot be manipulated directly.

UARTAN transmit data register (UAnTX)

The UANTX register is an 8-bit transmit data buffer. Transmission starts when transmit data is written to the
UANTX register. When data can be written to the UANTX register (when data of one frame is transferred from
the UANTX register to the UARTAN transmit shift register), the transmission enable interrupt request signal
(INTUARNT) is generated.
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12.3 Control Registers

(1) UARTAN control register 0 (UANCTLO)
The UANCTLO register is an 8-bit register that controls the UARTAN serial transfer operation.

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

Reset sets this register to 10H.

(1/2)

(n=0,1)

After reset: 10H R/W Address: UAOCTLO FFFFFAOOH, UA1CTLO FFFFFA10H

<7> <6> <5> <4> 3 2 1 0

UANCTLO | UANPWR| UANTXE | UANRXE| UANDIR | UAnPS1 | UANPSO | UAnCL | UAnsL |

UAnPWR UARTAR operation control

0 Disable UARTAN operation (UARTAnN reset asynchronously)

1 Enable UARTAN operation

The UARTAR operation is controlled by the UAnPWR bit. The TXDAn pin output
is fixed to high level by clearing the UANPWR bit to O (fixed to low level if
UANOPTO.UANTDL bit = 1).

UANTXE Transmission operation enable

0 Disable transmission operation

1 Enable transmission operation

e To start transmission, set the UAnNPWR bit to 1 and then set the UAnTXE bit to 1.

e To initialize the transmission unit, clear the UAnTXE bit to 0, wait for two cycles of
the base clock (fucik), and then set the UANTXE bit to 1 again. Otherwise,
initialization may not be executed (for the base clock, see 12.6 (1) (a) Base clock).

* When the operation is enabled (UANPWR bit = 1), the transmission operation is
enabled after two or more cycles of the base clock (fuck) have elapsed since
UANTXE = 1.

¢ When the UAnPWR bit is cleared to 0, the status of the internal circuit becomes
the same status as UAnTXE bit = 0 by the UAnPWR bit even if the UANTXE bit is
1. The transmission operation is enabled when the UANPWR bit is set to 1 again.

UANRXE Reception operation enable

0 Disable reception operation

1 Enable reception operation

e To start reception, set the UAnPWR bit to 1 and then set the UANRXE bit to 1.

¢ To initialize the reception unit, clear the UANRXE bit to 0, wait for two cycles of
the base clock, and then set the UAnRXE bit to 1 again. Otherwise, initialization
may not be executed (for the base clock, see 12.6 (1) (a) Base clock).

* When the operation is enabled (UANPWR bit = 1), the reception operation is
enabled after two or more cycles of the base clock (fucik) have elapsed since
UANnRXE = 1. When a start bit is received before data reception is enabled, the
start bit is ignored.

* When the UANPWR bit is cleared to 0, the status of the internal circuit becomes
the same status as UAnRXE bit = 0 by the UAnPWR bit even if the UANRXE bit is
1. The reception operation is enabled when the UANPWR bit is set to 1 again.
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(2/2)

UANDIRMNete

Transfer direction selection

0

MSB-first t

ransfer

1

LSB-first transfer

UAnPS1Nete JAnPSONets| Parity selection during transmission | Parity selection during reception
0 0 No parity output Reception with no parity
0 1 0 parity output Reception with 0 parity
1 0 QOdd parity output Odd parity check

1

1

Even parity output

Even parity check

If “Reception with 0 parity” is selected during reception, a parity check is not performed.
Therefore, since the UANSTR.UANPE bit is not set, no error interrupt due to a parity
error is output.

UANCLNete| Specification of data character length of 1 frame of transmit/receive data
0 7 bits
1 8 bits
UANnS|Note Specification of length of stop bit for transmit data
0 1 bit
1 2 bits

Only the first bit of the receive data stop bits is checked, regardless of the value of
the UAnSL bit.

Note This register can be rewritten only when the UAnPWR bit = 0 or the UAnTXE bit = UAnRXE bit = 0.
However, setting any or all of the UAnPWR, UANTXE, and UAnRXE bits to 1 at the same time is

possible.

Remark For details of parity, see 12.5.6 Parity types and operations.

(2) UARTAN control register 1 (UANCTL1)
For details, see 12.6 (2) UARTAnN control register 1 (UAnCTL1).

(3) UARTAN control register 2 (UANCTL2)
For details, see 12.6 (3) UARTAN control register 2 (UAnNCTL2).
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(4) UARTAN option control register 0 (UAnOPTO)
The UANOPTO register is an 8-bit register that controls the serial transfer operation of UARTAN.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 14H.

After reset: 14H R/W Address: UAOOPTO FFFFFAO3H, UA1OPTO FFFFFA13H

4 3 2 1 0
vanopto | o | o | o | 1 | o | 1 [uantDL|UAnRDL|
(n=0,1)

UANTDL Transmit data level bit
0 Normal output of transfer data
1 Inverted output of transfer data

* The output level of the TXDAn pin can be inverted using the UANTDL bit.
* This register can be set when the UANCTLO.UAnPWR bit = 0 or when the
UANCTLO.UANTXE bit = 0.

UAnRDL Receive data level bit
0 Normal input of transfer data
1 Inverted input of transfer data

* The input level of the RXDAn pin can be inverted using the UAnRDL bit.

* This register can be set when the UAnNPWR bit = 0 or the UANCTLO.UANRXE bit = 0.

* When the UANRDL bit is set to 1 (inverted input of receive data), reception must be
enabled (UANRXE bit = 1) after setting the data reception pin to the UART reception
pin (RXDAn) when reception is started. When the pin mode is changed after
reception is enabled, the start bit will be mistakenly detected if the pin level is high.

Caution Be sure to clear bits 3 and 5 to 7 to “0”, and set bits 2 and 4 to
“1”. Operation with other settings is not guaranteed.

(5) UARTAN status register (UANSTR)
The UANSTR register is an 8-bit register that displays the UARTAN transfer status and reception error contents.
This register can be read or written in 8-bit or 1-bit units, but the UANTSF bit is a read-only bit, while the
UANPE, UANFE, and UANOVE bits can both be read and written. However, these bits can only be cleared by
writing 0; they cannot be set by writing 1 (even if 1 is written to them, the value is retained).
The initialization conditions are shown below.

Register/Bit Initialization Conditions
UANSTR register o After reset
e UANCTLO.UANPWR bit=0
UANTSF bit e UANCTLO.UANTXE bit=0
UANPE, UANFE, UANOVE bits e 0 write
e UANCTLO.UANRXE bit =0

Caution Be sure to read and check the error flags of the UAnPE, UAnFE, and UAnOVE bits, and clear
the flags by writing “0” to them.
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After reset: 00H R/W

<7>

Address: UAOSTR FFFFFA04H, UA1STR FFFFFA14H

<2> <1> <0>

UANSTR | UANTSF| 0

0 | UANPE | UANFE |UANOVE|

(n=0,1)

UANTSF Transfer status flag

0 * When the UAnPWR bit = 0 or the UAnTXE bit = 0 has been set.
* When, following transfer end, there was no next data transfer from
UANTX register

1 Write to UANTXB bit

The UANTSF bit is always 1 when performing continuous transmission. When
initializing the transmission unit, check that the UANTSF bit = 0 before performing
initialization. The transmit data is not guaranteed when initialization is performed
while the UANTSF bit = 1.

UANnPE Parity error flag

0 ¢ When the UANPWR bit = 0 or the UAnRXE bit = 0 has been set.
* When 0 has been written

1 When parity of data and parity bit do not match during reception.

* The operation of the UANPE bit is controlled by the settings of the
UANCTLO0.UANPS1 and UANCTLO.UANPSO bits.

* The UANPE bit can be read and written, but it can only be cleared by writing O to it,
and it cannot be set by writing 1 to it. When 1 is written to this bit, the value is
retained.

UANFE Framing error flag

0 * When the UANPWR bit = 0 or the UANRXE bit = 0 has been set.
* When 0 has been written

1 When no stop bit is detected during reception

* Only the first bit of the receive data stop bits is checked, regardless of the value
of the UANCTLO.UANSL bit.

* The UANFE bit can be both read and written, but it can only be cleared by writing 0
to it, and it cannot be set by writing 1 to it. When 1 is written to this bit, the value is
retained.

UANOVE Overrun error flag

0 ¢ When the UANPWR bit = 0 or the UAnRXE bit = 0 has been set.
* When 0 has been written

1 When receive data has been set to the UAnRXB register and the next
receive operation is ended before that receive data has been read.

* When an overrun error occurs, the data is discarded without the next receive data
being written to the UAnRX register.

* The UANOVE bit can be both read and written, but it can only be cleared by writing
0 to it, and it cannot be set by writing 1 to it. When 1 is written to this bit, the value

is retained.
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(6) UARTAN receive data register (UAnRX)
The UANRX register is an 8-bit buffer register that stores parallel data converted by the UARTAN receive shift
register.
The data stored in the UARTAN receive shift register is transferred to the UAnRX register upon end of reception
of 1 byte of data. A reception end interrupt request signal (INTUANR) is generated at this timing.
During LSB-first reception when the data length has been specified as 7 bits, the receive data is transferred to
bits 6 to 0 of the UAnRX register and the MSB always becomes 0. During MSB-first reception, the receive data
is transferred to bits 7 to 1 of the UAnRX register and the LSB always becomes 0.
When an overrun error occurs (UANSTR.UANOVE bit = 1), the receive data at this time is not transferred to the
UANRX register and is discarded.
This register is read-only, in 8-bit units.
In addition to reset, the UAnRX register can be set to FFH by clearing the UAnCTLO.UAnPWR bit to 0.

After reset: FFH R Address: UAORX FFFFFAO6H, UA1RX FFFFFA16H

7 6 5 4 3 2 1 0
uAnRX | | | | | | | | |
(n=0,1)

(7) UARTAN transmit data register (UANTX)
The UANTX register is an 8-bit register used to set transmit data.
Transmission starts when transmit data is written to the UANTX register in the transmission enabled status
(UANCTLO.UANTXE bit = 1). When the data of the UANTX register has been transferred to the UARTAN
transmit shift register, the transmission enable interrupt request signal (INTUANT) is generated.
This register can be read or written in 8-bit units.
Reset sets this register to FFH.

After reset: FFH R/W Address: UAOTX FFFFFAO7H, UA1TX FFFFFA17H

7 6 5 4 3 2 1 0
vAnTX | | | | | | | | |
(n=0,1)
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124

The following three interrupt request signals are generated from UARTAN.

¢ Transmission enable interrupt request signal (INTUANT)

Interrupt Request Signals

Reception error interrupt request signal (INTUANRE)

Reception end interrupt request signal (INTUANR)

Among these three interrupt signals, the reception error interrupt signal has the highest default priority, and the

reception end interrupt request signal and transmission enable interrupt request signal follow in this order.

(1) Reception error interrupt request signal (INTUAnRE)

(2

@)

Table 12-2. Interrupts and Their Default Priorities

Interrupt Priority
Reception error High
Reception end )
Transmission enable Low

A reception error interrupt request signal is generated while reception is enabled by ORing the three types of

reception errors (parity error, framing error, and overrun error) explained in the UANSTR register section.

Reception end interrupt request signal (INTUANR)

A reception end interrupt request signal is output when data is shifted into the UARTAN receive shift register

and transferred to the UAnRX register in the reception enabled status.
No reception end interrupt request signal is generated in the reception disabled status.

Transmission enable interrupt request signal (INTUANT)
If transmit data is transferred from the UANTX register to the UARTAN transmit shift register with transmission

enabled, the transmission enable interrupt request signal is generated.
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12.5 Operation

12.5.1 Data format

Full-duplex serial data reception and transmission is performed.

As shown in Figure 12-2, one data frame of transmit/receive data consists of a start bit, character bits, parity bit,
and stop bit(s).

Specification of the character bit length within 1 data frame, parity selection, specification of the stop bit length, and
specification of MSB/LSB-first transfer are performed using the UAnCTLO register.

Moreover, control of UARTAN output/inverted output for the TXDAnR bit is performed using the UAnOPTO.UANTDL
bit.

e Startbit.....cccocee.. 1 bit

e Character bits......... 7 bits/8 bits

e Parity bit................ Even parity/odd parity/0 parity/no parity
e Stop bit.....cccvrueee. 1 bit/2 bits
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Figure 12-2. UARTA Transmit/Receive Data Format

(a) 8-bit data length, LSB first, even parity, 1 stop bit, transfer data: 55H

} 1 data frame |

Start Parity| Stop
bit DO D1 D2 D3 D4 D5 D6 D7 bit bit
(b) 8-bit data length, MSB first, even parity, 1 stop bit, transfer data: 55H
‘ 1 data frame |
Start Parity| Stop
bit D7 D6 D5 D4 D3 D2 D1 DO bit bit

(c) 8-bit data length, MSB first, even parity, 1 stop bit, transfer data: 55H, TXDAn inversion

} 1 data frame }

Start Parity| Stop
bit D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO bit bit

(d) 7-bit data length, LSB first, odd parity, 2 stop bits, transfer data: 36H

} 1 data frame |

Start
bit

Parity | Stop | Stop

DO | D1 D2 | D3 | D4 | D5 | D6 bit bit bit

(e) 8-bit data length, LSB first, no parity, 1 stop bit, transfer data: 87H

} 1 data frame |

Start
bit

Stop

DO | D1 D2 | D3 | b4 | D5 | D6 | D7 bit
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12.5.2 UART transmission

A high level is output to the TXDAn pin by setting the UAnCTLO.UANPWR bit to 1.

Next, the transmission enabled status is set by setting the UANCTLO.UANTXE bit to 1, and transmission is started
by writing transmit data to the UAnTX register. The start bit, parity bit, and stop bit are automatically added.

Since the CTS (transmit enable signal) input pin is not provided in UARTAN, use a port to check that reception is
enabled at the transmit destination.

The data in the UANTX register is transferred to the UARTAN transmit shift register upon the start of the transmit
operation.

A transmission enable interrupt request signal (INTUANT) is generated upon end of transmission of the data of the
UANTX register to the UARTAN transmit shift register, and thereafter the contents of the UARTAN transmit shift register
are output to the TXDAN pin.

Write of the next transmit data to the UANnTX register is enabled by generating the INTUANT signal.

Figure 12-3. UART Transmission

Start Parity| Stop
bit DO | D1 D2 | D3 | D4 | D5 | b6 | D7 bit bit

INTUANT —|

Remarks 1. LSB first
2. n=0,1
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12.5.3 Continuous transmission procedure

UARTAN can write the next transmit data to the UANTX register when the UARTAN transmit shift register starts the
shift operation. The transmit timing of the UARTAN transmit shift register can be judged from the transmission enable
interrupt request signal (INTUANT).

An efficient communication rate is realized by writing the data to be transmitted next to the UANnTX register during
transfer.

Caution During continuous transmission execution, perform initialization after checking that the
UANSTR.UANTSF bit is 0. The transmit data cannot be guaranteed when initialization is
performed while the UAnTSF bit is 1.

Remark n=0,1

Figure 12-4. Continuous Transmission Processing Flow

=

Register settings

UANTX write

Occurrence of transmission
interrupt?

Required number of
writes performed?

D
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Figure 12-5. Continuous Transmission Operation Timing

TXDAnN pin

(a) Transmission start

X XStart:' Data (1) ':'ParityX Stop XStart," Data (2) 'g':ParityX Stop XStar‘(

UANTX register X

Data (1) X

Data (2) X Data (3)

y

Transmission
shift register

INTUANT signal |_|

3 j
Data (1) X Data (2) X:
[ [L

UANTSF bit

TXDAnN pin

(b) Transmission end

Parity Stop | Start; Data (n—1) :{ParityX Stop XStart:' Data (n) :{ParityX Stop

UANTX register Data (n - 1) X Data (n) \
Transmission X Data (n - 1) X Data () / FF
shift register

INTUANT pin |_|

S

UANTSF bit

Remark n=0,1

UANnPWR or UAnTXE bit
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12.5.4 UART reception

The reception wait status is set by setting the UAnCTLO.UANPWR bit to 1 and then setting the UAnCTLO.UANRXE
bit to 1. In the reception wait status, the RXDAn pin is monitored and start bit detection is performed.

Start bit detection is performed using a two-step detection routine.

First the falling edge of the RXDAn pin is detected and sampling is started at the falling edge. The start bit is
recognized if the RXDAnN pin is low level at the start bit sampling point. After a start bit has been recognized, the
receive operation starts, and serial data is saved to the UARTAN receive shift register according to the set baud rate.

When the reception end interrupt request signal (INTUANR) is output upon reception of the stop bit, the data of the
UARTARN receive shift register is written to the UAnRX register. However, if an overrun error occurs (UANSTR.UANOVE
bit = 1), the receive data at this time is not written to the UAnRX register and is discarded.

Even if a parity error (UANSTR.UANPE bit = 1) or a framing error (UANSTR.UANFE bit = 1) occurs during reception,
reception continues until the reception position of the first stop bit, and the INTUANRE signal is output following
reception end.

Remark n=0,1

Figure 12-6. UART Reception

Start Parity Stob
bit DO | Dt D2 | D3 | D4 | D5 | D6 | D7 bit | bit

INTUARR signal |

UANnRX register

Remark v: Start bit sampling point

Cautions 1. Be sure to read the UAnRX register even when a reception error occurs. If the UAnRX register
is not read, an overrun error occurs during reception of the next data, and reception errors
continue occurring indefinitely.

2. The operation during reception is performed assuming that there is only one stop bit. A
second stop bit is ignored.

3. When reception is completed, read the UAnRX register after the reception end interrupt
request signal (INTUAnR) has been generated, and clear the UAnPWR or UAnRXE bit to 0. If
the UAnPWR or UANRXE bit is cleared to 0 before the INTUANR signal is generated, the read
value of the UAnRX register cannot be guaranteed.

4. If receive end processing (INTUANR signal generation) of UARTAn and the UAnPWR bit = 0 or
UANnRXE bit = 0 conflict, the INTUANR signal may be generated in spite of these being no data
stored in the UANnRX register. To end reception without waiting INTUANR signal generation,
be sure to clear (0) the interrupt request flag (UAnRIC.UANRIF), after setting (1) the interrupt
mask flag (UAnRIC.UANRMK) and then set (1) the UAnPWR bit = 0 or UAnRXE bit = 0.
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12.5.5 Reception errors

Errors during a receive operation are of three types: parity errors, framing errors, and overrun errors. Data
reception result error flags are set in the UANSTR register and a reception error interrupt request signal (INTUANRE)
is output when an error occurs.

It is possible to ascertain which error occurred during reception by reading the contents of the UAnNSTR register.

Clear the reception error flag by writing 0 to it after reading it.

Caution The reception end interrupt request signal (INTUAnR) and reception error interrupt request
signal (INTUANRE) are not generated simultaneously. The INTUANR signal is generated when a
reception ends normally. The INTUAnRE signal is generated and the INTUANnR signal is not
generated when a reception error occurs.

Remark n=0,1

o Reception error causes

Error Flag Reception Error Cause
UANnPE Parity error Received parity bit does not match the setting
UANFE Framing error Stop bit not detected
UANOVE Overrun error Reception of next data ended before data was read from UAnRX register
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12.5.6 Parity types and operations
The parity bit is used to detect bit errors in the communication data. Normally the same parity is used on the

transmission side and the reception side.

In the case of even parity and odd parity, it is possible to detect odd-count bit errors. In the case of 0 parity and no
parity, errors cannot be detected.

(@)

(b)

()

(d)

Even parity

(i) During transmission
The number of bits whose value is “1” among the transmit data, including the parity bit, is controlled so as
to be an even number. The parity bit values are as follows.

¢ Odd number of bits whose value is “1” among transmit data: 1
e Even number of bits whose value is “1” among transmit data: 0

(ii) During reception
The number of bits whose value is “1” among the reception data, including the parity bit, is counted, and if
it is an odd number, a parity error is output.

Odd parity

(i) During transmission
Opposite to even parity, the number of bits whose value is “1” among the transmit data, including the parity
bit, is controlled so that it is an odd number. The parity bit values are as follows.

¢ Odd number of bits whose value is “1” among transmit data: 0
¢ Even number of bits whose value is “1” among transmit data: 1

(ii) During reception
The number of bits whose value is “1” among the receive data, including the parity bit, is counted, and if it
is an even number, a parity error is output.

0 parity

During transmission, the parity bit is always made 0, regardless of the transmit data.

During reception, parity bit check is not performed. Therefore, no parity error occurs, regardless of whether the
parity bit is 0 or 1.

No parity

No parity bit is added to the transmit data.
Reception is performed assuming that there is no parity bit. No parity error occurs since there is no parity bit.
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12.5.7 Receive data noise filter

This filter samples the RXDAn pin using the base clock (fucLk) of the prescaler output.

When the same sampling value is read twice, the match detector output changes and the RXDAn signal is sampled
as the input data. Therefore, data not exceeding 2 clock width is judged to be noise and is not delivered to the internal
circuit (see Figure 12-8). See 12.6 (1) (a) Base clock regarding the base clock.

Moreover, since the circuit is as shown in Figure 12-7, the processing that goes on within the receive operation is
delayed by 3 clocks in relation to the external signal status.

Remark n=0,1

Figure 12-7. Noise Filter Circuit

Base clock (fuctk)

Internal signal A Internal signal B
RXDAn ©— In Q In Q g In Q |—— Internal signal C

™ Match

__ o1 detector LD_EN

Figure 12-8. Timing of RXDAn Signal Judged as Noise

Base clock
(fucrk)

RXDAR (input)

Internal signal A

Internal signal B

A A A
Match Mismatch Match Mismatch
(judged as noise) (judged as noise)

Internal signal C
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12.6 Dedicated Baud Rate Generator

The dedicated baud rate generator consists of a source clock selector block and an 8-bit programmable counter,

and generates a serial clock during transmission and reception with UARTAn. Regarding the serial clock, a dedicated

baud rate generator output can be selected for each channel.

There is an 8-bit counter for transmission and another one for reception.

(1) Baud rate generator configuration

Figure 12-9. Configuration of Baud Rate Generator

Caution If the CPU clock (fcru) is slower than fucLk, UARTAN cannot be used.

Remarks 1. n=0, 1

UANPWR bit

fxx ——

fxx/2 —
fxx/4d —— . .
o8 UANPWR, UANTXE bit (or UANRXE bit)
, l

fxx/16 ——=

fxx/32 ——
xx/3 Selector 8-bit counter
fxx/64 — fucLk
fxx/128 ——=
fxx/256 ——
fxx/512 ——
fxx/1024 ———
Match detector 1/2 Baud rate
fxx/2048 ——
UANCTLA1: UANCTL2:
UANCKSS3 to UAnCKS0 UANBRS7 to UAnBRS0O

2. fxx: Peripheral clock frequency

(@

(b)

Base clock

When the UANnCTLO.UAnPWR bit is 1, the clock selected by the UANnCTL1.UAnCKSS3 to
UANCTL1.UANCKSO bits is supplied to the 8-bit counter. This clock is called the base clock (fucLk). When
the UANPWR bit = 0, fucLk is fixed to the low level.

Serial clock generation

A serial clock can be generated by setting the UAnNCTL1 register and the UANCTL2 register.

The base clock (fucLk) is selected by the UANCTL1.UANCKS3 to UANCTL1.UAnCKSO bits.

The frequency division value for the 8-bit counter can be set using the UAnCTL2.UAnBRS7 to
UANCTL2.UAnBRSO bits.
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(2) UARTAN control register 1 (UAnCTL1)
The UANCTL1 register is an 8-bit register that selects the UARTAN base clock.
This register can be read or written in 8-bit units.
Reset sets this register to 00H.

Caution Clear the UANCTLO0.UANPWR bit to 0 before rewriting the UAnCTL1 register.

After reset: O0H R/W Address: UAOCTL1 FFFFFAO1H, UA1CTL1 FFFFFA11H

6 5 4 3 2 1 0
uancTlt [ o | o | o | 0 |UANCKS3UAnCKS2JUANCKS1/UANCKSO|
(n=0,1)
UANCKS3| UANCKS2 UANCKS1UANCKSO0 Base clock (fuctk) selection

0 0 0 0 fxx

0 0 0 1 fxx/2

0 0 1 0 fxx/4

0 0 1 1 fxx/8

0 1 0 0 fxx/16

0 1 0 1 fxx/32

0 1 1 0 fxx/64

0 1 1 1 fxx/128

1 0 0 0 fxx/256

1 0 0 1 fxx/512

1 0 1 0 fxx/1,024

1 0 1 1 fxx/2,048

Other than above Setting prohibited

Remark fxx: Peripheral clock frequency
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(3) UARTAN control register 2 (UAnCTL2)
The UANCTL2 register is an 8-bit register that selects the baud rate (serial transfer speed) clock of UARTAN.
This register can be read or written in 8-bit units.
Reset sets this register to FFH.

Caution Clear the UAnCTL0.UANPWR bit to 0 or clear the UANTXE and UAnRXE bits to 00 before
rewriting the UAnNCTL2 register.

After reset: FFH R/W Address: UAOCTL2 FFFFFAO2H, UA1CTL2 FFFFFA12H

7 6 5 4 3 2 1 0
UANCTL2  |UANBRS7/UANBRS6 UANBRS5UANBRS4| UANBRS3UANBRS2|UANBRS 1|UANBRSO|

(n=0,1)

UAn | UAn | UAn UAn UAn UAn | UAn UAn |Default| Serial
BRS7 | BRS6 | BRS5 | BRS4 | BRS3 | BRS2 | BRS1 | BRSO | (k) clock
o | o | o | o | o] 0| x | x | x | oo
0 0 0 0 0 1 0 0 4 fuck/4
0 0 0 0 0 1 0 1 5 fucLk/5
0 0 0 0 0 1 1 0 6 fucLk/6
1 1 1 1 1 1 0 0 252 | fuck/252
1 1 1 1 1 1 0 1 253 | fuck/253
1 1 1 1 1 1 1 0 254 | fuck/254
1 1 1 1 1 1 1 1 255 | fucLk/255

Remark fucik: Frequency of base clock selected by the
UANCTL1.UAnCKS3 to UANCTL1.UANCKSO bits
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(4) Baud rate
The baud rate is obtained by the following equation.

f
Baud rate = L [bps]

2 xk

fuck: Frequency of base clock selected by the UAnCTL1.UANCKS3 to UAnNCTL1.UAnCKSO bits
k: Value set using the UAnCTL2.UAnBRS7 to UANCTL2.UAnBRSO bits (k = 4, 5, 6, ..., 255)

(5) Baud rate error
The baud rate error is obtained by the following equation.

Actual baud rate (baud rate with error)

Error (%) =[ - ] x 100 [%]

Target baud rate (correct baud rate)

Cautions 1. The baud rate error during transmission must be within the error tolerance on the
receiving side.
2. The baud rate error during reception must satisfy the range indicated in section (7)
Allowable baud rate range during reception.

Example Peripheral clock frequency = 32 MHz = 32,000,000 Hz
Setting value of UANCTL1.UANCKS3 to UANCTL1.UAnCKSO bits = 0000B (fucLk = 32,000,000 Hz)
Setting value of UANCTL2.UANBRS7 to UANCTL2.UANBRSO0 bits = 01101000B (k = 104)
Target baud rate = 153,600

Baud rate = 32,000,000/ (2 x 104) = 153,846 [bps]

Error = (153,846/153,600 — 1) x 100
=0.160 [%]
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(6) Baud rate setting example

Table 12-3. Baud Rate Generator Setting Data

Baud Rate fxx = 32 MHz

(bps) UANCTL1 | UANCTL2 | ERR (%)

300 08H DOH 0.16

600 07H DOH 0.16

1,200 06H DOH 0.16

2,400 05H DOH 0.16

4,800 04H DOH 0.16

9,600 03H DOH 0.16

19,200 02H DOH 0.16

31,250 02H 80H 0

38,400 01H DOH 0.16

76,800 00H DOH 0.16

153,600 00H 68H 0.16

312,500 00H 33H 0.39

625,000 00H 1AH -1.54

1,250,000 O00H ODH -1.54

Remark fxx: Peripheral clock frequency

ERR: Baud rate error (%)
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(7) Allowable baud rate range during reception
The baud rate error range at the destination that is allowable during reception is shown below.

Caution The baud rate error during reception must be set within the allowable error range using the
following equation.

Figure 12-10. Allowable Baud Rate Range During Reception

Latch timing
v Y Y v M #7
\
UARTAn Startbit [ Bit0 Bit 1 Bit7 ) Parity bit | Stop bit
transfer rate
FL

1 data frame (11 x FL)

Minimum . . . . L )
allowable \Start b't/< Bit 0 X Bit 1 x x Bit 7 XPanty b|t>/ Stop bi

transfer rate

—

FLmin

Maximum \Stanbit /< Bit 0 X Bit 1 Bit 7 XParitybity Stop bit
allowable

transfer rate

FLmax

Remark n=0,1

As shown in Figure 12-10, the receive data latch timing is determined by the counter set using the UAnCTL2
register following start bit detection. The transmit data can be normally received if up to the last data (stop bit)
can be received in time for this latch timing.

When this is applied to 11-bit reception, the following is the theoretical result.

FL = (Brate)™

Brate: UARTAnN baud rate (n =0, 1)

k: Setting value of UANCTL2.UANnBRS7 to UANCTL2.UANBRSO bits (n =0, 1)
FL: 1-bit data length

Latch timing margin: 2 clocks

Minimum allowable transfer rate: FLmin =11 x FL — k_—2 x FL = 21k +2

2k 2k

FL
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Therefore, the maximum baud rate that can be received by the destination is as follows.

BRmax = (FLmin/11)™" = 2%k Brate
21k + 2

Similarly, obtaining the following maximum allowable transfer rate yields the following.

10 k+2>< 21k -2

— x FLmax =11 x FL - FL = FL
11 2 x k 2 xk
Fl.max:M FL x 11
20 k

Therefore, the minimum baud rate that can be received by the destination is as follows.

20k
BRmin = (FLmax/11)"' = ———— Brate
21k -2

Obtaining the allowable baud rate error for UARTAN and the destination from the above-described equations for
obtaining the minimum and maximum baud rate values yields the following.

Table 12-4. Maximum/Minimum Allowable Baud Rate Error

Division Ratio (k) | Maximum Allowable Baud Rate Error Minimum Allowable Baud Rate Error
4 +2.32% —2.43%
8 +3.52% -3.61%
20 +4.26% -4.30%
50 +4.56% —-4.58%
100 +4.66% -4.67%
255 +4.72% -4.72%

Remarks 1. The reception accuracy depends on the bit count in 1 frame, the input clock
frequency, and the division ratio (k). The higher the input clock frequency
and the larger the division ratio (k), the higher the accuracy.

2. k: Setting value of UAnCTL2.UANBRS7 to UANCTL2.UANnBRSO bits (n =0, 1)
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(8) Transfer rate during continuous transmission

During continuous transmission, the transfer rate from the stop bit to the next start bit is usually 2 base clocks
longer. However, timing initialization is performed via start bit detection by the receiving side, so this has no
influence on the transfer result.

Figure 12-11. Transfer Rate During Continuous Transmission

1 data frame '/ Start bit of 2nd byte
\ Start bit /< Bit 0 X Bit1 X \ Bit7 XParity bitYStop bit \ startbit [ Bito [
FL FL FL FL FL Flstp  FL FL

Assuming 1 bit data length: FL; stop bit length: FLstp; and base clock frequency: fucLk, we obtain the following
equation.

FLstp = FL + 2/fucLk

Therefore, the transfer rate during continuous transmission is as follows.

Transfer rate = 11 x FL + (2/fucik)

12.7 Cautions

When the clock supply to UARTAN is stopped (for example, in IDLE1 or STOP mode), the operation stops with each
register retaining the value it had immediately before the clock supply was stopped. The TXDAn pin output also holds

and outputs the value it had immediately before the clock supply was stopped. However, the operation is not

guaranteed after the clock supply is resumed. Therefore, after the clock supply is resumed, the circuits should be
initialized by setting the UANCTLO.UAnPWR, UAnCTLO.UAnRXE, and UANCTLO.UANTXE bits to 000.

Remark n=0,1
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The V850ES/IK1 incorporates CSIBO.
13.1 Features

Transfer rate: 8 Mbps (using internal clock)
Master mode and slave mode selectable
8-bit to 16-bit transfer, 3-wire serial interface
Interrupt request signals (INTCBORE, INTCBOT, INTCBOR)
Serial clock and data phase switchable
Transfer data length selectable in 1-bit units between 8 and 16 bits
Transfer data MSB-first/LSB-first switchable
3-wire transfer SOBO: Serial data output
SIBO:  Serial data input
SCKBO: Serial clock 1/0
Transmission mode, reception mode, and transmission/reception mode specifiable

O O0OO0OO0OO0OO0OO0OO0
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13.2 Configuration

The following shows the block diagram of CSIBO.

Figure 13-1. Block Diagram of CSIB0

siB0 ©

Shift register

control

8 Internal bus
CBOCTL1 CBOCTLO CBOCTL2
I |
— | cBosTR
INTCBOT
— > Controller INTCBOR
INTCBORE
fxx/2 ————=] ] A
fxx/4 ——— R ik .................... y
/8 ——=| 5 | !
/16— B : — :
/32— % foo L: Phase control E
fix/64 ——— P ' ;
fxx/128 !
CBOTX 1 ;
SCKBO {} ! | Phase
SO latch|+= [ ~©) SOBO

Remark fccik: Communication clock (8 MHz (max.))

CSIBO includes the following hardware.

Table 13-1. Configuration of CSIBO

ltem

Configuration

Registers

CSIBO receive data register (CBORX)
CSIBO0 transmit data register (CBOTX)

Control registers

CSIBO control register 0 (CBOCTLO)
CSIBO control register 1 (CBOCTL1)
CSIBO control register 2 (CBOCTL2)
CSIBO status register (CBOSTR)
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(1) CSIBO receive data register (CBORX)

The CBORX register is a 16-bit buffer register that holds receive data.

This register is read-only, in 16-bit units.

The receive operation is started by reading the CBORX register in the reception enabled status.

If the transfer data length is 8 bits, the lower 8 bits of this register are read-only in 8-bit units as the CBORXL
register.

Reset sets this register to 0000H.
In addition to reset, the CBORX register can be initialized by clearing (to 0) the CBOCTL0.CBOPWR bit.

After reset: 0000H R Address: CBORX FFFFFD04H, CBORXL FFFFFD04H

15 8 7 0
! ! ! !

CBORX

@)

CSIBO transmit data register (CBOTX)

The CBOTX register is a 16-bit buffer register used to write the CSIBO transfer data.

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

The transmit operation is started by writing data to the CBOTX register in the transmission enabled status.

If the transfer data length is 8 bits, the lower 8 bits of this register can be read or written in 8-bit units as the
CBOTXL register.

Reset sets this register to 0000H.

After reset: 0000H R/W Address: CBOTX FFFFFDO6H, CBOTXL FFFFFDO6H

15 8 7 0
I I I I

CBOTX

Remark The communication start conditions are shown below.

Transmission mode (CBOTXE bit = 1, CBORXE bit = 0): Write to CBOTX register
Transmission/reception mode (CBOTXE bit = 1, CBORXE bit = 1): Write to CBOTX register
Reception mode (CBOTXE bit = 0, CBORXE bit = 1): Read from CBORX register
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13.3 Control Registers

The following registers are used to control CSIBO.

CSIBO control register 0 (CBOCTLO)
CSIBO control register 1 (CBOCTL1)
CSIBO control register 2 (CBOCTL2)
CSIBO status register (CBOSTR)

(1) CSIBO control register 0 (CBOCTLO)

CBOCTLO is a register that controls the CSIBO serial transfer operation.
This register can be read or written in 8-bit or 1-bit units.

Reset sets this register to 01H.

(1/2)

After reset: 01H

R/W Address: FFFFFDOOH

<7> <6> <5> <4> 3 2 1 <0>
CBOCTLO | CBOPWR|CBOTXE"*| CBORXE"9CBODIR™®| 0 0  [cBOTMS"™* CBOSCE |
CBOPWR Specification of CSIBO operation disable/enable

0

Disable CSIBO operation and reset the CBOSTR register

1

Enable CSIBO operation

* The CBOPWR bit controls the CSIBO operation and resets the internal circuit.

CBOTXEM® Specification of transmit operation disable/enable

0

Disable transmit operation

1

Enable transmit operation

* The SOBO output is low level when the CBOTXE bit is 0.

CBORXE™® Specification of receive operation disable/enable

0

Disable receive operation

1

Enable receive operation

when

* When the CBORXE bit is cleared to 0, no reception end interrupt is output even

and the receive data (CBORX register) is not updated.

the prescribed data is transferred in order to disable the receive operation,

Note These bits can only be rewritten when the CBOPWR bit = 0.

However, CBOPWR bit = 1 can also be set at the same time as
rewriting these bits.

Caution Be sure to clear bits 3 and 2 to 0.
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(2/2)
CBODIRM"! Specification of transfer direction mode (MSB/LSB)
0 MSB first
1 LSB first
CBOTMS" ! Transfer mode specification
0 Single transfer mode
1 Continuous transfer mode
* When using single transmission or transmission/reception mode with communication
type 2 or 4 (CBOCTL1.CBODAP bit = 1), write the transfer data to the CBOTX
register after checking that the CBOSTR.CBOTSF bit is 0.
CBOSCE Specification of start transfer disable/enable
0 Communication start trigger invalid
1 Communication start trigger valid
* In master mode
This bit enables or disables the communication start trigger.
(a) In single reception mode
Clear the CBOSCE bit to 0 before reading the receive data (CBORX register)N°*®2,
(b) In continuous reception mode
Clear the CBOSCE bit to 0 one communication clock before reception of the
last data is ended"*'®3,
* In slave mode
This bit enables or disables the communication start trigger.
(a) In single reception mode or continuous reception mode
Set the CBOSCE bit to 1Note4,
¢ In single transmission or transmission/reception mode, or continuous transmission
or transmission/reception mode
The function of the CBOSCE bit is invalid. It is recommended to set this bit to 1.
Notes 1. These bits can only be rewritten when the CBOPWR bit = 0.
However, the CBOPWR can be set to 1 at the same time as these
bits are rewritten.

2. If the CBOSCE bit is read while it is 1, the next communication
operation is started.

3. The CBOSCE bit is not cleared to 0 one communication clock
before the end of the last data reception, the next communication
operation is automatically started.

To start communication operation again after reading the last
data, set the CBOSCE bit to 1 and perform a dummy read of the
CBORX register.

4. To start the reception, a dummy read is necessary.
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506

(a) How to use CBOSCE bit

U]

(i)

In single reception mode

<1>

<2>

When the reception of the last data is completed with INTCBOR interrupt servicing, clear the
CBOSCE bit to 0, and then read the CBORX register.

When the reception is disabled after the reception of the last data has been completed, check
that the CBOSTR.CBOTSF bit is 0, and then clear the CBOPWR and CBORXE bits to 0. To
continue reception, set the CBOSCE bit to 1 and start the next receive operation by performing a
dummy read of the CBORX register.

In continuous reception mode

<1>

<2>

<3>

Clear the CBOSCE bit to 0 during reception of the last data with INTCBOR interrupt servicing by
the reception before the last reception, and then read the CBORX register.

After receiving the INTCBOR signal of the last reception, read the last data from the CBORX
register.

When the reception is disabled after the reception of the last data has been completed, check
that the CBOSTR.CBOTSF bit is 0, and then clear the CBOPWR and CBORXE bits to 0. To
continue reception, set the CBOSCE bit to 1 and start the next receive operation by performing a
dummy read of the CBORX register.

Caution In continuous reception mode, the serial clock is not stopped until the

reception executed when the CBOSCE bit is cleared to 0 is completed after the
reception is started by a dummy read.
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(2) CSIBO control register 1 (CBOCTL1)
CBOCTL1 is an 8-bit register that controls the CSIBO serial transfer operation.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

Caution The CBOCTL1 register can be rewritten only when the CBOCTL0.CBOPWR bit = 0.

After reset: 00H R/W Address: FFFFFDO1H

7 6 5 4 3 2 1 0
cBocTLt | o | o | o |CBOCKP | CBODAP CBOCKS2/CBOCKS1|CBOCKSO|
CBOCKP|CBODAP Specification of data transmission/

reception timing in relation to SCKBO

Communieaton| 0| 0| seweawo) LML LML
SOBO (output) (o7 X6 X5 X o4 Xos Y02 X o1 Yoo
SIBO capture T T T T T T T T

Communication 0 1 N
SCKBO (1/0) ||||||||||||||||
type 2
SOBO (output) __X D7 k D6 X D5 X D4 X D3 X D2 X D1 X DO
SIBO capture T T T T T T T T

Componeaten) 11 0| sekgoeo) MMM
ype

SOBO (output) (D7 } D6 A D5 A D4 A D3 \ D2 X D1 X DO
SIBO capture T T T T T T T T

Communication| 1 V| sekeowor LT

e 5080 (oupu) 07 Y06 X 08 YD X 2 Y oz X BT Yoo —
SN A A A A
CBOCKS2/CBOCKS1/CBOCKS0 Communication clock Mode
0 0 0 fxx/2 Master mode
0 0 1 fxx/4 Master mode
0 1 0 fxx/8 Master mode
0 1 1 fxx/16 Master mode
1 0 0 fxx/32 Master mode
1 0 1 fxx/64 Master mode
1 1 0 fxx/128 Master mode
1 1 1 External clock (SCKBO) Slave mode

Caution Set fccLk to 8 MHz or lower.
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(3) CSIBO control register 2 (CBOCTL2)
CBOCTL2 is an 8-bit register that controls the number of CSIBO serial transfer bits.
This register can be read or written in 8-bit units.
Reset sets this register to O0H.

Caution The CBOCTL2 register can be rewritten only when the CBOCTL0.CBOPWR bit = 0 or when
both the CBOTXE and CBORXE bits = 0.

After reset: 0OH R/W Address: FFFFFDO2H

4 3 2 1 0
coctl2 [ o | o | o | o |cBocLs|cBocL2 | cBocLt | CBoCLO |
CBOCL3 | CBOCL2 | CBOCL1 | CBOCLO Serial register bit length

0 0 0 0 8 bits

0 0 0 1 9 bits

0 0 1 0 10 bits
0 0 1 1 11 bits
0 1 0 0 12 bits
0 1 0 1 13 bits
0 1 1 0 14 bits
0 1 1 1 15 bits
1 X X X 16 bits

Remark If the number of transfer bits is other than 8 or 16, prepare and use
data stuffed from the LSB of the CBOTX and CBORX registers.
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(a) Transfer data length change function
The CSIBO transfer data length can be set in 1-bit units between 8 and 16 bits using the
CBOCTL2.CBOCL3 to CBOCTL2.CBOCLO bits.
When the transfer bit length is set to a value other than 16 bits, set the data to the CBOTX or CBORX
register starting from the LSB, regardless of whether the transfer start bit is the MSB or LSB. Any data can
be set for the higher bits that are not used, but the receive data becomes 0 following serial transfer.

(i) Transfer bit length = 10 bits, MSB first

SOBO
SIBO

15 10 9 0

(ii) Transfer bit length = 12 bits, LSB first

Insertion of 0

SIBO

SOBO
15 12 11 0
E Insertion of 0
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(4) CSIBO status register (CBOSTR)

CBOSTR is an 8-bit register that displays the CSIBO status.

This register can be read or written in 8-bit or 1-bit units, but the CBOTSF flag is read-only.

Reset sets this register to 00H.

In addition to reset, the CBOSTR register can be initialized by clearing (0) the CBOCTL0.CBOPWR bit.

After reset: 00H R/W Address: FFFFFDO3H

<7> 6 5 4 3 2 1 <0>
cBosTR [ceotsF| o | o | o | o | o | o | ceoovel
CBOTSF Communication status flag
0 Communication stopped
1 Communicating

* During transmission, this register is set when data is prepared in the CBOTX
register, and during reception, it is set when a dummy read of the CBORX register
is performed.

When transfer ends, this flag is cleared to 0 at the last edge of the clock.

CBOOVE Overrun error flag
0 No overrun
1 Overrun

¢ An overrun error occurs when the next reception starts without performing a CPU
read of the value of the CBORX register, upon end of the receive operation.
The CBOOVE flag displays the overrun error occurrence status in this case.

* The CBOOVE flag is cleared by writing O to it. It cannot be set even by writing 1 to it.

Caution In single transfer mode, writing to the CBOTX register with the CBOTSF
bit set to 1 is ignored. This has no influence on the operation during
transfer.

Use the continuous transfer mode, not the single transfer mode.
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13.4 Operation

13.4.1 Single transfer mode (master mode, transmission mode)

MSB first (CBOCTLO0.CBODIR bit = 0), communication type 1 (CBOCTL1.CBOCKP and CBOCTL1.CBODAP bits =
00), communication clock (fccik) = fxx/2 (CBOCTL1.CBOCKS2 to CBOCTL1.CBOCKSO bits = 000), transfer data length
= 8 bits (CBOCTL2.CBOCL3 to CBOCTL2.CBOCLO bits = 0000)

(1) Operation flow

(1), (2), 3)

(5)

(6)

(s )

CBOCTL1 register « 00H
CBOCTL2 register « 00H
CBOCTLO register « C1H

Write CBOTX register

. l """"""" H

E Start transmission -

"INTCBOR interrupt™*~.
*-.._ Qenerated? _ .-°~

~. .
Y -
.~y

-
-3
S

e

Transmission
completed?

CBOCTLO « 00H

Remarks 1. The broken lines indicate the hardware processing.
2. The numbers in this figure correspond to the processing numbers in (2) Operation timing.
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(2) Operation timing

CBOTSF bit

INTCBOR signal

SCKBO pin

SOBO pin

L

Bit7 ABit6 ABit5 A Bit4 X Bit 3 A Bit 2 A Bit 1

(1)
()
(3)

(4)

(6)

Uuuuuuuy

(oo ensonafon i eeo 1\

®)

(1) Write O0H to the CBOCTL1 register, and select communication type 1, communication clock (fccik) =
fxx/2, and master mode.

(2) Write O0H to the CBOCTL2 register, and set the transfer data length to 8 bits.

(38) Write C1H to the CBOCTLO register, and select the transmission mode and MSB first at the same time
as enabling the operation of the communication clock (fccik).

(4) The CBOSTR.CBOTSF bit is set to 1 by writing the transmit data to the CBOTX register, and
transmission is started.

(5) When transmission is started, output the serial clock to the SCKBO pin, and output the transmit data
from the SOBO pin in synchronization with the serial clock.

(6) When transmission of the transfer data length set with the CBOCTL2 register is completed, the serial
clock output and transmit data output are stopped, the reception end interrupt request signal
(INTCBOR) are generated at the last edge of the serial clock, and the CBOTSF bit is cleared to 0.

(7) To continue transmission, start the next transmission by writing the transmit data to the CBOTX register
again after the INTCBOR signal is generated.

(8) To end transmission, write the CBOCTLO0.CBOPWR bit = 0 and the CBOCTLO0.CBOTXE bit = 0.
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13.4.2 Single transfer mode (master mode, reception mode)

MSB first (CBOCTL0.CBODIR bit = 0), communication type 1 (CBOCTL1.CBOCKP and CBOCTL1.CBODAP bits =
00), communication clock (fccik) = fxx/2 (CBOCTL1.CBOCKS2 to CBOCTL1.CBOCKSO bits = 000), transfer data length

= 8 bits (CBOCTL2.CBOCL3 to CBOCTL2.CBOCLO bits = 0000)

(1) Operation flow

(o)

CBOCTL1 register « 00H
(1), (2), (3) CBOCTL2 register < 00H
CBOCTLO register < A1H

CBORX
dumm

register
y read

G
2]
=
I
=
=
0]
Q
0]
kel
=
o
=]

.

~

(10)

e
-

NTCBOR interrupt\'\_. No

.

-

.

“*-... generated? _.--

.~ -

Reception completed?

Read CBORX register

CBOSCE bit =0
(CBOCTLO)

Read CBORX register

CBOCTLO register « 00H

=

Remarks 1. The broken lines indicate the hardware processing.

2. The numbers in this figure correspond to the processing numbers in (2) Operation timing.
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(2) Operation timing

CBOTSF bit |

INTCBOR signal | |

SCKBO pin

SIBO pin Bit 7 A Bit 6 X Bit 5 X Bit 4 A Bit 3 X Bit 2 X Bit 1 Bit0 @@@@@@@ Bit0o
I A B A T I T
timing

(1) Write O0H to the CBOCTL1 register, and select communication type 1, communication clock (fccik) =
fxx/2, and master mode.

(2) Write 00H to the CBOCTL2 register, and set the transfer data length to 8 bits.

(8) Write A1H to the CBOCTLO register, and select the reception mode and MSB first at the same time as
enabling the operation of the communication clock (fccik).

(4) The CBOSTR.CBOTSF bit is set to 1 by performing a dummy read of the CBORX register, and
reception is started.

(5) When reception is started, output the serial clock to the SCKBO pin, and capture the receive data of
the SIBO pin in synchronization with the serial clock.

(6) When reception of the transfer data length set with the CBOCTL2 register is completed, the serial clock
output and data capturing are stopped, the reception end interrupt request signal (INTCBOR) are
generated at the last edge of the serial clock, and the CBOTSF bit is cleared to 0.

(7) To continue reception, read the CBORX register with the CBOCTL0.CBOSCE bit = 1 remained after the
INTCBOR signal is generated.

(8) To read the CBORX register without starting the next reception, write the CBOSCE bit = 0.

(9) Read the CBORX register.

(10) To end reception, write the CBOCTL0.CBOPWR bit = 0 and the CBOCTL0.CBORXE bit = 0.

514 User’'s Manual U16910EJ4V1UD



CHAPTER 13 3-WIRE VARIABLE-LENGTH SERIAL 1/0 (CSIB)

13.4.3 Single transfer mode (master mode, transmission/reception mode)

MSB first (CBOCTLO0.CBODIR bit = 0), communication type 1 (CBOCTL1.CBOCKP and CBOCTL1.CBODAP bits =
00), communication clock (fccik) = fxx/2 (CBOCTL1.CBOCKS2 to CBOCTL1.CBOCKSO bits = 000), transfer data length
= 8 bits (CBOCTL2.CBOCL3 to CBOCTL2.CBOCLO bits = 0000)

(1) Operation flow

C

START

)

(1), (), ()

CBOCTL1 register « 00H
CBOCTL2 register « 00H
CBOCTLO register < E1H

Write CBOTX register

® -2

el

.
-

_.--="INTCBOR interrupt ~~~.._No

generated?

-
-
s

.
el

] Yes

~

.-
-

(7). (9)

Read CBORX register

Transmission/reception
completed?

CBOCTLO « 00H

C

)

Remarks 1. The broken lines indicate the hardware processing.
2. The numbers in this figure correspond to the processing numbers in (2) Operation timing.
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(2) Operation timing

CBOTSF bit

INTCBOR signal

SCKBO pin

SOBO pin

Bit7 ABit6 A Bit5 X Bit4 A Bit 3 XBit2 X Bit 1

SIBO pin

SIBO pin capture
timing

(1) Write O0OH to the CBOCTL1 register, and select communication type 1, communication clock (fccik) =

(1)
(2)
)

(4)

(©)

Bit 7 ABit6 A Bit5 A Bit 4 A Bit 3 ABit2 A Bit 1

I A B A

fxx/2, and master mode.
(2) Write O0H to the CBOCTL2 register, and set the transfer data length to 8 bits.

(38) Write E1H to the CBOCTLO register, and select the transmission/reception mode and MSB first at the

uuuuuuy

Bit0

o oroorsponahenfenc o X_ens

Bit0

(7 oo opon hon ez s _eno
T I O

(9)(10)

same time as enabling the operation of the communication clock (fccLk).

(4) The CBOSTR.CBOTSF bit is set to 1 by writing the transmit data to the CBOTX register, and

transmission/reception is started.

(5) When transmission/reception is started, output the serial clock to the SCKBO pin, output the transmit
data to the SOBO pin in synchronization with the serial clock, and capture the receive data of the SIBO
pin.

(6) When transmission/reception of the transfer data length set with the CBOCTL2 register is completed,
the serial clock output, transmit data output, and data capturing are stopped, the reception end interrupt
request signal (INTCBOR) are generated at the last edge of the serial clock, and the CBOTSF bit is

cleared to 0.
(7) Read the CBORX register.
(8) To continue transmission/reception, write the transmit data to the CBOTX register again.
(9) Read the CBORX register.

(10) To end transmission/reception, write the CBOCTL0.CBOPWR bit = 0, the CBOCTL0.CBOTXE bit = 0,

and the CBOCTL0.CBORXE bit = 0.
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13.4.4 Single transfer mode (slave mode, transmission mode)

MSB first (CBOCTLO0.CBODIR bit = 0), communication type 1 (CBOCTL1.CBOCKP and CBOCTL1.CBODAP bits =
00), communication clock (fcck) = external clock (SCKBO0) (CBOCTL1.CBOCKS2 to CBOCTL1.CBOCKSO bits = 111),

transfer data length = 8 bits (CBOCTL2.CBOCL3 to CBOCTL2.CBOCLO bits = 0000)

(1) Operation flow

(s )

CBOCTL1 register « 07H
(1), (2), (3) | CBOCTL2 register «— 00H
CBOCTLO register « C1H

(4) Write CBOTX register

(4) -z2”" SCKBO pininput
el started? .-t

No

o) -+~ INTCBOR interrupt "=,
(6) =<, o
~-.._ generated? _.-*

s
~. .
Y -
.~y

e

Transmission
completed?

(8) CBOCTLO « 00H

Remarks 1. The broken lines indicate the hardware processing.

2. The numbers in this figure correspond to the processing numbers in (2) Operation timing.
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(2) Operation timing

CBOTSF bit

INTCBOR signal |

SCKBO pin
SOBO pin Bit 7 XBit6 X Bit5 XBit4 X Bit3X Bit2 X Bit 1 Bit0 @@@@@@@ BitO!

Q)

@)
®)

(4)

(6)

(6)

7)

(8)

M @ © ® @ (8)
(2)
)

Write 07H to the CBOCTL1 register, and select communication type 1, communication clock (fccik) =
external clock (W)), and slave mode.

Write O0H to the CBOCTL2 register, and set the transfer data length to 8 bits.

Write C1H to the CBOCTLO register, and select the transmission mode and MSB first at the same time
as enabling the operation of the communication clock (fccik).

The CBOSTR.CBOTSF bit is set to 1 by writing the transmit data to the CBOTX register, and the device
waits for a serial clock input.

When a serial clock is input, output the transmit data from the SOBO pin in synchronization with the
serial clock.

When transmission of the transfer data length set with the CBOCTL2 register is completed, the serial
clock output and transmit data output are stopped, the reception end interrupt request signal
(INTCBOR) are generated at the last edge of the serial clock, and the CBOTSF bit is cleared to 0.

To continue transmission, write the transmit data to the CBOTX register again after the INTCBOR signal
is generated, and wait for a serial clock input.

To end transmission, write the CBOCTLO0.CBOPWR bit = 0 and the CBOCTLO0.CBOTXE bit = 0.
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13.4.5 Single transfer mode (slave mode, reception mode)

MSB first (CBOCTLO0.CBODIR bit = 0), communication type 1 (CBOCTL1.CBOCKP and CBOCTL1.CBODAP bits =
00), communication clock (fcck) = external clock (SCKBO0) (CBOCTL1.CBOCKS2 to CBOCTL1.CBOCKSO bits = 111),
transfer data length = 8 bits (CBOCTL2.CBOCL3 to CBOCTL2.CBOCLO bits = 0000)

(1) Operation flow

o D

CBOCTL1 register « 07H
(1), (2), (3) CBOCTL2 register « 00H
CBOCTLO register « A1H

CBORX register
dummy read

(4)

PR

L. ~
-

(4) -22°" SCKBOpininput :
.. started? .-t :

.

S
o -

~
- ~

..-="INTCBOR interrupf *=-.. NoO
(6) -, .:
~~.. Qgenerated? It

o -
~ -

e

©) No (7)

Reception completed?

Read CBO

RX register

CBOSCE bit = 0
(CBOCTLO)

(9) Read CBORX register

(10) CBOCTLO register « 00H

=

Remarks 1. The broken lines indicate the hardware processing.

2. The numbers in this figure correspond to the processing numbers in (2) Operation timing.
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(2) Operation timing

CBOTSF bit |

INTCBOR signal | |

SCKBO pin

SIBO pin Bit 7 ABit6 X Bit5 XBit 4 X Bit 3 X Bit 2 X Bit 1 Bit 0 @@@@@@@ Bit 0
I A B A T I T
timing

(1) Write 07H to the CBOCTL1 register, and select communication type 1, communication clock (fccik) =
external clock (M), and slave mode.

(2) Write O0H to the CBOCTL2 register, and set the transfer data length to 8 bits.

(8) Write A1H to the CBOCTLO register, and select the reception mode and MSB first at the same time as
enabling the operation of the communication clock (fccik).

(4) The CBOSTR.CBOTSF bit is set to 1 by performing a dummy read of the CBORX register, and the
device waits for a serial clock input.

(5) When a serial clock is input, capture the receive data of the SIBO pin in synchronization with the serial
clock.

(6) When reception of the transfer data length set with the CBOCTL2 register is completed, the serial clock
output and data capturing are stopped, the reception end interrupt request signal (INTCBOR) are
generated at the last edge of the serial clock, and the CBOTSF bit is cleared to 0.

(7) To continue reception, read the CBORX register with the CBOCTL0.CBOSCE bit = 1 remained after the
INTCBOR signal is generated, and wait for a serial clock input.

(8) To end reception, write the CBOSCE bit = 0.

(9) Read the CBORX register.

(10) To end reception, write the CBOCTLO0.CBOPWR bit = 0 and the CBOCTL0.CBORXE bit = 0.
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13.4.6 Single transfer mode (slave mode, transmission/reception mode)

MSB first (CBOCTLO0.CBODIR bit = 0), communication type 1 (CBOCTL1.CBOCKP and CBOCTL1.CBODAP bits =
00), communication clock (fcck) = external clock (SCKBO0) (CBOCTL1.CBOCKS2 to CBOCTL1.CBOCKSO bits = 111),
transfer data length = 8 bits (CBOCTL2.CBOCL3 to CBOCTL2.CBOCLO bits = 0000)

(1) Operation flow

(s )

CBOCTL1 register « 07H
(1), (2), (3) | CBOCTL2 register <~ 00H
CBOCTLO register < E1H

(4) Write CBOTX register

. ~

(4) -2~ SCKBO pin input 5, N°
Tt.... started? __,--"
Yes
(5) . Start transmission/reception :
A e No
(6) -:: INTCBOR interrupt ~~~+
*-~.._ generated? .-~
Yes
(7), (9) Read CBORX register

Transmission/reception
completed?

(10) CBOCTLO « 00H

Remarks 1. The broken lines indicate the hardware processing.
2. The numbers in this figure correspond to the processing numbers in (2) Operation timing.
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(2) Operation timing

1

@)
®)

(4)

(6)

(6)

@)
(8)

9)

INTCBOR signal | |

SCKBO pin
SOBO pin Bit7 X Bit6 X Bit 5 X Bit 4 X Bit 3 A Bit 2 X Bit 1 Bit 0 @@@@@@@ Bit 0

SIBO pin Bit7 ABit6 A Bit5 X Bit 4 A Bit 3 A Bit 2 A Bit 1 Bit 0 @@@@@@m Bit 0
I A B A T I O
timing

CBOTSF bit |

1 @ © @) ®) (9)(10)
(2)
()

Write 07H to the CBOCTLI1 register, and select communication type 1, communication clock (fccik) =
external clock (m), and slave mode.

Write 00H to the CBOCTL2 register, and set the transfer data length to 8 bits.

Write E1H to the CBOCTLO register, and select the transmission/reception mode and MSB first at the
same time as enabling the operation of the communication clock (fccik).

The CBOSTR.CBOTSF bit is set to 1 by writing the transmit data to the CBOTX register, and the device
waits for a serial clock input.

When a serial clock is input, output the transmit data to the SOBO pin in synchronization with the serial
clock, and capture the receive data of the SIBO pin.

When transmission/reception of the transfer data length set with the CBOCTL2 register is completed,
the serial clock output, transmit data output, and data capturing are stopped, the reception end
interrupt request signal (INTCBOR) is generated at the last edge of the serial clock, and the CBOTSF
bit is cleared to 0.

Read the CBORX register.

To continue transmission/reception, write the transmit data to the CBOTX register again, and wait for a
serial clock input.

Read the CBORX register.

(10) To end transmission/reception, write the CBOCTL0.CBOPWR bit = 0, the CBOCTL0.CBOTXE bit = 0,

and the CBOCTL0.CBORXE bit = 0.
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13.4.7 Continuous transfer mode (master mode, transmission mode)
MSB first (CBOCTLO0.CBODIR bit = 0), communication type 1 (CBOCTL1.CBOCKP and CBOCTL1.CBODAP bits =
00), communication clock (fccik) = fxx/2 (CBOCTL1.CBOCKS2 to CBOCTL1.CBOCKSO bits = 000), transfer data length

= 8 bits (CBOCTL2.CBOCL3 to CBOCTL2.CBOCLO bits = 0000)

(1) Operation flow

(s )

CBOCTL1 register « 00H
(1), (2), (38) | CBOCTL2 register < 00H
CBOCTLO register « C3H

(4), (8) Write CBOTX register
(5) . Start transmission '

(6), (9) -z-" INTCBOT interrupt ™+,
’ “*-... generated?

.~ .
ey -
~. -
~ee”

No

Transmission
completed?

CBOTSF bit=0?
(CBOSTR register)

(10)

(11) CBOCTLO « O0H

=

Remarks 1. The broken lines indicate the hardware processing.
2. The numbers in this figure correspond to the processing numbers in (2) Operation timing.
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(2) Operation timing

CBOTSF bit

INTCBOT signal

INTCBOR signal

SCKBO pin

SOBO pin

(1

@)
®)

(4)

(5)

(6)

@)

®)

(©)

(10)

(11)

Caution

—

Jups|

Bit7 ABit6 X Bit5 X Bit

M @ 6 (6) @) (11

Write O0H to the CBOCTLI1 register, and select communication type 1, communication clock (fccik) =
fxx/2, and master mode.

Write 00H to the CBOCTL2 register, and set the transfer data length to 8 bits.

Write C3H to the CBOCTLO register, and select the transmission mode, MSB first, and continuous
transfer mode at the same time as enabling the operation of the communication clock (fccrk).

The CBOSTR.CBOTSF bit is set to 1 by writing the transmit data to the CBOTX register, and
transmission is started.

When transmission is started, output the serial clock to the SCKBO pin, and output the transmit data
from the SOBO pin in synchronization with the serial clock.

When transfer of the transmit data from the CBOTX register to the shift register is completed and
writing to the CBOTX register is enabled, the transmission enable interrupt request signal (INTCBOT) is
generated.

To continue transmission, write the transmit data to the CBOTX register again after the INTCBOT signal
is generated.

When a new transmit data is written to the CBOTX register before communication completion, the next
communication is started following communication completion.

The transfer of the transmit data from the CBOTX register to the shift register is completed and the
INTCBOT signal is generated. To end continuous transmission with the current transmission, do not
write to the CBOTX register.

When the next transmit data is not written to the CBOTX register before transfer completion, the serial
clock output to the SCKBO pin is stopped after transfer completion, and the CBOTSF bit is cleared to 0.
To release the transmission enable status, write the CBOCTLO.CBOPWR bit = 0 and the
CBOCTLO.CBOTXE bit = 0 after checking that the CBOTSF bit = 0.

In continuous transmission mode, the reception end interrupt request signal (INTCBOR) is not
generated.
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13.4.8 Continuous transfer mode (master mode, reception mode)

MSB first (CBOCTLO0.CBODIR bit = 0), communication type 1 (CBOCTL1.CBOCKP and CBOCTL1.CBODAP bits =
00), communication clock (fccik) = fxx/2 (CBOCTL1.CBOCKS2 to CBOCTL1.CBOCKSO bits = 000), transfer data length
= 8 bits (CBOCTL2.CBOCL3 to CBOCTL2.CBOCLO bits = 0000)
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(1) Operation flow

( omr )

CBOCTLA1 register « 00H
(1), (2), (8) | CBOCTL2 register « 00H
CBOCTLO register < A3H

CBORX register

“) dummy read
I
.............. [
®) Start reception
A
..~~~ INTCBOR interrupt -, _Y®S (6)
"*s-.._ generated? _.--"
No
No ;:"’INTCBORE interrupt\’:;. Is data being received No @)
“*-.._generated? .-~ last data?
.]g(es
®) CBOSCE bit =0 ®) CBOSCE bit=0
(CBOCTLO) (CBOCTLO)
| | (©)
9) Read CBORX register 9) Read CBORX register Read CBORX register
(12) CBOOVE bit =0 P \—
(CBOSTR) Tt No
(10) =22 INTCBOR interrupt e
“*-.._generated? .-~
] Yes
(11) Read CBORX register

CBOTSF bit = 0?
(CBOSTR)

(13)

(13) CBOCTLO register « 00H

=

Remarks 1. The broken lines indicate the hardware processing.

2. The numbers in this figure correspond to the processing numbers in (2) Operation timing.
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(2) Operation timing

CBOTSF bit

INTCBOR signal

CBOSCE bit

SCKBO pin —|_

SOBOpin |

SIBO pin Bit7 ABit6 A Bit5 ABit4 X Bit 3 ABit2 A Bit 1 X Bit O ABit 7 ABit 6 @@@@@ Bit0

REEREREEIIREERR

mE)@ 6 (6)(7) (8)(9) (10) (11)(13)
@)

(1) Write O0H to the CBOCTL1 register, and select communication type 1, communication clock (fccik) =
fxx/2, and master mode.

(2) Write O0OH to the CBOCTL2 register, and set the transfer data length to 8 bits.

(3) Write A3H to the CBOCTLO register, and select the reception mode, MSB first, and continuous transfer
mode at the same time as enabling the operation of the communication clock (fccLk).

(4) The CBOSTR.CBOTSF bit is set to 1 by performing a dummy read of the CBORX register, and
reception is started.

(5) When reception is started, output the serial clock to the SCKBO pin, and capture the receive data of
the SIBO pin in synchronization with the serial clock.

(6) When reception is completed, the reception end interrupt request signal (INTCBOR) is generated, and
reading of the CBORX register is enabled.

(7) When the CBOCTLO.CBOSCE bit = 1 upon communication completion, the next communication is
started following communication completion.

(8) To end continuous reception with the current reception, write the CBOSCE bit = 0.

(9) Read the CBORX register.

(10) When reception is completed, the INTCBOR signal is generated, and reading of the CBORX register is
enabled. When the CBOSCE bit = 0 is set before communication completion, the serial clock output to
the SCKBO pin is stopped, and the CBOTSF bit is cleared to 0, to end the receive operation.

(11) Read the CBORX register.

(12) If an overrun error occurs, write the CBOSTR.CBOOVE bit = 0, and clear the error flag.

(13) To release the reception enable status, write the CBOCTLO.CBOPWR bit = 0 and the
CBOCTLO.CBORXE bit = 0 after checking that the CBOTSF bit = 0.
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13.4.9 Continuous transfer mode (master mode, transmission/reception mode)

MSB first (CBOCTL0.CBODIR bit = 0), communication type 1 (CBOCTL1.CBOCKP and CBOCTL1.CBODAP bits =
00), communication clock (fccik) = fxx/2 (CBOCTL1.CBOCKS2 to CBOCTL1.CBOCKSO bits = 000), transfer data length
= 8 bits (CBOCTL2.CBOCL3 to CBOCTL2.CBOCLO bits = 0000)
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(1) Operation flow

C

START )

l

C
(1,2, | C

CBOCTLO register « E3H

BOCTL1 register « 00H
BOCTL2 register « 00H

l

Write CBOTX register

6), (1) =27
*-.._ generated? T

Is data being transmitted

-*INTCBOT interrupt ~~~.. NO

Yes (11)

(7) Write CBOTX register
I
®) .--~"INTCBOR interrupf""~_. Yes (9)
... generated? _.--" (10)
i [“0 Read CBORX register
No_ .-~ INTCBORE interrupt ™.
“*--.._ generated? _.--"
Yes (13) Is data being received
last data?
(13) Read CBORX register
(14) CBOOVE bit=0
(CBOSTR)

(15)

CBOTSF bit = 0?
(CBOSTR)

(15) CBOCTLO register < 00H

C

Remarks 1. The broken lines indicate the hardware processing.

2. The numbers in this figure correspond to the processing numbers in (2) Operation timing.
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(2) Operation timing
(1/2)

CBOTSF bit

INTCBOT signal

INTCBOR signal

SCKBO pin
SOBO pin Bit7 ABit6 X Bit 5 X Bit it 7 X Bit6 @@@@@ Bit 0

SIBO pin Bit 7 ABit6 A Bit 5 A Bit Bit0
SIBO pin capture 1 T T
timing

mn @ ©® (6) @) (8)(9) (10) (11) (12) (13)(15)

(1) Write O0OH to the CBOCTLI1 register, and select communication type 1, communication clock (fccik) =
fxx/2, and master mode.

(2) Write 00H to the CBOCTL2 register, and set the transfer data length to 8 bits.

(3) Write ESH to the CBOCTLO register, and select the transmission/reception mode, MSB first, and
continuous transfer mode at the same time as enabling the operation of the communication clock
(fcowk).

(4) The CBOSTR.CBOTSF bit is set to 1 by writing the transmit data to the CBOTX register, and
transmission/reception is started.

(5) When transmission/reception is started, output the serial clock to the SCKBO pin, output the transmit
data to the SOBO pin in synchronization with the serial clock, and capture the receive data of the SIBO
pin.

(6) When transfer of the transmit data from the CBOTX register to the shift register is completed and
writing to the CBOTX register is enabled, the transmission enable interrupt request signal (INTCBOT) is
generated.

(7) To continue transmission/reception, write the transmit data to the CBOTX register again after the
INTCBOT signal is generated.

(8) When one transmission/reception is completed, the reception end interrupt request signal (INTCBOR)
is generated, and reading of the CBORX register is enabled.

(9) When a new transmit data is written to the CBOTX register before communication completion, the next
communication is started following communication completion.

(10) Read the CBORX register.
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(2/2)

(11) The transfer of the transmit data from the CBOTX register to the shift register is completed and the
INTCBOT signal is generated. To end continuous transmission/reception with the current
transmission/reception, do not write to the CBOTX register.

(12) When the next transmit data is not written to the CBOTX register before transfer completion, the serial
clock output to the SCKBO pin is stopped after transfer completion, and the CBOTSF bit is cleared to 0.

(13) When the reception error interrupt request signal (INTCBORE) is generated, read the CBORX register.

(14) If an overrun error occurs, write the CBOSTR.CBOOVE bit = 0, and clear the error flag.

(15) To release the transmission/reception enable status, write the CBOCTLO.CBOPWR bit = 0, the
CBOCTLO.CBOTXE bit = 0, and the CBOCTL0.CBORXE bit = 0 after checking that the CBOTSF bit = 0.
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13.4.10 Continuous transfer mode (slave mode, transmission mode)

MSB first (CBOCTL0.CBODIR bit = 0), communication type 1 (CBOCTL1.CBOCKP and CBOCTL1.CBODAP bits =
00), communication clock (fcck) = external clock (SCKBO0) (CBOCTL1.CBOCKS2 to CBOCTL1.CBOCKSO bits = 111),
transfer data length = 8 bits (CBOCTL2.CBOCL3 to CBOCTL2.CBOCLO bits = 0000)

(1) Operation flow

(s )

CBOCTLA1 register « 07H
(1), (2), (38) | CBOCTL2 register < 00H
CBOCTLO register « C3H

4) Write CBOTX register

(4) -2 SCKBO pin input i °

*-.. started? __ .-°"

S

.~ -
el .*”

lYes

(5), (8) Start transmission !

6), (9) _--=""INTCBOT interrupt **+.._NO
, *-... Qenerated? .. i

-

~

Transmission
completed?

CBOTSF bit = 0?
(CBOSTR register)

(10)

(11) CBOCTLO « 00H

=

Remarks 1. The broken lines indicate the hardware processing.

2. The numbers in this figure correspond to the processing numbers in (2) Operation timing.
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(2) Operation timing

CBOTSF bit

INTCBOT signal

SCKBO pin

SOBO pin Bit 7 ABit 6 A Bit 5 A Bit

(11)

(1) Write 07H to the CBOCTL1 register, and select communication type 1, communication clock (fccik) =
external clock (SCKBO), and slave mode.

(2) Write O0H to the CBOCTL2 register, and set the transfer data length to 8 bits.

(3) Write C3H to the CBOCTLO register, and select the transmission mode, MSB first, and continuous
transfer mode at the same time as enabling the operation of the communication clock (fccik).

(4) The CBOSTR.CBOTSF bit is set to 1 by writing the transmit data to the CBOTX register, and the device
waits for a serial clock input.

(5) When a serial clock is input, output the transmit data from the SOBO pin in synchronization with the
serial clock.

(6) When transfer of the transmit data from the CBOTX register to the shift register is completed and
writing to the CBOTX register is enabled, the transmission enable interrupt request signal (INTCBOT) is
generated.

(7) To continue transmission, write the transmit data to the CBOTX register again after the INTCBOT signal
is generated.

(8) When a serial clock is input following completion of the transmission of the transfer data length set with
the CBOCTL2 register, continuous transmission is started.

(9) When transfer of the transmit data from the CBOTX register to the shift register is completed and
writing to the CBOTX register is enabled, the INTCBOT signal is generated. To end continuous
transmission with the current transmission, do not write to the CBOTX register.

(10) When the clock of the transfer data length set with the CBOCTL2 register is input without writing to the
CBOTX register, the CBOTSF bit is cleared to to 0 to end transmission.

(11) To release the transmission enable status, write the CBOCTLO0.CBOPWR bit = 0 and the
CBOCTLO.CBOTXE bit = 0 after checking that the CBOTSF bit = 0.

Caution In continuous transmission mode, the reception end interrupt request signal (INTCBOR) is
not generated.
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13.4.11 Continuous transfer mode (slave mode, reception mode)

MSB first (CBOCTL0.CBODIR bit = 0), communication type 1 (CBOCTL1.CBOCKP and CBOCTL1.CBODAP bits =
00), communication clock (fcck) = external clock (SCKBO0) (CBOCTL1.CBOCKS2 to CBOCTL1.CBOCKSO bits = 111),
transfer data length = 8 bits (CBOCTL2.CBOCL3 to CBOCTL2.CBOCLO bits = 0000)
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(1) Operation flow

(s )

l

CBOCTL1 register < 07H
(1), (2), (3) CBOCTL2 register < 00H
CBOCTLO register « A3H
@ CBORX register
dummy read

4) .;:"-—SCKBO pin input ~'“~:%
Te..., started? .- °

IYes

NTCBOR interrupt *~-.__YeS

*~... generated? _.--°"

No

No .- INTCBORE interrupf “*-.,
s..._ generated? _..-"”

Is data being received

last data?

]Yes
(®) CBOSCE bit=0 ®) CBOSCE bit=0
(CBOCTLO) (CBOCTLO)
9) Read CBORX register 9) Read CBORX register
‘ —
(12) CBOOVE bit = 0
CBOSTR
( ) (10) -2z~ INTCBOR interrupi ™™+, N
*~.._ generated? _.--*"
) Yes
(11) Read CBORX register
(13) CBOTSF bit = 0?

(CBOSTR)

(13) CBOCTLO register « 00H

Remarks 1. The broken lines indicate the hardware processing.

2. The numbers in this figure correspond to the processing numbers in (2) Operation timing.

)

Read CBORX register

L]
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(2) Operation timing

CBOTSF bit
INTCBOR signal

CBOSCE bit

SCKBO pin —|_

SIBOpinCEtliF:rt]liir:: 1 f 1 1 1 1 1 f 1

SIBO pin Bit 7 X Bit 6 X Bit 5 X Bit 4 XBit 3 X Bit 2 X Bit 1 X Bit 0 X Bit 7 X Bit 6 @@@@@ Bito
(10)

E1 ; @@ ©) 6)(7) (8)(9) (11)(13)
2

(1) Write 07H to the CBOCTLI1 register, and select communication type 1, communication clock (fccik) =
external clock (W), and slave mode.

(2) Write 00H to the CBOCTL2 register, and set the transfer data length to 8 bits.

(8) Write A3H to the CBOCTLO register, and select the reception mode, MSB first, and continuous transfer
mode at the same time as enabling the operation of the communication clock (fccLk).

(4) The CBOSTR.CBOTSF bit is set to 1 by performing a dummy read of the CBORX register, and the
device waits for a serial clock input.

(5) When a serial clock is input, capture the receive data of the SIBO pin in synchronization with the serial
clock.

(6) When reception is completed, the reception end interrupt request signal (INTCBOR) is generated, and
reading of the CBORX register is enabled.

(7) When a serial clock is input in the CBOCTLO0.CBOSCE bit = 1 status, continuous reception is started.

(8) To end continuous reception with the current reception, write the CBOSCE bit = 0.

(9) Read the CBORX register.

(10) When reception is completed, the INTCBOR signal is generated, and reading of the CBORX register is
enabled. When the CBOSCE bit = 0 is set before communication completion, the CBOTSF bit is
cleared to 0 to end reception.

(11) Read the CBORX register.

(12) If an overrun error occurs, write the CBOSTR.CBOOVE bit = 0, and clear the error flag.

(13) To release the reception enable status, write the CBOCTLO.CBOPWR bit = 0 and the
CBOCTLO.CBORXE bit = 0 after checking that the CBOTSF bit = 0.
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13.4.12 Continuous transfer mode (slave mode, transmission/reception mode)

MSB first (CBOCTLO0.CBODIR bit = 0), communication type 1 (CBOCTL1.CBOCKP and CBOCTL1.CBODAP bits =
00), communication clock (fcck) = external clock (SCKBO0) (CBOCTL1.CBOCKS2 to CBOCTL1.CBOCKSO bits = 111),
transfer data length = 8 bits (CBOCTL2.CBOCL3 to CBOCTL2.CBOCLO bits = 0000)
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(1) Operation flow

START

CBOCTLT1 register « 07H
(1), (2), (3) | CBOCTL2 register «- 00H
CBOCTLO register « E3H

(4) Write CBOTX register

—
(4) ¢::"' SCKBO pin input \'_‘; No

el started? _.-*”

(5) . Start transmission/reception

NTCBOT interrupt ~+-._N©
“~... generated? _.--

(6), (11) -

Yes (11)

Is data being transmitted

(7) Write CBOTX register

(8) -z INTCBOR interrupi ™*~-, _Y©S ©
“*s-.._ generated? e (10)
_1[\‘0 Read CBORX register

No_..-*INTCBORE interrupt **-.,
**-..__generated? [0t

Is receive data

} Yes (13) last data?
(13) Read CBORX register
(14) CBOOVE bit=0
(CBOSTR)

CBOTSF bit = 0?
(CBOSTR)

(15)

(15) CBOCTLO register «- 00H

Remarks 1. The broken lines indicate the hardware processing.
2. The numbers in this figure correspond to the processing numbers in (2) Operation timing.
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(2) Operation timing
(1/2)

CBOTSF bit

INTCBOT signal

INTCBOR signal
SCKBO pin

SOBO pin Bit7 ABit6 ABit5 X Bit4 A Bit3 X Bit2 X Bit 1 A Bit 0 A Bit

SIBO pin Bit7 ABit6 ABit5 X\ Bit4 A Bit3 ABit2 A Bit 1 A Bit 0 A Bit

SIBOpinC?il::i:: 1 f f 1 1 1 1

M @ ©® (6) @) (8)(9) (10) (11) (12) (13)(15)

(1) Write 07H to the CBOCTL1 register, and select communication type 1, communication clock (fccik) =
external clock (m), and slave mode.

(2) Write 00H to the CBOCTL2 register, and set the transfer data length to 8 bits.

(3) Write E3H to the CBOCTLO register, and select the transmission/reception mode, MSB first, and
continuous transfer mode at the same time as enabling the operation of the communication clock
(fcewk).

(4) The CBOSTR.CBOTSF bit is set to 1 by writing the transmit data to the CBOTX register, and the device
waits for a serial clock input.

(5) When a serial clock is input, output the transmit data to the SOBO pin in synchronization with the serial
clock, and capture the receive data of the SIBO pin.

(6) When transfer of the transmit data from the CBOTX register to the shift register is completed and
writing to the CBOTX register is enabled, the transmission enable interrupt request signal (INTCBOT) is
generated.

(7) To continue transmission, write the transmit data to the CBOTX register again after the INTCBOT signal
is generated.

(8) When reception of the transfer data length set with the CBOCTL2 register is completed, the reception
end interrupt request signal (INTCBOR) is generated, and reading of the CBORX register is enabled.

(9) When a serial clock is input continuously, continuous transmission/reception is started.

(10) Read the CBORX register.

(11) When transfer of the transmit data from the CBOTX register to the shift register is completed and
writing to the CBOTX register is enabled, the INTCBOT signal is generated. To end continuous
transmission/reception with the current transmission/reception, do not write to the CBOTX register.
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@/2)

(12) When the clock of the transfer data length set with the CBOCTL2 register is input without writing to the
CBOTX register, the INTCBOR signal is generated and the CBOTSF bit is cleared to 0 to end
transmission/reception.

(13) When the reception error interrupt request signal (INTCBORE) is generated, read the CBORX register.

(14) If an overrun error occurs, write the CBOSTR.CBOOVE bit = 0, and clear the error flag.

(15) To release the transmission/reception enable status, write the CBOCTLO.CBOPWR bit = 0, the
CBOCTLO.CBOTXE bit = 0, and the CBOCTL0.CBORXE bit = 0 after checking that the CBOTSF bit = 0.
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13.4.13 Reception error

When transfer is performed with reception enabled (CBOCTL0.CBORXE bit = 1) in the continuous transfer mode,
the reception error interrupt request signal (INTCBORE) is generated when the next receive operation is completed
before the CBORX register is read after the reception end interrupt request signal (INTCBOR) is generated, and the

overrun error flag (CBOSTR.CBOOVE) is set to 1.

Even if an overrun error has occurred, the previous receive data is lost since the CBORX register is updated. Even
if a reception error has occurred, the INTCBORE signal is generated again upon the next reception completion if the

CBORX register is not read.

To avoid an overrun error, complete reading the CBORX register until one half clock before sampling the last bit of

the next receive data from the INTCBOR signal generation.

(1) Operation timing

CBORKX register
read signal

INTCBOR signal

INTCBORE signal

CBOOVE bit

CBORX register /AAH

- 55

S|BOpincetxirr)Tt1tilr:3 f 1 T f 1 1 T 1 T 1

1
2

Start continuous transfer.
Completion of the first transfer

4
receive data is overwritten.

|
(o ozriRosfonrf s oo ornihozriRosreRonrX N
—f

SCKBO pin

X55H

(1)

(2)

(3) The CBORX register cannot be read until one half clock before the completion of the second transfer.

(4) An overrun error occurs, and the reception error interrupt request signal (INTCBORE) is generated. The
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13.4.14 Clock timing

(1/2)

SIBO pin
capture

SOBO pin
Reg-R/W
INTCBOT

interruptNoe?

INTCBOR
interruptNo*® 2

CBOTSF bit

SIBO pin
capture

SOBO pin

Reg-R/W

INTCBOT
interruptNoe?

INTCBOR
interruptN°*®2

CBOTSF bit

1

1

(i) Communication type 1 (CBOCKP and CBODAP bits = 00)

SCKBO pin ||||||||||||||||

t 1

XD7XDGXD5XD4XDSXD2XD1XDO

1

1

(i) Communication type 3 (CBOCKP and CBODAP bits = 10)

SCKBO pin |—||—||—||—||—||—||—||—|

1

1

X o7 X pe X bs X b4 X p3 X D2 X D1 X DO

CBORX register while reception is enabled.

Notes 1. The INTCBOT interrupt is set when the data written to the CBOTX register is transferred to the data
shift register in the continuous transmission or continuous transmission/reception mode.
single transmission or single transmission/reception mode, the INTCBOT interrupt request signal is
not generated, but the INTCBOR interrupt request signal is generated upon end of communication.

2. The INTCBOR interrupt occurs if reception is correctly ended and receive data is ready in the

In the single mode, the INTCBOR interrupt request

signal is generated even in the transmission mode, upon end of communication.

Caution In single transfer mode, writing to the CBOTX register with the CBOTSF bit set to 1 is ignored.
This has no influence on the operation during transfer.
Use the continuous transfer mode, not the single transfer mode.

In the
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(2/2)

Notes 1. The INTCBOT interrupt is set when the data written to the CBOTX register is transferred to the data
shift register in the continuous transmission or continuous transmission/reception mode.
single transmission or single transmission/reception mode, the INTCBOT interrupt request signal is
not generated, but the INTCBOR interrupt request signal is generated upon end of communication.

The INTCBOR interrupt occurs if reception is correctly ended and receive data is ready in the
In the single mode, the INTCBOR interrupt request

Caution

SCKBO pin

SIBO pin
capture

SOBO pin

Reg-R/W

INTCBOT
interruptete?

INTCBOR
interruptNo'e 2

CBOTSF bit

SCKBO pin

SIBO pin
capture

SOBO pin

Reg-R/W

INTCBOT
interruptNoe !

INTCBOR
interruptNe®e 2

CBOTSF bit

CBORX register while reception is enabled.

(iii) Communication type 2 (CBOCKP and CBODAP bits = 01)

[ R A A R
S S S

D7

X ps X s X psa ¥ ps X b2 X D1 X Do

(iv) Communication type 4 (CBOCKP and CBODAP bits = 11)

t t t

L L L L L L L

D7

XDGXDSXD4XD3XD2XD1XD

o

signal is generated even in the transmission mode, upon end of communication.

In single transfer mode, writing to the CBOTX register with the CBOTSF bit set to 1 is ignored.

This has no influence on the operation during transfer.
Use the continuous transfer mode, not the single transfer mode.

In the
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13.5 Output Pins

(1) SCKBO pin

When CSIBO operation is disabled (CBOCTL0.CBOPWR bit = 0), the SCKBO pin output status is as follows.

CBOCKP CBOCKS2

CBOCKSH1

CBOCKSO0 SCKBO Pin Output

0 1

1

1 High impedance

Other than above

Fixed to high level

1

High impedance

Other than above

Fixed to low level

Remark The output level of the SCKBO pin changes if any of the CBOCTL1.CBOCKP and CBOCKS2 to
CBOCKSO bits is rewritten.

(2) SOBO pin
When CSIBO operation is disabled (CBOPWR bit = 0), the SOBO pin output status is as follows.

CBOTXE CBODAP CBODIR SOBO Pin Output
0 x x Fixed to low level
1 0 x SOBO latch value (low level)
1 0 CBOTXO value (MSB)
1 CBOTXO0 value (LSB)

Remarks 1. The SOBO pin output changes if any of the CBOCTLO.CBOTXE,
CBOCTLO.CBODIR, or CBOCTL1.CBODAP bit is rewritten.

2. x:Don’t care
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The V850ES/IK1 is provided with a dedicated interrupt controller (INTC) for interrupt servicing and can process a
total of 43 interrupt requests.

An interrupt is an event that occurs independently of program execution, and an exception is an event whose
occurrence is dependent on program execution.

The VB850ES/IK1 can process interrupt requests from the on-chip peripheral hardware and external sources.
Moreover, exception processing can be started by the TRAP instruction (software exception) or by generation of an
exception event (i.e. fetching of an illegal opcode) (exception trap).

14.1 Features

O Interrupts
o Non-maskable interrupts: 1 source (external: none, internal: 1 source)
o Maskable interrupts
External: 7 sources, internal: 35 sources
* 8 levels of programmable priorities (maskable interrupts)

Multiple interrupt control according to priority
e Masks can be specified for each maskable interrupt request.
* Noise elimination, edge detection, and valid edge specification for external interrupt request signals.

O Exceptions
o Software exceptions: 32 sources

o Exception traps: 2 sources (illegal opcode exception and debug trap)

Interrupt sources are listed below.
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Table 14-1. Interrupt Source List (1/3)

Type |Classification| Default Name Generating Source Generating | Exception Handler Restored | Interrupt
Priority Unit Code Address PC Control
Register
Reset Interrupt - RESET RESET pin input Pin 0000H 00000000H |Undefined -
WDT overflow WDT
(WDTRES)

Low-voltage detection (LVIRES) |POC/LVI

Non- Interrupt - INTWDT WDT overflow WDT 0010H 00000010H |nextPC -
maskable
Software |Exception - TRAPON"™*' [TRAP instruction - 004nH 00000040H |nextPC -
exception | eyception - TRAP1n™*' | TRAP instruction - 005nH 00000050H  [nextPC -
Exception |Exception - ILGOP/ Invalid instruction code/ - 0060H 00000060H  [nextPC -
trap DBGO DBTRAP instruction
Maskable |Interrupt 0 INTPO INTPO pin valid edge input Pin 0080H 00000080H |nextPC PICO
Interrupt 1 INTP1 INTP1 pin valid edge input Pin 0090H 00000090H |nextPC PIC1
Interrupt 2 INTP2 INTP2 pin valid edge input Pin 00AOH 000000AOH |nextPC PIC2
Interrupt 3 INTP3 INTP3 pin valid edge input Pin 00BOH 000000BOH |nextPC PIC3
Interrupt 4 INTP4 INTP4 pin valid edge input Pin 00COH 000000COH |nextPC PIC4
Interrupt 5 INTP5 INTP5 pin valid edge input Pin 00DOH 000000DOH |nextPC  |PIC5
Interrupt 6 INTP6 INTP6 pin valid edge input Pin 00EOH 000000EOH |nextPC PIC6
Interrupt 7 INTLVI Low-voltage detection POC/LVI 00FOH 000000FOH [nextPC  |LVIIC
Interrupt - - Not used - - 00000100H - -
Interrupt - - Not used - - 00000110H - -
Interrupt 8 INTTQOOV TMQO overflow TMQO 0120H 00000120H [nextPC | TQOOVIC
Interrupt 9 INTTQOCCO |TQOCCRO capture input/ TMQO 0130H 00000130H |nextPC | TQOCCICO
compare match
Interrupt 10 INTTQOCC1 |TQOCCRT1 capture input/ TMQO 0140H 00000140H |[nextPC | TQOCCIC1
compare match
Interrupt 11 INTTQOCC2 |TQOCCR2 capture input/ TMQO 0150H 00000150H |nextPC | TQOCCIC2
compare match
Interrupt 12 INTTQOCC3 |TQOCCRS capture input/ TMQO 0160H 00000160H |[nextPC | TQOCCIC3
compare match
Interrupt 13 INTTQ1OV  |TMQ1 overflow"? T™MQ1 0170H 00000170H |nextPC  |TQIOVIC
Interrupt 14 INTTQ1CCO |TQ1CCRO compare match™** | TMQ1 0180H 00000180H |[nextPC  [TQICCICO
Interrupt 15 INTTQ1CC1 |[TQ1CCR1 compare match T™Q1 0190H 00000190H |nextPC | TQICCICH
Interrupt 16 INTTQ1CC2 |TQ1CCR2 compare match T™MQ1 01AOH 000001AOH |nextPC  |TQICCIC2
Interrupt 17 INTTQ1CC3 [TQ1CCR3 compare match T™Q1 01BOH 000001BOH |nextPC | TQICCIC3
Interrupt - - Not used - - 000001COH - -
Interrupt - - Not used - - 000001DOH - -

Notes 1. nis the value between 0 to FH.
2. When TMQ1 is used in the 6-phase PWM output mode, it functions as INTTQ10V (valley interrupt) from
the TMQ1 option (TMQOP1).
3. When TMQ1 is used in the 6-phase PWM output mode, it functions as INTTQ1CCO (crest interrupt) from
the TMQ1 option (TMQOP1).
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INTERRUPT/EXCEPTION PROCESSING FUNCTION

Table 14-1. Interrupt Source List (2/3)

Type |Classification| Default Name Generating Source Generating | Exception Handler Restored | Interrupt
Priority Unit Code Address PC Control
Register
Maskable |Interrupt - - Not used - - 000001EOH - -
Interrupt - - Not used - - 000001FOH - -
Interrupt - - Not used - - 00000200H - -
Interrupt - - Not used - - 00000210H - -
Interrupt - - Not used - - 00000220H - -
Interrupt - - Not used - - 00000230H - -
Interrupt 18 INTTPOOV  |TMPO overflow TMPO 0240H 00000240H |nextPC  |TPOOVIC
Interrupt 19 INTTPOCCO |TPOCCRO capture input/ TMPO 0250H 00000250H |nextPC | TPOCCICO
compare match
Interrupt 20 INTTPOCC1 |TPOCCR1 capture input/ TMPO 0260H 00000260H |nextPC | TPOCCIC1
compare match
Interrupt 21 INTTP1OV  |[TMP1 overflow TMP1 0270H 00000270H |nextPC  |TP10OVIC
Interrupt 22 INTTP1CCO [TP1CCRO compare match TMP1 0280H 00000280H |nextPC TP1CCICO
Interrupt 23 INTTP1CC1 |TP1CCR1 compare match TMP1 0290H 00000290H |nextPC  |TP1CCICH
Interrupt 24 INTTP20V  |TMP2 overflow TMP2 02A0H 000002A0H |[nextPC  |TP20VIC
Interrupt 25 INTTP2CCO |TP2CCRO capture input/ TMP2 02BOH 000002BOH |nextPC | TP2CCICO
compare match
Interrupt 26 INTTP2CC1 |[TP2CCR1 capture input/ TMP2 02COH 000002COH |nextPC TP2CCIC1
compare match
Interrupt 27 INTTP3OV  |TMP3 overflow TMP3 02DOH 000002D0OH |nextPC  |TP30OVIC
Interrupt 28 INTTP3CCO |TP3CCRO compare match TMP3 02EOH 000002EOH |nextPC | TP3CCICO
Interrupt 29 INTTP3CC1 |TP3CCR1 compare match TMP3 02FOH 000002FOH |nextPC | TP3CCICH
Interrupt - - Not used - - 00000300H - -
Interrupt - - Not used - - 00000310H - -
Interrupt - - Not used - - 00000320H - -
Interrupt - - Not used - - 00000330H - -
Interrupt 30 INTUAORE UARTAO receive error UARTAO 0340H 00000340H |nextPC  |UAOREIC
Interrupt 31 INTUAOR UARTAO reception end UARTAO 0350H 00000350H |nextPC UAORIC
Interrupt 32 INTUAOT UARTAO reception enable UARTAO 0360H 00000360H |nextPC UAOTIC
Interrupt 33 INTCBORE CSIBO receive error CSIBO 0370H 00000370H |nextPC CBOREIC
Interrupt 34 INTCBOR CSIBO transmission/reception  |CSIBO 0380H 00000380H |nextPC CBORIC
completion
Interrupt 35 INTCBOT CSIBO continuous transmission |CSIBO 0390H 00000390H |nextPC CBOTIC
enable
Interrupt 36 INTUA1RE UARTAT1 receive error UARTA1 03A0H 000003A0H |nextPC  |UA1REIC
Interrupt 37 INTUATR UARTAT1 reception end UARTA1 03BOH 000003BOH |nextPC UA1RIC
Interrupt 38 INTUATT UARTAT1 transmission enable  |UARTA1 03COH 000003COH |nextPC UA1TIC
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Table 14-1. Interrupt Source List (3/3)

Type |Classification| Default Name Generating Source Generating | Exception Handler Restored | Interrupt
Priority Unit Code Address PC Control
Register
Maskable |Interrupt - - Not used - - 000003DOH - -
Interrupt - - Not used - - 000003EO0H - -
Interrupt - - Not used - - 000003F0OH - -
Interrupt 39 INTADO ADCO conversion completion ADCO 0400H 00000400H |nextPC  |ADOIC
Interrupt 40 INTAD1 ADC1 conversion completion ADCH 0410H 00000410H |nextPC  |AD1IC
Interrupt - - Not used - - 00000420H - -
Interrupt 4 INTTMOEQO |TMOCMPO compare match TMMO 0430H 00000430H |nextPC | TMOEQICO

Remarks 1. Default Priority: The priority order when two or more maskable interrupt requests are generated at

548

Restored PC:

nextPC:

the same time. The highest priority is 0.

The value of the program counter (PC) saved to EIPC, FEPC, or DBPC when

interrupt servicing is started. Note, however, that the restored PC when a non-

maskable or maskable interrupt is acknowledged while one of the following

instructions is being executed does not become the nextPC. (If an interrupt is

acknowledged during interrupt execution, execution stops, and then resumes after

the interrupt servicing has finished. In this case, the address of the aborted

instruction is the restore PC.)

¢ Load instructions (SLD.B, SLD.BU, SLD.H, SLD.HU, SLD.W)

e Division instructions (DIV, DIVH, DIVU, DIVHU)

e PREPARE, DISPOSE instructions (only if an interrupt is generated before the
stack pointer is updated)

The PC value from which the processing starts following interrupt/exception

processing.

2. The execution address of the illegal instruction when an illegal opcode exception occurs is calculated
by (Restored PC — 4).
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14.2 Non-Maskable Interrupts

A non-maskable interrupt request signal is acknowledged unconditionally, even when interrupts are in the interrupt
disabled (DI) status. An NMI is not subject to priority control and takes precedence over all the other interrupt request
signals.

The non-maskable interrupt signal of the V850ES/IK1 is the non-maskable interrupt request signal generated by
the overflow of the watchdog timer (INTWDT).

INTWDT functions when the WDTM.WDM1 and WDTM.WDMO bits are set to “01”.
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14.2.1 Operation
If a non-maskable interrupt request signal (INTWDT) is generated, the CPU performs the following processing, and

transfers control to the handler routine.
) Saves the restored PC to FEPC.
) Saves the current PSW to FEPSW.
(3) Writes the exception code (0010H) to the higher halfword (FECC) of ECR.

) Sets the PSW.NP and PSW.ID bits (1) and clears the PSW.EP bit (0).

) Loads the handler address (00000010H) of the non-maskable interrupt routine to the PC, and transfers control.

The following shows the non-maskable interrupt servicing.

Figure 14-1. Non-Maskable Interrupt Servicing

— < INTWDT input >
7}L <Non-maskable interrupt request)

PSW. NP

-

INTC acknowledged

CPU processing

FEPC - Restored PC ( Interrupt request pending >
FEPSW -— PSW

ECR. FECC =— Exception code
PSW.NP =—1

PSW.EP =—0

PSW.ID =1

PC -— 00000010H

< Interrupt servicing >
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14.2.2 Restore

Execution is restored from non-maskable interrupt servicing by the RETI instruction.

When the RETI instruction is executed, the CPU performs the following processing, and transfers control to the
address of the restored PC.

<1> Restores the values of the PC and the PSW from FEPC and FEPSW, respectively, because the PSW.EP bit
is 0 and the PSW.NP bit is 1.
<2> Transfers control back to the address of the restored PC and PSW.

The following illustrates how the RETI instruction is processed.

Figure 14-2. RETI Instruction Processing

( RETI instruction )

: 0

: 1

; PSW.NP

AR -0
PC ~EIPC PC < FEPC
PSW ~EIPSW PSW = FEPSW

( Original processing restored )

Caution When the EP and NP bits are changed by the LDSR instruction during non-maskable interrupt
servicing, in order to restore the PC and PSW correctly during recovery by the RETI
instruction, it is necessary to set EP back to 0 and NP back to 1 using the LDSR instruction
immediately before the RETI instruction.

Remark The solid line shows the CPU processing flow.
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14.2.3 Non-maskable interrupt status flag (NP)

The NP flag is a status flag that indicates that non-maskable interrupt (INTWDT) servicing is in progress. The NP
flag is allocated to the PSW.

This flag is set when an INTWDT interrupt signal has been acknowledged, and masks all interrupt requests and
exceptions to prohibit multiple interrupts from being acknowledged.

The flag is cleared to 00000020H after reset.

After reset: 00000020H

31 8 7 6 5 4 3 2 1 0
PSW 0 [np{EP| D |saT/cY[ov] s | z |
NP Non-maskable interrupt (INTWDT) servicing status
0 No non-maskable interrupt servicing
1 Non-maskable interrupt servicing in progress
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14.3 Maskable Interrupts

Maskable interrupt request signals can be masked by interrupt control registers. The V850ES/IK1 has 42
maskable interrupt sources.

If two or more maskable interrupt request signals are generated at the same time, they are acknowledged
according to the default priority. In addition to the default priority, eight levels of priorities can be specified by using
the interrupt control registers (programmable priority control).

When an interrupt request signal has been acknowledged, the acknowledgment of other maskable interrupt request
signals is disabled and the interrupt disabled (DI) status is set.

When the El instruction is executed in an interrupt service routine, the interrupt enabled (El) status is set, which
enables servicing of interrupts having a higher priority than the interrupt request signal in progress (specified by the
interrupt control register). Note that only interrupts with a higher priority will have this capability; interrupts with the
same priority level cannot be serviced as multiple interrupts.

To enable multiple interrupt servicing, however, save EIPC and EIPSW to memory or registers before executing
the El instruction, and execute the DI instruction before the RETI instruction to restore the original values of EIPC and
EIPSW.

14.3.1 Operation
If a maskable interrupt occurs, the CPU performs the following processing, and transfers control to the handler
routine.

<1> Saves the restored PC to EIPC.

<2> Saves the current PSW to EIPSW.

<3> Writes an exception code to the lower halfword of ECR (EICC).

<4> Sets the PSW.ID bit to 1 and clears the PSW.EP bit to 0.

<5> Sets the handler address corresponding to each interrupt to the PC, and transfers control.

The maskable interrupt request signal masked by interrupt controller (INTC) and the maskable interrupt request
signal generated while another interrupt is being serviced (while PSW.NP bit = 1 or ID bit = 1) are held pending inside
the INTC. In this case, servicing a new maskable interrupt is started in accordance with the priority of the pending
maskable interrupt request signal if either the maskable interrupt is unmasked or NP and ID bits are cleared to 0 by
using the RETI or LDSR instruction.

How maskable interrupts are serviced is illustrated below.
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Figure 14-3. Maskable Interrupt Servicing

T ( INT input )

INTC accepted

Prio

priority of i
with the

Priority higher than
that of interrupt currently
being serviced?

than that of other interrupt
request?

ighest default

Interrupt requested?

No

Is the interrupt
mask released?

No

rity higher

No

nterrupt requests

No

same priority?

a1 (Maskable interrupt request)

CPU processing

Qnterrupt request held pending)

EIPC
EIPSW
ECR.EICC
PSW.EP
PSW.ID

bit of ISPRNete
PC

-— Restored PC
PSW
Exception code
0

1

-
-
-
-

Corresponding =— 1

-— Handler address

Qnterrupt request held pendingD

( Interrupt servicing )

Note For details of the ISPR register, see 14.3.6 In-service priority register (ISPR).
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14.3.2 Restore

Recovery from maskable interrupt servicing is carried out by the RETI instruction.

When the RETI instruction is executed, the CPU performs the following steps, and transfers control to the address
of the restored PC.

<1> Restores the values of the PC and the PSW from EIPC and EIPSW because the PSW.EP bit is 0 and the
PSW.NP bit is 0.
<2> Transfers control to the address of the restored PC and PSW.

The processing of the RET]I instruction is shown below.

Figure 14-4. RETI Instruction Processing

( RET]I instruction )

PC -— EIPC PC <— FEPC
PSW -— EIPSW PSW =«— FEPSW
Corresponding =— 0
bit of ISPRNete

( Restores original processing )

Note For the ISPR register, see 14.3.6 In-service priority register (ISPR).

Caution When the EP and NP bits are changed by the LDSR instruction during maskable interrupt
servicing, in order to restore the PC and PSW correctly during recovery by the RETI
instruction, it is necessary to set EP back to 0 and NP back to 0 using the LDSR instruction
immediately before the RETI instruction.

Remark The solid line shows the CPU processing flow.
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14.3.3 Priorities of maskable interrupts

The INTC provides multiple interrupt servicing in which an interrupt is acknowledged while another interrupt is
being serviced. Multiple interrupts can be controlled by priority levels.

There are two types of priority level control: control based on the default priority levels, and control based on the
programmable priority levels that are specified by the interrupt priority level specification bit (xxPRn) of the interrupt
control register (xxICn). When two or more interrupts having the same priority level specified by the xxPRn bit are
generated at the same time, interrupts are serviced in order depending on the priority level allocated to each interrupt
request signal type (default priority level) beforehand. For more information, see Table 14-1 Interrupt Source List.
Programmable priority control customizes interrupt request signals into eight levels by the setting of the priority level
specification flag.

Note that when an interrupt request signal is acknowledged, the PSW.ID flag is automatically set to 1. Therefore,
when multiple interrupts are to be used, clear the ID flag to 0 beforehand (for example, by placing the El instruction in
the interrupt servicing program) to set the interrupt enabled mode.

Remark xx: Identification name of each peripheral unit (see Table 14-2)
n: Peripheral unit number (see Table 14-2)
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Figure 14-5. Example of Processing in Which Another Interrupt Request Signal Is Issued
While an Interrupt Is Being Serviced (1/2)

C Main routine )

E

‘ Servicing of a Servicing of b

El

:

Interrupt request a — Interrupt
(level 3) request b Interrupt request b is acknowledged because the
(level 2) — priority of b is higher than that of a and interrupts are
enabled.
/ Servicing of ¢
Interrupt request ¢ — “nterrupt request d o i o
(level 3) (level 2)—= Although the priority of interrupt request d is higher
than that of ¢, d is held pending because interrupts
are disabled.

Servicing of d

Servicing of e

\ /)

Interrupt request € —— nterrupt request f

(level 2) (level 3) — Interrupt request f is held pending even though

interrupts are enabled because its priority is lower
than that of e.

Servicing of f

/1

Servicing of g

Interrupt request g — Interrupt request h
(level 1) (level 1) — Interrupt request h is held pending even though

interrupts are enabled because its priority is the
same as that of g.

Servicing of h

/)

Caution To perform multiple interrupt servicing, the values of the EIPC and EIPSW registers must be
saved before executing the El instruction. When returning from multiple interrupt servicing,
restore the values of EIPC and EIPSW after executing the DI instruction.

Remarks 1. a to u in the figure are the temporary names of interrupt request signals shown for the sake of
explanation.
2. The default priority in the figure indicates the relative priority between two interrupt request
signals.
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Figure 14-5. Example of Processing in Which Another Interrupt Request Signal Is Issued
While an Interrupt Is Being Serviced (2/2)

( Main routine )

El

Servicing of i
El Servicing of k

Interrupt
request j_,

(level 3) Interrupt request j is held pending because its
Interrupt request k T f
priority is lower than that of i.

1)
(leve k that occurs after j is acknowledged because it
has the higher priority.
Servicing of j

Servicing of |

Interrupt request i —
(level 2)

interrupt Interrupt requests m and n are held pending
request m because servicing of | is performed in the interrupt
(level 3) — disabled status.

Interrupt request n
Pending interrupt requests are acknowledged after

e
servicing of interrupt request I.

At this time, interrupt request n is acknowledged
first even though m has occurred first because the
priority of n is higher than that of m.

Interrupt request | —
(level 2)

Servicing of n

Servicing of m

Servicing of o
EI Servicing of p Servicing of
Interrupt request 0 — \/TEI ervicing of q N
(level 3) rér::‘tgég;p; Interrupt El Servicing of r
(level 2) request q =" Interrupt

(level 1) request r —m
(level 0)

If levels 3 to 0 are acknowledged

Servicing of s Pending interrupt requests t and u are
acknowledged after servicing of s.

Interrupt Because the priorities of t and u are the same, u is
request t acknowledged first because it has the higher
Interrupt request s — (level 2) | Note1 default priority, regardiess of the order in which the
(level 1) Interrupt request u interrupt requests have been generated.

level 2)—w | Note2

Servicing of u

icing of t
Servicing o Notes 1. Lower default priority

2. Higher default priority

Caution To perform multiple interrupt servicing, the values of the EIPC and EIPSW registers must be
saved before executing the El instruction. When returning from multiple interrupt servicing,
restore the values of EIPC and EIPSW after executing the DI instruction.
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Figure 14-6. Example of Servicing Interrupt Request Signals Generated Simultaneously

( Main routine )

Interrupt request a (level 2)
Interrupt request b (level 1) -
Interrupt request c (level 1)

54

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

* Because the priorities of b and ¢ are
the same, b is acknowledged first

Default priority according to the default priority.

a>b>c

Servicing of interrupt request ¢

Servicing of interrupt request a

il

Caution To perform multiple interrupt servicing, the values of the EIPC and EIPSW registers must be
saved before executing the El instruction. When returning from multiple interrupt servicing,
restore the values of EIPC and EIPSW after executing the DI instruction.

Remarks 1. a to c in the figure are assumed names given to interrupt request signals for the sake of
explanation.
2. The default priority in the figure indicates the relative priority between two interrupt request
signals.
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14.3.4 Interrupt control registers (xxICn)

An xxICn register is assigned to each interrupt request signal (maskable interrupt) and sets the control conditions
for each maskable interrupt request.

These registers can be read or written in 8-bit or 1-bit units.

Reset sets these registers to 47H.

Cautions 1. Disable interrupts (DI) to read the xxICn.xxIFn bit. If the xxIFn bit is read while interrupts are
enabled (El), the correct value may not be read when acknowledging an interrupt and reading
the bit conflict.

<R> 2. When manipulating the xxICn.xxMKn bit while interrupt requests may occur (including the
state in which interrupts are disabled (DI)), be sure to use a bit manipulation instruction or
use the IMRm.xxMKn bit (m = 0 to 3).
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After reset: 47H R/W Address: FFFFF110H to FFFFF186H

<7> <6> 5 4 3 2 1 0
xxICn | xxIFn ‘ xxMKn ‘ 0 ‘ 0 ‘ 0 ‘ xxPRn2 ‘ xxPRn1 ‘ xxPRn0O |
xxIFn Interrupt request flagNote
0 Interrupt request not issued
1 Interrupt request issued
xxMKn Interrupt mask flag
0 Interrupt servicing enabled
1 Interrupt servicing disabled (pending)
xxPRn2 | xxPRn1 | xxPRnO Interrupt priority specification bit
0 0 0 Specifies level 0 (highest).
0 0 1 Specifies level 1.
0 1 0 Specifies level 2.
0 1 1 Specifies level 3.
1 0 0 Specifies level 4.
1 0 1 Specifies level 5.
1 1 0 Specifies level 6.
1 1 1 Specifies level 7 (lowest).

Note The flag xxIFn is reset automatically by the hardware if an interrupt request signal is acknowledged.

Remark xx: Identification name of each peripheral unit (see Table 14-2)
n: Peripheral unit number (see Table 14-2)

The addresses and bits of the interrupt control registers are as follows.
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Table 14-2. Addresses and Bits of Interrupt Control Registers (1/2)

Address Register Bit

<7> <6> 5 4 3 2 1 0
FFFFF110H |PICO PIFO PMKO 0 0 0 PPRO02 PPRO1 PPRO00O
FFFFF112H |PICA PIF1 PMKA1 0 0 0 PPR12 PPR11 PPR10
FFFFF114H |PIC2 PIF2 PMK2 0 0 0 PPR22 PPR21 PPR20
FFFFF116H |PIC3 PIF3 PMK3 0 0 0 PPR32 PPR31 PPR30
FFFFF118H |PIC4 PIF4 PMK4 0 0 0 PPR42 PPR41 PPR40
FFFFF11AH |PIC5 PIF5 PMK5 0 0 0 PPR52 PPR51 PPR50
FFFFF11CH |PIC6 PIF6 PMK6 0 0 0 PPR62 PPR61 PPR60
FFFFF11EH |LVIIC LVIIF LVIMK 0 0 0 LVIPR2 LVIPR1 LVIPR2
FFFFF120H |Not used - - - - - - - -
FFFFF122H | Not used - - - - - - - -
FFFFF124H |TQOOVIC |TQOOVIF |[TQOOVMK 0 0 0 TQOOVPR2 | TQOOVPR1|TQOOVPRO
FFFFF126H | TQOCCICO |TQOCCIFO |TQOCCMKO 0 0 0 TQOCCPR02 | TQOCCPRO1 | TQOCCPR0O
FFFFF128H | TQOCCIC1 | TQOCCIF1 | TQOCCMK1 0 0 0 TQOCCPR12| TQOCCPR11 | TQOCCPR10
FFFFF12AH |TQOCCIC2 | TQOCCIF2 |TQOCCMK2 0 0 0 TQOCCPR22 | TQOCCPR21 | TQOCCPR20
FFFFF12CH |TQOCCIC3 | TQOCCIF3 |TQOCCMK3 0 0 0 TQOCCPR32 | TQOCCPR31| TQOCCPR30
FFFFF12EH |TQ10OVIC |TQ10OVIF |[TQ10OVMK 0 0 0 TQ10VPR2 |TQ1OVPR1 [TQ1OVPRO
FFFFF130H |TQ1CCICO |TQ1CCIFO |TQ1CCMKO 0 0 0 TQ1CCPR02 | TQ1CCPRO1|TQ1CCPRO0O
FFFFF132H |TQ1CCIC1 |TQICCIF1 | TQ1CCMK1 0 0 0 TQ1CCPR12| TQ1CCPR11|TQ1CCPR10
FFFFF134H |TQI1CCIC2 | TQICCIF2 | TQ1CCMK2 0 0 0 TQ1CCPR22 | TQ1CCPR21 | TQ1CCPR20
FFFFF136H |TQ1CCIC3 |TQICCIF3 |TQ1CCMK3 0 0 0 TQ1CCPR32| TQ1CCPR31 | TQ1CCPR30
FFFFF138H |Not used - - - - - - - -
FFFFF13AH | Not used - - - - - - - -
FFFFF13CH |Not used - - - - - - - -
FFFFF13EH |Not used - - - - - - - -
FFFFF140H |Not used - - - - - - - -
FFFFF142H | Not used - - - - - - - -
FFFFF144H | Not used - - - - - - - -
FFFFF146H | Not used - - - - - - - -
FFFFF148H |TPOOVIC |TPOOVIF |TPOOVMK 0 0 0 TPOOVPR2 [TPOOVPR1 [TPOOVPRO
FFFFF14AH | TPOCCICO |TPOCCIFO |TPOCCMKO 0 0 0 TPOCCPRO02 | TPOCCPRO1 | TPOCCPR00
FFFFF14CH |TPOCCIC1 |TPOCCIF1 | TPOCCMK1 0 0 0 TPOCCPR12 [TPOCCPR11 [TPOCCPR10
FFFFF14EH |TP10OVIC |TP1OVIF |[TP10OVMK 0 0 0 TP10OVPR2|TP10VPR1 |TP10OVPRO
FFFFF150H | TP1CCICO |TP1CCIFO |TP1CCMKO 0 0 0 TP1CCPR02 [TP1CCPRO1 [ TP1CCPR00
FFFFF152H |TP1CCIC1 |TP1CCIF1 |TP1CCMK1 0 0 0 TP1CCPR12 | TP1CCPR11 [ TP1CCPR10
FFFFF154H |TP20VIC |TP20OVIF |TP20VMK 0 0 0 TP20VPR2 [TP20VPR1 [TP20VPRO
FFFFF156H | TP2CCICO |TP2CCIFO |TP2CCMKO 0 0 0 TP2CCPRO02 | TP2CCPRO1 | TP2CCPR0O0
FFFFF158H | TP2CCIC1 |TP2CCIF1 | TP2CCMK1 0 0 0 TP2CCPR12 [TP2CCPR11 [TP2CCPR10
FFFFF15AH |TP30OVIC |TP3OVIF |[TP30OVMK 0 0 0 TP30OVPR2|TP30VPR1 |TP3OVPRO
FFFFF15CH | TP3CCICO |TP3CCIFO |TP3CCMKO 0 0 0 TP3CCPRO02 | TP3CCPRO1 | TP3CCPR0O0
FFFFF15EH | TP3CCIC1 |TP3CCIF1 | TP3CCMK1 0 0 0 TP3CCPR12 | TP3CCPR11 | TP3CCPR10
FFFFF160H |Not used - - - - - - - -
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Table 14-2. Addresses and Bits of Interrupt Control Registers (2/2)

Address Register Bit

<7> <6> 5 4 3 2 1 0
FFFFF162H | Not used - - - - - - - -
FFFFF164H | Not used - - - - - - - -
FFFFF166H | Not used - - - - - - - -
FFFFF168H |UAOREIC |UAOREIF |UAOREMK 0 0 0 UAOREPR2|UAOREPR1|UAOREPRO
FFFFF16AH |UAORIC |UAORIF | UAORMK 0 0 0 UAORPR2 |UAORPR1 |UAORPRO
FFFFF16CH |UAOTIC UAOTIF UAOTMK 0 0 0 UAOTPR2 [UAOTPR1 |UAOTPRO
FFFFF16EH |CBOREIC |CBOREIF |CBOREMK 0 0 0 CBOREPR2|CBOREPR1|[CBOREPRO
FFFFF170H |CBORIC CBORIF CBORMK 0 0 0 CBORPR2 |[CBORPR1 |CBORPRO
FFFFF172H |CBOTIC  |CBOTIF  |CBOTMK 0 0 0 CBOTPR2 |CBOTPR1 [CBOTPRO
FFFFF174H |UA1REIC |UA1REIF |UA1REMK 0 0 0 UA1REPR2|UA1REPR1|UA1REPRO
FFFFF176H |UATRIC |UATRIF | UATRMK 0 0 0 UATRPR2 |UATRPR1 |UA1RPRO
FFFFF178H |[UA1TIC UAI1TIF UATTMK 0 0 0 UA1TPR2 |[UA1TPR1 |UA1TPRO
FFFFF17AH | Not used - - - - - - - -
FFFFF17CH | Not used - - - - - - - -
FFFFF17EH | Not used - - - - - - - -
FFFFF180H | ADOIC ADOIF ADOMK 0 0 0 ADOPR2 |ADOPR1  |ADOPRO
FFFFF182H |AD1IC AD1IF AD1MK 0 0 0 AD1PR2 |AD1PR1 |AD1PRO
FFFFF184H | Not used - - - - - - - -
FFFFF186H | TMOEQICO |TMOEQIFO | TMOEQMKO 0 0 0 TMOEQPR02| TMOEQPRO1 | TMOEQPR0O
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14.3.5 Interrupt mask registers 0 to 3 (IMRO to IMR3)

The IMRO to IMRS3 registers set the interrupt mask state for the maskable interrupts. The IMRO.xxMKn to
IMR3.xxMKn bits are equivalent to the xxICn.xxMKn bit.

The IMRm register (m = 0 to 3) can be read or written in 16-bit units.

If the higher 8 bits of the IMRm register are used as the IMRmH register and the lower 8 bits as the IMRmL
register, these registers can be read or written in 8-bit or 1-bit units.

Reset sets these registers to FFFFH.

Caution The device file defines the xxICn.xxMKn bit as a reserved word. If a bit is manipulated using the
name of xxMKn, the contents of the xxICn register, instead of the IMRm register, are rewritten (as
a result, the contents of the IMRm register are also rewritten).
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After reset: FFFFH R/W Address: IMR3 FFFFF106H
IMR3L FFFFF106H, IMR3H FFFFF107H

15 14 13 12 11 10 9 8

MR3(MR3HY) [ 1 | 1 | 1 | 1 mvoeawkd 1 | ADIMK | ADOMK |
7 6 5 4 3 2 1 0

amRaL) | 1 | 1 | 1 |uA1TMK|UATRMK UATREMK CBOTMK | CBORMK |

After reset: FFFFH R/W Address: IMR2 FFFFF104H
IMR2L FFFFF104H, IMR2H FFFFF105H

15 14 13 12 11 10 9 8
IMR2 (IMR2HY") [cBOREMK| UAOTMK |UAORMK UAGREMK 1 | 1 | 1 | 1 |
7 6 5 4 3 2 1 0

(IMR2L) [TPACCMK1 [TP3CCMKO| TP3OVMK TP2CCMKITP2CCMKO TP2OVMKTP1CCMKATP1CCMK(]

After reset: FFFFH R/W Address: IMR1 FFFFF102H
IMR1L FFFFF102H, IMR1H FFFFF103H

15 14 13 12 11 10 9 8

IMRT (IMR1HY") [TP1OVMK TPOCOMKiITPOCCMKOTRPOOVMK, 1 | 1 | 1 | 1|
7 6 5 4 3 2 1 0

RO [ 1 [ 1 | 1 | 1 [TOICOMK3TQICOMKRTQICOMKI TQICOMKY

After reset: FFFFH R/W Address: IMRO FFFFF100H
IMROL FFFFF100H, IMROH FFFFF101H

15 14 13 12 11 10 9 8
IMRO (IMROHet®) [TQ1OVMK|TQOCCMK3 TQUCCMK2| TQoCCMK1 | ToocomKko Tacovmk| 1 [ 1|
7 6 5 4 3 2 1 0

(IMROL) | LVIMK | PMK6 | PMKs | PMK4 | PMK3 | PMK2 | PMKI | PMKo |

xxMKn Interrupt mask flag setting
0 Interrupt servicing enabled
1 Interrupt servicing disabled

Note When reading/writing bits 15 to 8 of the IMRO to IMRS registers in 8-bit or 1-bit units, specify these bits
as bits 7 to 0 of the IMROH to IMR3H registers.

Caution Set bits 9 and 8 of the IMRO register (bits 1 and 0 of the IMROH register), bits 11 to 4 of the
IMR1 register (bits 3 to 0 of the IMR1H register and bits 7 to 4 of the IMR1L register), bits 11 to
8 of the IMR2 register (bits 3 to 0 of the IMR2H register), bits 15 to 12, 10, and 7 to 5 of the IMR3
register (bits 7 to 4 and 2 of the IMR3H register and bits 7 to 5 of the IMR3L register) to 1. The
operation when these settings are changed is not guaranteed.

Remark xx: Identification name of each peripheral unit (see Table 14-2)
n: Peripheral unit number (see Table 14-2)
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14.3.6 In-service priority register (ISPR)

The ISPR register holds the priority level of the maskable interrupt currently acknowledged. When an interrupt
request signal is acknowledged, the bit of this register corresponding to the priority level of that interrupt signal request
is set to 1 and remains set while the interrupt is serviced.

When the RETI instruction is executed, the bit corresponding to the interrupt request signal having the highest
priority is automatically cleared to 0 by hardware. However, it is not cleared to 0 when execution is returned from non-
maskable interrupt servicing or exception processing.

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

Reset sets this register to 00H.

Caution In the interrupt enabled (El) state, if an interrupt is acknowledged during the reading of the ISPR
register, the value of the ISPR register may be read after the bit is set (1) by this interrupt
acknowledgment. To read the value of the ISPR register properly before interrupt
acknowledgment, read it in the interrupt disabled (DI) state.

After reset: O0OH R Address: FFFFF1FAH

<7> <6> <5> <4> <3> <2> <1> <0>

ISPR | ISPR7 | ISPR6 | ISPR5 | ISPR4 | ISPR3 | ISPR2 | ISPR1 | ISPRO |

ISPRn Priority of interrupt currently being acknowledged
0 Interrupt request signal with priority n is not acknowledged
1 Interrupt request signal with priority n is being acknowledged

Remark n: 0 to 7 (priority level)
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14.3.7 Maskable interrupt status flag (ID)

The ID flag controls the maskable interrupt’'s operating state, and stores control information regarding enabling or
disabling of interrupt requests. The ID flag is allocated to the PSW.

This flag is set to 00000020H after reset.

Note

After reset: 00000020H

31 8 7 6 5 4 3 2 1 o0
PSW 0 /NP EP[ D [saT|cY|ov| s | Z |
ID Maskable interrupt servicing specificationNo®
0 Maskable interrupt request signal acknowledgment enabled
1 Maskable interrupt request signal acknowledgment disabled (pending)

Interrupt disable flag (ID) function

ID is set (1) by the DI instruction and cleared (0) by the El instruction. Its value is also modified by the
RETI instruction or LDSR instruction when referencing the PSW.

Non-maskable interrupt signals and exceptions are acknowledged regardless of this flag. When a
maskable interrupt signal is acknowledged, the ID flag is automatically set (1) by hardware.

An interrupt request signal generated during the acknowledgment disabled period (ID flag = 1) can be
acknowledged when the xxICn.xxIFn bit is set (1), and the ID flag is cleared (0).
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14.4 External Interrupt Request Input Pins (INTPO to INTP6)
14.4.1 Noise elimination

(1) Noise elimination of INTPO to INTP5 pins
The INTPO to INTP5 pins incorporate a noise eliminator that uses analog delay. Unless, therefore, the input
level of each pin is held for a certain time, an edge cannot be detected. An edge is detected after a certain
time has elapsed.

(2) Noise elimination of INTP6 pin
The INTP6 pin incorporates a digital noise eliminator.
The sampling clock that performs digital sampling can be selected from fxx/2, fxx/4, fxx/8, or fxx/16.
The system clock stops in the IDLE and STOP modes, so the INTP6 pin cannot be used to cancel the IDLE
and STOP modes.

(a) External interrupt noise elimination control register (INTPNRC)
The INTPNRC register is used to select the sampling clock that is used to eliminate digital noise on the
INTP6 pin. If the same level is not detected five times in a row, the signal is eliminated as noise.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to O0H.

Cautions 1. If the input pulse lasts for the duration of 4 to 5 clocks, it is undefined whether the
pulse is detected as a valid edge or eliminated as noise. So that the pulse is
actually detected as a valid edge, the same pulse level must be input for the
duration of 5 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: 00H R/W Address: FFFFF310H

2 1 0
INPNRC | 0 | o | o | o | o | o |NTPNRCI|INTPNRCO|
INTPNRC1|INTPNRCO Selection of sampling clock
0 0 | /16
0 1 |t
1 0 |4
1 1 |2
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14.4.2 Edge detection

The valid edges of the INTPO to INTP6 pins can be selected by program. The edge that can be selected as the

valid edge is one of the following.

¢ Rising edge
e Falling edge
¢ Both the rising and falling edges

The edge-detected INTPO to INTP6 signals become interrupt sources.
The valid edge is specified by the INTRO and INTFO registers.

(1) External interrupt rising edge specification register 0 (INTRO), external interrupt falling edge

specification register 0 (INTFO0)

The INTRO and INTFO registers are 8-bit registers that specify the trigger mode of the INTPO to INTP6 pins
and can specify the valid edge independently for each pin (rising edge, falling edge, or both rising and falling

edges).
These registers can be read or written in 8-bit or 1-bit units.
Reset sets these registers to 00H.

Caution When the function is changed from the external interrupt function (alternate function) to the
port mode, an edge may be detected. Therefore, be sure to clear the INTFOn and INTROn bits

to 00, and then set the port mode.

After reset: 00H R/W Address: FFFFFC20H

7 <6> <5> <4> <3> <2> <1> <0>

INTRO | 0 | INTRO6 | INTRO5 | INTR04 | INTRO3 | INTRO2 | INTROT | INTROO |

After reset: 00H R/W Address: FFFFFCOOH

7 <6> <5> <4> <3> <2> <1> <0>

INTFO [ o | INTFO6 | INTF05 | INTFo4 | INTFO3 | INTFO2 | INTFO1 | INTFOO |

Remark For the valid edge specification, see Table 14-3.

Table 14-3. Valid Edge Specification

INTFONn INTRON Valid Edge Specification (n = 0 to 6)
0 0 No edge detected
0 1 Rising edge
1 0 Falling edge
1 1 Both rising and falling edges

Caution When not using these pins as the INTPO to INTP6 pins, be sure to clear the INTFOn and INTROn

bits to 00.
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14.5 Software Exception

A software exception is generated when the CPU executes the TRAP instruction, and can always be
acknowledged.

14.5.1 Operation
If a software exception occurs, the CPU performs the following processing, and transfers control to the handler
routine.

<1> Saves the restored PC to EIPC.

<2> Saves the current PSW to EIPSW.

<3> Writes an exception code to the lower 16 bits (EICC) of ECR (interrupt source).

<4> Sets the PSW.EP and PSW.ID bits (1).

<5> Sets the handler address (00000040H or 00000050H) corresponding to the software exception to the PC,
and transfers control.

The processing of a software exception is shown below.

Figure 14-7. Software Exception Processing

-+ ( TRAP instructionNote )

EIPC -— Restored PC
EIPSW -— PSW
ECR.EICC —=— Exception code
PSW.EP =1

PSW.ID =1

PC -— Handler address

( Exception processing )

Note TRAP instruction format: TRAP vector (the vector is a value from 00H to 1FH.)

CPU processing

The handler address is determined by the TRAP instruction’s operand (vector). If the vector is O0H to OFH, it
becomes 00000040H, and if the vector is 10H to 1FH, it becomes 00000050H.
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14.5.2 Restore

Recovery from software exception processing is carried out by the RETI instruction.

By executing the RETI instruction, the CPU carries out the following processing and shifts control to the restored
PC’s address.

<1> Loads the restored PC and PSW from EIPC and EIPSW because the PSW.EP bit is 1.
<2> Transfers control to the address of the restored PC and PSW.

The processing of the RETI instruction is shown below.

Figure 14-8. RETI Instruction Processing

( RETI instruction )

10
——
; i
PC -—EIPC PC -—FEPC
PSW -—EIPSW PSW -—FEPSW

( Original processing restored )

Caution When the EP and NP bits are changed by the LDSR instruction during software exception
processing, in order to restore the PC and PSW correctly during recovery by the RETI
instruction, it is necessary to set the EP bit back to 1 and clear the NP bit to 0 using the
LDSR instruction immediately before the RETI instruction.

Remark The solid line shows the CPU processing flow.
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14.5.3 Exception status flag (EP)

The EP flag is a status flag used to indicate that exception processing is in progress. This flag is set when an
exception occurs. The EP flag is allocated to the PSW.

This flag is set to 00000020H after reset.

After reset: 00000020H

31 8 7 6 5 4 3 2 1 0
PSW 0 Inp|er| D saTcy|ov] s | Z |
EP Exception processing status
0 Exception processing not in progress
1 Exception processing in progress
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14.6 Exception Trap

An exception trap is an interrupt that is requested when the illegal execution of an instruction takes place. In the
V850ES/IK1, an illegal opcode trap (ILGOP: lllegal Opcode Trap) is considered as an exception trap.

14.6.1 lllegal opcode definition
The illegal instruction has an opcode (bits 10 to 5) of 111111B, a sub-opcode (bits 26 to 23) of 0111B to 1111B,
and a sub-opcode (bit 16) of 0B. An exception trap is generated when an instruction applicable to this illegal

instruction is executed.

15 1110 5 4 0 31 27 26 2322 16
I

1 T 1 T T 1 T 1 1 T 1 L L L I B
0111
XXXXX1T11 111 XXXXXIXXXXX to X X X X X X]|0

x: Arbitrary

Caution Since it is possible that this instruction may be assigned to an illegal opcode in the future, it is

recommended that it not be used.

(1) Operation
If an exception trap occurs, the CPU performs the following processing, and transfers control to the handler

routine.

<1>
<2>
<3>

<4>

Saves the restored PC to DBPC.

Saves the current PSW to DBPSW.

Sets the PSW.NP, PSW.EP, and PSW.ID bits (1).

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

The processing of the exception trap is shown below.

User's Manual U16910EJ4V1UD 573



<R>

CHAPTER 14 INTERRUPT/EXCEPTION PROCESSING FUNCTION

Figure 14-9. Exception Trap Processing

- ( Exception trap (ILGOP) occurs )

DBPC -— Restored PC
DBPSW =—PSW
PSW.NP <1

PSW.EP «—1

PSW.ID <1

PC -— 00000060H

( Exception processing )

CPU processing

(2) Restore

Recovery from an exception trap is carried out by the DBRET instruction. By executing the DBRET instruction,
the CPU carries out the following processing and controls the address of the restored PC.

<1> Loads the restored PC and PSW from DBPC and DBPSW.
<2> Transfers control to the address indicated by the restored PC and PSW.

Caution DBPC and DBPSW can be accessed only during the period between when the illegal opcode
is executed and when the DBRET instruction is executed.

The restore processing from an exception trap is shown below.

Figure 14-10. Restore Processing from Exception Trap

( DBRET instruction )

PC -«— DBPC
PSW -— DBPSW

( Jump to address of restored PC )

574
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14.6.2 Debug trap

The debug trap is an exception that can be acknowledged anytime and is generated by execution of the DBTRAP
instruction.

When the debug trap is generated, the CPU performs the following processing.

(1) Operation
<1> Saves the restored PC to DBPC.
<2> Saves the current PSW to DBPSW.
<3> Sets the PSW.NP, PSW.EP and PSW.ID bits (1).
<4> Sets the handler address (00000060H) corresponding to the debug trap to the PC and transfers control.

The processing of the debug trap is shown below.

Figure 14-11. Debug Trap Processing

- ( DBTRAP instruction )

CPU processing

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

PSW.EP «— 1

PSW.ID = 1

PC -«— 00000060H

(Debug monitor routine processing)
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(2) Restore

Recovery from a debug trap is carried out by the DBRET instruction. By executing the DBRET instruction, the
CPU carries out the following processing and controls the address of the restored PC.

<1> Loads the restored PC and PSW from DBPC and DBPSW.
<2> Transfers control to the address indicated by the restored PC and PSW.

Caution DBPC and DBPSW can be accessed during the period between when the DBTRAP is
executed and when the DBRET instruction is executed.

The restore processing from a debug trap is shown below.

Figure 14-12. Restore Processing from Debug Trap

( DBRET instruction )

DBPC
DBPSW

PC
PSW

( Jump to address of restored PC )

-
-t
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14.7 Multiple Interrupt Servicing Control

Multiple interrupt servicing control is a process by which an interrupt request that is currently being serviced can be
interrupted during servicing if there is an interrupt request signal with a higher priority level, and the higher priority
interrupt request signal is acknowledged and serviced first.

If there is an interrupt request signal with a lower priority level than the interrupt request currently being serviced,
that interrupt request signal is held pending.

Multiple interrupt servicing control of maskable interrupts is executed when interrupts are enabled (PSW.ID bit = 0).
Thus, to execute multiple interrupts, it is necessary to set the interrupt enabled state (PSW.ID bit = 0) even in an
interrupt servicing routine.

If maskable interrupts are enabled or a software exception is generated in a maskable interrupt or software
exception servicing program, it is necessary to save EIPC and EIPSW.

This is accomplished by the following procedure.

(1) Acknowledgment of maskable interrupt signals in servicing program

Service program of maskable interrupt or exception

¢ EIPC saved to memory or register
e EIPSW saved to memory or register
o El instruction (interrupt acknowledgment enabled)

< Maskable interrupt acknowledgment

¢ Dl instruction (interrupt acknowledgment disabled)
e Saved value restored to EIPSW

e Saved value restored to EIPC

e RETI instruction
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(2) Generation of exception in servicing program

578

Servicing program of maskable interrupt or exception

¢ EIPC saved to memory or register
e EIPSW saved to memory or register

e TRAP instruction <« Exception such as TRAP instruction acknowledged.

Saved value restored to EIPSW
e Saved value restored to EIPC
e RETI instruction

The priority order for multiple interrupt servicing control has 8 levels, from 0 to 7 for each maskable interrupt
request signal (0 is the highest priority), but it can be set as desired via software. The priority order is set using
the xxPRn0 to xxPRn2 bits of the interrupt control request register (xxICn), provided for each maskable
interrupt request signal. After system reset, an interrupt request signal is masked by the xxMKn bit and the
priority order is set to level 7 by the xxPRn0 to xxPRn2 bits.

The priority order of maskable interrupts is as follows.
(High) Level 0> Level 1 > Level 2 > Level 3> Level 4 > Level 5 > Level 6 > Level 7 (Low)
Interrupt servicing that has been suspended as a result of multiple servicing control is resumed after the
servicing of the higher priority interrupt has been completed and the RETI instruction has been executed.
A pending interrupt request signal is acknowledged after the current interrupt servicing has been completed

and the RETI instruction has been executed.

Caution In a non-maskable interrupt servicing routine (time until the RETI instruction is executed),
maskable interrupts are suspended and not acknowledged.

Remark xx: ldentification name of each peripheral unit (see Table 14-2)
n: Peripheral unit number (see Table 14-2)
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14.8 Interrupt Response Time of CPU

Except the following cases, the interrupt response time of the CPU is 4 clocks minimum. To input interrupt request
signals successively, input the next interrupt request signal at least 4 clocks after the preceding interrupt.

¢ In IDLE/STOP mode

e When interrupt request non-sampling instructions are successively executed (see 14.9 Periods in Which CPU
Does Not Acknowledge Interrupts.)

¢ When an on-chip peripheral I/O register is accessed

Figure 14-13. Pipeline Operation at Interrupt Request Signal Acknowledgment (Outline)

(1) Minimum interrupt response time
4 system clocks

Internal clock

Interrupt request I

Instruction 1 [ F[F [ D [Ex]DF |wB]
Instruction 2 IFX [ IFX | IDX '
INT1 [ INT2[ INT3[INT4

Interrupt acknowledgment operation

B o F | F o Jex |
Instruction (first instruction of interrupt servicing routine)

Interleave accessN®

Note For interleave access, see 8.1.2 2-clock branch in the V850ES Architecture User’s Manual
(U15943E).

(2) Maximum interrupt response time
. 7 system clocks '

Internal clock '

Interrupt request ’

Instruction 1 L F [ F [ 10 [ EX [ MEM[MEMMEM]MEM] wB |
Instruction 2 LiFx | 1Fx | IDx 3
Interrupt acknowledgment operation INT1] INT2[ INT3] INT3[INT3]INT3] INT4
Instruction (first instruction of interrupt servicing routine) IF | IF

Remark [INT1 to INT4: Interrupt acknowledgment processing

IFX: Invalid instruction fetch
IDX: Invalid instruction decode
Interrupt response time (internal system clock) Conditions
Internal External interrupt
interrupt INTPO to INTP5 INTP6
Minimum 4 4 + 4 + Note + The following cases are exceptions.
Analog delay time Digital noise filter e In IDLE/STOP mode
K e Two or more interrupt request non-sample instructions are
Maximum 7 7+ . ) 7 + N‘?‘e + executed in succession
Analog delay time Digital noise filter e Access to on-chip peripheral I/O register

Note For details, see 14.4.1 (2) (a) External interrupt noise elimination control register (INTPNRC).
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14.9 Periods in Which CPU Does Not Acknowledge Interrupts
The CPU acknowledges an interrupt while an instruction is being executed. However, no interrupt will be
acknowledged between an interrupt request non-sample instruction and the next instruction (interrupt is held pending).

The interrupt request non-sample instructions are as follows.

El instruction

¢ Dl instruction
e LDSR reg2, 0x5 instruction (for PSW)
Store instruction for the command register (PRCMD) and command register 2 (PRCMD2).

¢ Store instructions or bit manipulation instructions excluding tst1 instruction for the following registers.
o Interrupt-related registers:
Interrupt control register (xxICn) and interrupt mask registers 0 to 3 (IMRO to IMR3)
o Power save control register (PSC)
¢ Internal memory size switching register (IMS)

Remark xx: Identification name of each peripheral unit (see Table 14-2)
n: Peripheral unit number (see Table 14-2)

14.10 Caution

Note that if a port is set to external interrupt request input (INTPn), the timer/counter interrupt and A/D converter
interrupt, which are alternate functions, do not occur (n = 0 to 7).
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15.1 Overview

The power consumption of the system can be effectively reduced by using the standby modes in combination and
selecting the appropriate mode for the application. The available standby modes are listed in Table 15-1.

Table 15-1. Standby Modes

Mode Functional Outline
HALT mode Mode to stop only the operating clock of the CPU
IDLE mode Mode to stop all the operations of the internal circuits except the low-voltage detector (LVI), power-

on-clear circuit (POC), oscillator, PLL, and CSIB in the slave mode

STOP mode Mode to stop all the operations of the internal circuits except the low-voltage detector (LVI), power-
on-clear circuit (POC), and CSIB in the slave mode
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Figure 15-1. Status Transition

1 Normal operation mode
Note 5 Note 6 Note 5 Note 5
Setting of HALT mode Setting of STOP mode Setting of IDLE mode
Interrupt requesthete ! Interrupt requesthete 3
Wait for stabilization of Wait for stabilization of Wait for stabilization of
(oscillation) and PLL oscillation and PLL (oscillation) and PLL
System resetMote? Interrupt requestete 4
System resetN°te? System resetNot?
Y J
HALT mode STOP mode IDLE mode

Notes 1. Non-maskable interrupt request signal (INTWDT) or unmasked maskable interrupt request signal

2. RESET pin input, reset signal generation by watchdog timer overflow (WDTRES), reset signal
generation by low-voltage detection (LVIRES), or reset signal generation by power-on clear
(POCRES).

3. Unmasked external interrupt request signal (INTPO to INTP5), unmasked internal interrupt request
signal (INTLVI), or unmasked internal interrupt request signal from peripheral functions operable in
IDLE mode (interrupt request signal related to CSIB in slave mode)

4. Unmasked external interrupt request signal (INTPO to INTP5), unmasked internal interrupt request
signal (INTLVI), or unmasked internal interrupt request signal from peripheral functions operable in
STOP mode (interrupt request signal related to CSIB in slave mode)

5. Oscillation stabilization time count by oscillation stabilization time wait control (OST)
The oscillation stabilization time is necessary after release of reset because the PLL is initialized by a
reset. The stabilization time is the time determined by default.

6. Oscillation stabilization time count by oscillation stabilization time wait control (OST)
The stabilization time is determined by the setting of the OSTS register.

7. RESET pin input, reset signal generation by low-voltage detection (LVIRES), or reset signal
generation by power-on clear (POCRES).
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15.2 Control Registers

(1) Power save control register (PSC)
The PSC register is an 8-bit register that controls the standby function. The STB bit of this register is used to
specify the standby mode. This register is a special register (see 3.4.7 Special registers). This register can
be written only by a combination of specific sequences.
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: FFFFF1FEH

6 5 <4> 3 2 <1> 0
psc | o | o | o [ wm ]| o | o | sB | o |

INTM Standby mode control by maskable interrupt request (INTxxNte)

0 Standby mode release by INTxx request enabled

1 Standby mode release by INTxx request disabled
STB Operation mode setting

0 Normal mode

1 Standby mode

Note For details, see Table 14-1 Interrupt Source List.

Cautions 1. Be sure to clear bits 0,2,3,and 5to 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.

4. When writing to the PSC register, use command register PRCMD.
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(2) 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

4 3 2 1 <0>
PSMR | o0 0 0 0 0 0 o | psmo |
PSMO Operation in software standby mode specification

0 IDLE mode
1 STOP mode

Cautions 1. Be sure to clear bits 1to 7t0 0.
2. The PSMO bit is valid only when the PSC.STB bit is 1.
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15.3 HALT Mode

15.3.1 Setting and operation status

The HALT mode is set when a dedicated instruction (HALT) is executed in the normal operation mode.

When HALT mode is set, clock supply is stopped to the CPU only. The clock generator and PLL continue
operating. Clock supply to the other on-chip peripheral functions continues.

As a result, program execution is stopped, and the internal RAM retains the contents before the HALT mode was
set. The on-chip peripheral functions that are independent of instruction processing by the CPU continue operating.

Table 15-3 shows the operation status in the HALT mode.

The average power consumption of the system can be reduced by using the HALT mode in combination with the
normal operation mode for intermittent operation.

Cautions 1. Insert five or more NOP instructions after the HALT instruction.
2. If the HALT instruction is executed while an unmasked interrupt request signal is being held
pending, the HALT mode is set but is released immediately by the pending interrupt request
signal.

15.3.2 Releasing HALT mode

The HALT mode is released by a non-maskable interrupt request signal (INTWDT), an unmasked maskable
interrupt request signal, and a reset signal (W pin input, reset signal generation by watchdog timer overflow
(WDTRES), reset signal generation by low-voltage detection (LVIRES), and reset signal generation by power-on clear
(POCRES)).

After the HALT mode has been released, the normal operation mode is restored.

(1) Releasing HALT mode by non-maskable interrupt request signal or unmasked maskable interrupt
request signal
The HALT mode is released by a non-maskable interrupt request signal (INTWDT) or an unmasked maskable
interrupt request signal, regardless of the priority of the interrupt request. If the HALT mode is set in an
interrupt servicing routine, however, an interrupt request that is issued later is serviced as follows.

Caution When the PSC.INTM bit is set to 1, the HALT mode cannot be released by an unmasked
maskable interrupt request signal.

(a) If an interrupt request signal with a priority lower than or same as the interrupt request signal currently
being serviced is generated, the HALT mode is released, but the newly generated interrupt request signal
is not acknowledged. The interrupt request signal itself is retained. Therefore, execution starts at the next
instruction after the HALT instruction.

(b) If an interrupt request signal with a priority higher than that of the interrupt request signal currently being
serviced is issued (including a non-maskable interrupt request signal), the HALT mode is released and

that interrupt request signal is acknowledged. Therefore, the execution branches to the handler address.

Table 15-2. Operation After Releasing HALT Mode by Interrupt Request Signal

Release Source Interrupt Enabled (El) Status Interrupt Disabled (DI) Status
Non-maskable interrupt request signal Execution branches to the handler address
Unmasked maskable interrupt request Execution branches to the handler The next instruction is executed
signal address or the next instruction is
executed
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(2) Releasing HALT mode by RESET pin input, WDTRES signal generation, LVIRES signal generation, or
POCRES signal generation
The same operation as the normal reset operation is performed.

Table 15-3. Operation Status in HALT Mode

Setting of HALT Mode Operation Status

Item
Clock generator, PLL Operates
System clock (fxx) Supply
CPU Stops operation
Interrupt controller Operable
ROM correction Stops operation
Timer TMMO Operable

TMPO to TMP3 Operable

TMQO, TMQ1 Operable
Watchdog timer Operable
Serial interface CSIBO Operable

UARTAO, UARTA1 Operable
A/D converters 0 and 1 Operable
Low-voltage detector (LVI) Operable when LVI is used
Power-on-clear circuit (POC) Operable
Port function Retains status before HALT mode was set.
Internal data The CPU registers, statuses, data, and all other internal data such as the contents of

the internal RAM are retained as they were before the HALT mode was set.
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15.4 IDLE Mode

15.4.1 Setting and operation status

The IDLE mode is set by clearing (0) the PSMR.PSMO bit and setting (1) the PSC.STB bit in the normal operation
mode.

In the IDLE mode, the clock generator and PLL continue operation but clock supply to the CPU and other on-chip
peripheral functions stops.

As a result, program execution stops and the contents of the internal RAM before the IDLE mode was set are
retained. The CPU and other on-chip peripheral functions stop operating. However, the on-chip peripheral functions
that can operate with an external clock continue operating.

Table 15-5 shows the operation status in the IDLE mode.

The IDLE mode can reduce the power consumption more than the HALT mode because it stops the operation of
the on-chip peripheral functions. The clock generator and PLL do not stop, so the normal operation mode can be
restored without waiting for the oscillation stabilization time after the IDLE mode has been released, in the same
manner as when the HALT mode is released.

Caution Insert five or more NOP instructions after the instruction that stores data in the PSC register to
set the IDLE mode.

15.4.2 Releasing IDLE mode

The IDLE mode is released by an unmasked external interrupt request signal (INTPO to INTP5 pin input),
unmasked internal interrupt request signal (INTLVI), unmasked internal interrupt request signal from the peripheral
functions operable in the IDLE mode (interrupt request signal related to CSIB in the slave mode), or reset signal
(RESET pin input, reset signal generation by low-voltage detection (LVIRES), and reset signal generation by power-
on clear (POCRES)).

After the IDLE mode has been released, the normal operation mode is restored.

(1) Releasing IDLE mode by unmasked maskable interrupt request signal
The IDLE mode is released by an unmasked maskable interrupt request signal, regardless of the priority of the
interrupt request. If the IDLE mode is set in an interrupt servicing routine, however, an interrupt request that is
issued later is processed as follows.

Caution When the PSC.INTM bit is set to 1, the IDLE mode cannot be released by an unmasked
maskable interrupt request signal.

(a) If an interrupt request signal with a priority lower than or same as the interrupt currently being serviced is
generated, the IDLE mode is released, but the newly generated interrupt request signal is not
acknowledged. The interrupt request signal itself is retained. Therefore, execution starts at the next
instruction after the IDLE instruction.

(b) If an interrupt request signal with a priority higher than that of the interrupt currently being serviced is
issued, the IDLE mode is released and that interrupt request signal is acknowledged. Therefore, the
execution branches to the handler address.

Table 15-4. Operation After Releasing IDLE Mode by Interrupt Request Signal

Release Source Interrupt Enabled (El) Status Interrupt Disabled (DI) Status
Unmasked maskable interrupt request Execution branches to the handler The next instruction is executed
address or the next instruction is
executed
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(2) Releasing IDLE mode by RESET pin input, LVIRES signal generation, and POCRES signal generation
The same operation as the normal reset operation is performed.

Table 15-5. Operation Status in IDLE Mode

Item

Setting of IDLE Mode

Operation Status

Clock generator, PLL

Operates

System clock (fxx)

Stops supply

CPU

Stops operation

Interrupt controller

Stops operation

ROM correction

Stops operation

Timer TMMO Stops operation
TMPO to TMP3 Stops operation
TMQO, TMQ1 Stops operation
Watchdog timer Stops operation
Serial interface CSIB0O Operable when SCKBO input clock is selected as count clock (in slave mode)

UARTAO, UARTA1

Stops operation

A/D converters 0 and 1

Stops operation

Low-voltage detector (LVI)

Operable when LVI is used

Power-on-clear circuit (POC)

Operable

Port function

Retains status before IDLE mode was set.

Internal data

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

15.5.1 Setting and operation status

The STOP mode is set by setting (1) the PSMR.PSMO bit and setting (1) the PSC.STB bit in the normal operation
mode.

In the STOP mode, the clock generator stops operation. Clock supply to the CPU and the on-chip peripheral
functions is stopped.

As a result, program execution is stopped, and the contents of the internal RAM before the STOP mode was set
are retained. The CPU and other on-chip peripheral functions stop operating. The on-chip peripheral functions that
can operate with an external clock continue operating.

Table 15-7 shows the operation status in the STOP mode.

Because the STOP mode stops operation of the clock generator, it reduces the power consumption to a level lower
than the IDLE mode. The power consumption is therefore minimized with only leakage current flowing if the external
clock is not used.

Caution Insert five or more NOP instructions after the instruction that stores data in the PSC register to
set the STOP mode.

15.5.2 Releasing STOP mode

The STOP mode is released by an unmasked external interrupt request signal (INTPO to INTP5 pin input),
unmasked internal interrupt request signal (INTLVI), unmasked internal interrupt request signal from the peripheral
functions operable in the STOP mode (interrupt request signal related to CSIB in the slave mode), or reset signal
(ﬁ pin input, reset signal generation by low-voltage detection (LVIRES), and reset signal generation by power-
on clear (POCRES)).

After the STOP mode has been released, the normal operation mode is restored after the oscillation stabilization
time has been secured.

(1) Releasing STOP mode by unmasked maskable interrupt request signal
The STOP mode is released by an unmasked maskable interrupt request signal, regardless of the priority of
the interrupt request. If the STOP mode is set in an interrupt servicing routine, however, an interrupt request
that is issued later is serviced as follows.

Caution When the PSC.INTM bit is set to 1, the STOP mode cannot be released by an unmasked
maskable interrupt request signal.

(a) If an interrupt request signal with a priority lower than or same as the interrupt request signal currently
being serviced is generated, the STOP mode is released, but the newly generated interrupt request signal
is not acknowledged. The interrupt request signal itself is retained. Therefore, execution starts at the next
instruction after the STOP instruction.

(b) If an interrupt request signal with a priority higher than that of the interrupt request signal currently being

serviced is issued, the STOP mode is released and that interrupt request signal is acknowledged.
Therefore, the execution branches to the handler address.

Users Manual U16910EJ4V1UD 589



CHAPTER 15 STANDBY FUNCTION

Table 15-6. Operation After Releasing STOP Mode by Interrupt Request Signal

Release Source

Interrupt Enabled (EI) Status

Interrupt Disabled (Dl) Status

Unmasked maskable interrupt request
signal

Execution branches to the handler
address or the next instruction is
executed after securing oscillation
stabilization time

The next instruction is executed after
securing oscillation stabilization time

(2) Releasing STOP mode by RESET pin input, LVIRES signal generation, and POCRES signal generation
The same operation as the normal reset operation is performed.

Table 15-7. Operation Status in STOP Mode

Setting of STOP Mode

Item

Operation Status

Clock generator, PLL

Stops operation

System clock (fxx)

Stops supply

CPU

Stops operation

Interrupt controller

Stops operation

ROM correction

Stops operation

Timer TMMO Stops operation
TMPO to TMP3 Stops operation
TMQO, TMQ1 Stops operation

Watchdog timer

Stops operation

Serial interface CSIB0O

Operable when SCKBO input clock is selected as count clock (in slave mode)

UARTAO, UARTA1

Stops operation

A/D converters 0 and 1

Stops operation

Low-voltage detector (LVI)

Operable when LVI is used

Power-on-clear circuit (POC)

Operable

Clock monitor

Stops operation (however, internal oscillator continues operating)

Port function

Retains status before STOP mode was set.

Internal data

The CPU registers, statuses, data, and all other internal data such as the contents of
the internal RAM are retained as they were before the STOP mode was set.
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15.6 Securing Oscillation Stabilization Time

When the STOP mode is released, the oscillation stabilization time set by the OSTS register elapses. The
oscillation stabilization time is the reset value of the OSTS register, 2'%/ix (16.384 ms at fx = 4 MHz), if the STOP mode
is released by reset signal (RESET pin input, reset signal generation by low-voltage detection (LVIRES), and reset
signal generation by power-on clear (POCRES)).

However, the actual oscillation stabilization time is half this value (after reset: 2'%/fx (8.192 ms at fx = 4 MHz), and
the other half is the stabilization time of the PLL. Set an oscillation stabilization time double that of the oscillation
stabilization time of the oscillator used when the STOP mode is released.

The timer for counting the oscillation stabilization time secures oscillation stabilization time equal to the overflow
time of the watchdog timer.

The operation performed when the STOP mode is released by an interrupt request signal is shown below.

Figure 15-2. Oscillation Stabilization Time

))

STOP mode status

Interrupt request

(( ((
)) ))

Clock generator Oscillation stabilization

stops time count = I .
P Oscillation stabilization time

timer overflows

Caution For details of the OSTS register, see 5.3 (6) Oscillation stabilization time select register
(OSTS).
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16.1 Overview
The following reset functions are available.

e Reset by RESET pin input

¢ Reset by watchdog timer overflow (WDTRES)

e System reset by low-voltage detector (LVI) (LVIRES)

o System reset by power-on-clear circuit (POC) (POCRES)

16.2 Registers to Check Reset Source

(1) Reset source flag register (RESF)
The RESF register is a special register that can be written only by a combination of specific sequences (see
3.4.7 Special registers).
The RESF register indicates that a reset signal is generated by the watchdog timer (WDT).
The LVIRF and WDT2RF bits are cleared by reset via the RESET pin or by a bit manipulation instruction or
store instruction (writing 0 to the LVIRF and WDT2RF bits).
This register is read or written in 8-bit units. However, bit 0 is write-only.
This register is cleared to 00H by RESET pin input and reset by the power-on-clear circuit (POC). The default
value differs if the source of reset is other than these.

After reset: 00HN°*® R/W Address: FFFFF888H

7 6 5 4 3 2 1 0
RESF | o | o | o Jworerf| o [ o | o [ LvFF |
WDT2RF Reset signal from WDT
0 Not generated/cleared
1 Generated
LVIRF Clear of RESF2.LVIRFS bit
0 Cleared
1 Write disabled

Note The value of this register is cleared to 00H after a reset by RESET pin input or the power-on-clear circuit
(POC). When a reset is executed by watchdog timer overflow, this register is set to 10H or 11H. When
reset by the low-voltage detector (LVI), bit 4 retains the value before reset and bit 0 is undefined.

Cautions 1. Only “0” can be written to each bit of this register. If writing “0” conflicts with setting the
flag (occurrence of reset), setting the flag takes precedence.
2. When writing to the RESF register, use command register PRCMD.
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(2) Reset source flag register 2 (RESF2)

The RESF2 register indicates that a reset signal is generated by the low-voltage detector (LVI).

This register is read-only, in 8-bit units.

This register is cleared to 00H or set to 10H by RESET pin input and the power-on-clear circuit (POC). The
default values are different when a reset is executed by other than these.

After reset: Note 1 R Address: FFFFF8A8H

5 4 2 0
RESF2 | 0 ‘ 0 ‘ 0 ‘Undeﬁned‘ 0 ‘ ‘LVlRFSNme 2|
LVIRFghote? Reset signal from LVI
0 Not generated
1 Generated

Notes 1. After a reset by RESET pin input or the power-on-clear circuit (POC), this register is set to
O00H or 10H. After a reset by the low-voltage detector (LVI), this register is set to 01H or 11H.

After a reset by watchdog timer overflow, the register value before reset is held.
2. Writing 0 to the RESF.LVIRF bit clears (0) the LVIRFS flag.

Table 16-1. Values of Bits 0 and 4 of RESF and RESF2 Registers When Reset Source Is Generated

Register RESF Register RESF2 Register
Reset Source Bit 4 Bit 0 Bit 4 Bit 0
Reset function by RESET pin input 0 0 Undefined 0
System reset (POCRES) by power-on-clear circuit (POC) 0 0 Undefined 0
Reset function (WDTRES) by WDT overflow 1 Undefined Held Held
Held Undefined Undefined 1

System reset (LVIRES) by low-voltage detector (LVI)
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16.3 Operation

16.3.1 Reset operation via RESET pin

When a low level is input to the RESET pin, the system is reset, and each hardware unit is initialized.

When the level of the RESET pin is changed from low to high, the reset status is released.

If the reset status is released by RESET pin input, the oscillation stabilization time of the oscillator elapses (reset
value of OSTS register: 2'°/fx) and then the CPU starts program execution.

Table 16-2. Hardware Status on RESET Pin Input

Item During Reset Period After Reset Release
Oscillator (fx) Oscillation stops Oscillation starts
Internal oscillator Oscillation stops Oscillation starts
Peripheral clock (fx to fx/2,048) Operation stops Operation starts after securing oscillation

stabilization time

Internal system clock (fcix), Operation stops Operation starts after securing oscillation
CPU clock (fcru) stabilization time (initialized to fxx/8)
CPU Initialized Program execution starts after securing

Note 1

oscillation stabilization time

Internal RAM Undefined in case of power-on reset or if writing data to RAM (by CPU) and reset conflict
(data is damaged).
Otherwise value immediately after reset is retained"™*>.

I/0 lines (ports/alternate-function High impedance

pins)

On-chip peripheral I/O registers Initialized to specified status

Other on-chip peripheral functions Operation stops Operation can be started after securing

oscillation stabilization time

Notes 1. With the pPD70F3329, program execution is delayed by insertion of internal processing for boot
switching.

2. The firmware of the xPD70F3329 uses part of the internal RAM (used RAM area: 3FFEOOOH to
3FFE095H, 3FFEFBAH to 3FFEFFFH) after the internal system reset operation has been released
because it supports a boot switching function. Therefore, the contents of some RAM areas are not
retained on power-on reset.
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Figure 16-1. Timing of Reset Operation by RESET Pin Input
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16.3.2 Reset operation by watchdog timer (WDT) overflow (WDTRES)

When the watchdog timer is set to the reset operation mode due to overflow, upon watchdog timer overflow
(WDTRES signal generation), a system reset is executed and the hardware is initialized to the initial status.

Following watchdog timer overflow, the reset status is entered and lasts the predetermined time (analog delay), and
the reset status is then automatically released. Following reset release, the CPU starts program execution after
securing the oscillation stabilization time (initial value of OSTS register: 2'%/fx) of the oscillator.

The oscillator is stopped during the reset period, so secure the oscillation stabilization time.

The status of each hardware during the reset period and after reset release is the same as the reset operation by
the mpin (see 16.3.1 Reset operation via RESET pin).

Figure 16-3. Timing of Reset Operation by WDTRES Signal Generation
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16.3.3 Low-voltage detector (LVI)

(1) Functions
The low-voltage detector (LVI) has the following functions.

e Compares the supply voltage (Vop) and detection voltage (VLvi) and generates an interrupt request signal or

internal reset signal when Vop < Vivi.
¢ The level of the supply voltage to be detected can be changed in two steps.
o An interrupt request signal or internal reset signal can be selected.
e Can operate in HALT/IDLE/STOP mode.
o Operation can be stopped by software.

(2) Configuration
The block diagram is shown below.

Figure 16-4. Block Diagram of Low-Voltage Detector

Vop
Vop
'—|°W' N-ch—] |———
vo tage — Internal reset signal
detection
level I 5
selector . E
(O]
— %)
INTLVI
Detection voltage
source (Vv
LVISO | LVION| LVIMD| LVIF |
Low-voltage detection level Low-voltage detection
select register (LVIS) register (LVIM)
2 Internal bus 2
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(3) Control registers

(a) Low-voltage detection register (LVIM)
The LVIM register is used to enable or disable low voltage detection, and to set the operation mode of the
low-voltage detector. The LVIM register is a special register. It can be written only by a combination of
specific sequences (see 3.4.7 Special registers).
This register can be read or written in 8-bit or 1-bit units. However, bit 0 is read-only.
This register is cleared to O0H by a reset via mpin input, power-on-clear circuit (POC), and watchdog
timer overflow. This register is set to 82H after a reset by the low-voltage detector (LVI).

After reset: 00H"" R/W Address: FFFFF890H
<7> 6 5 4 3 2 <1> <0>
LVIM LVION 0 0 0 0 0 LVIMD LVIF
LVION Low voltage detection operation enable or disable
0 Disable operation.
1 Enable operation.
LVIMD Selection of operation mode of low voltage detection
0 Generate interrupt request signal INTLVI when supply voltage < detection
voltage.
1 Generate internal reset signal LVIRES when supply voltage < detection voltage.
LVIF Low voltage detection flag
0 When supply voltage > detection voltage, or when operation is disabled
1 Supply voltage < detection voltage

Note This register is cleared to 00H after a reset by RESET pin input, power-on-clear circuit (POC),
and watchdog timer overflow. This register is set to 82H after a reset by the low-voltage detector
(LVI).

Cautions 1. After setting the LVION bit to 1, wait for 0.1 ms (TYP) (target value) before checking
the voltage using the LVIF bit.
2. The value of the LVIF flag is output as the output signal INTLVI when the LVION bit
=1 and LVIMD bit = 0.
3. When writing to the LVIM register, use command register PRCMD2.
4. Be sure to clear bits 2 to 6 to “0”.
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(b) Low-voltage detection level select register (LVIS)

The LVIS register is used to select the level of low voltage to be detected.

This register can be read or written in 8-bit or 1-bit units.
This register is cleared to 00H by a reset via RESET pin input, power-on-clear circuit (POC), and watchdog

timer overflow. The value of this register is retained after a reset by the low-voltage detector (LVI).

After reset: 0OH" R/W Address: FFFFF891H
7 6 5 4 3 0
LVIS 0 0 0 0 0 LVISO
LVISO Detection level
0 44V 102V
1 42V +02V
Note This register is cleared to O0OH by a reset via RESET pin input, power-on-clear circuit (POC),

Caution Be sure to clear bits 1 to 7 to “0”.

and watchdog timer overflow. The value of this register is retained after a reset by the low-

voltage detector (LVI).
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(c) Internal RAM data status register (RAMS)

The RAMS register is a flag register that indicates whether the internal RAM is valid or not. The RAMS register
is a special register. It can be written only by a combination of specific sequences (see 3.4.7 Special
registers).

For the RAMS register, see (5) RAM retention voltage detection operation.

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

This register is set to 01H by RESET pin input (during RAM access only) and watchdog timer overflow. The
value is retained when reset by other factors.

Cautions 1. When writing to the RAMS register, use command register PRCMD2.
2. The following shows the specific sequence after reset.
¢ Setting conditions: Detection of voltage lower than specified level (2.0V + 0.1 V)
Writing 1 via a specific sequence
Generation of reset signal by watchdog timer overflow
RESET pin input while RAM is being accessed
¢ Clearing condition: Writing of 0 in specific sequence

After reset: 01H"™ R/W Address: FFFFF892H
7 6 5 4 3 2 1 <0>
RAMS 0 0 0 0 0 0 0 RAMF
RAMF Internal RAM data valid/invalid
0 Valid
1 Invalid

Note This register is set to 01H by RESET pin input (during RAM access only) and watchdog timer
overflow. The value is retained when reset by other factors.
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(4) Operation
Depending on the setting of the LVIM.LVIMD bit, an interrupt request signal (INTLVI) or an internal reset signal
is generated.

(a) To use for internal reset signal
If the supply voltage falls below the voltage detected by the low-voltage detector when LVI operation is
enabled, a system reset is executed (when the LVIM.LVIMD bit is set to 1), and the hardware is initialized
to the initial status.
The reset status lasts from when a supply voltage drop has been detected until the supply voltage rises
above the LVI detection voltage. Following reset release, the CPU starts program execution after securing
the oscillation stabilization time (initial value of OSTS register: 2'%/fx) of the oscillator.
The main clock oscillator is stopped during the reset period, so secure the oscillation stabilization time.
The status of each hardware during the reset period and after reset release is the same as the reset
operation by the RESET pin (see 16.3.1 Reset operation via RESET pin). The following shows the
operation setting method and timing chart.

<To start operation>

<1> Mask the interrupt of LVI.

<2> Select the voltage to be detected by using the LVIS.LVISO bit.

<3> Set the LVIM. LVION bit to 1 (to enable operation).

<4> Insert a wait cycle of 0.1 ms (TYP) (target value) or more by software.

<5> By using the LVIM.LVIF bit, check if the supply voltage > detection voltage.
<6> Set the LVIM.LVIMD bit to 1 (to generate an internal reset signal).

Caution If the LVIMD bit is set to 1, the contents of the LVIM and LVIS registers cannot be changed
until a reset request other than LVI is generated.

<To stop operation>
LVI operation cannot be stopped until a reset request is generated from other than LVI.
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Figure 16-5. Operation Timing of Low-Voltage Detector (LVIMD Bit = 1)
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Note During the period in which the supply voltage is the set voltage or lower, the internal reset signal is
retained (internal reset state).
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(b) To use for interrupt

When the operation of LVI is enabled, the supply voltage and detection voltage are compared.

If the

supply voltage is lower than the detection voltage, an interrupt request signal (INTLVI) is generated (when
the LVIM.LVIMD bit is cleared to 0).

The following shows the operation setting method and timing chart.

<To start operation>

<1>
<2>
<3>
<4>
<5>
<6>

<7>

<To stop operation>
Clear the LVION bit to 0.

Mask the interrupt of LVI.
Select the voltage to be detected by using the LVIS.LVISO bit.
Set the LVIM.LVION bit to 1 (to enable operation).

Insert a wait cycle of 0.1 ms (TYP) (target value) or more by software.

By using the LVIM.LVIF bit, check if the supply voltage > detection voltage.
Clear the interrupt request flag of LVI.
Unmask the interrupt of LVI.

Figure 16-6. Operation Timing of Low-Voltage Detector (LVIMD Bit = 0)
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(5) RAM retention voltage detection operation
The supply voltage and detection voltage (VramH = 2.0 V £0.1 V) are compared. When the supply voltage
drops below the detection voltage (including on power application), the RAMS.RAMF bit is set (1).

Figure 16-7. Operation Timing of RAM Retention Voltage Detection Function
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Note A reset signal (WDTRES) is generated due to an overflow of the watchdog timer or RESET pin input
during RAM access.
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16.3.4 Power-on-clear circuit (POC)

(1) Overview
An overview of the power-on-clear (POC) circuit is shown below.

o Generates a reset signal upon power application.
e Compares the supply voltage (Vop) and detection voltage (Vroco), and generates a reset signal when Vobp <

Vpoco.

(2) Configuration
The block diagram is shown below.

Figure 16-8. Block Diagram of Power-on-Clear Circuit

Vob

+
Internal reset
signal

Detection
voltage source
(VPoco)

1

Users Manual U16910EJ4V1UD 605



CHAPTER 16 RESET FUNCTIONS

(3) Operation

When the supply voltage and detection voltage are compared and if the supply voltage is lower than the

detection voltage (including at power application), the system is reset and each hardware is returned to the

specific status.

The system is reset from when low voltage is detected until the supply voltage becomes higher than the

detection voltage. After a reset is released, when the oscillation stabilization time (default value of the OSTS

register: 2'*/fx) of the oscillator has elapsed, the CPU starts executing the program.

The oscillator stops during a reset, so secure the oscillation stabilization time.

The status of each hardware during the reset period and after reset release is the same as the reset operation
by the RESET pin (see 16.3.1 Reset operation via RESET pin).
The following shows the timing chart.

Figure 16-9. Timing of Reset Signal Generation by Power-on-Clear Circuit

Supply voltage
(Vob)

POC detection voltage
(VPoco)

POC detection signal

Internal reset signal

N/

- \/

Time

D———
T
'
'

—»+——=— Delay

D

Reset period

(excluding oscillation stabilization time)

Reset period Reset period
(excluding oscillation stabilization time) (excluding oscillation stabilization time)

}
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CHAPTER 17 REGULATOR

17.1 Overview
The V850ES/IK1 includes a regulator to reduce power consumption and noise.
This regulator supplies a stepped-down Vop power supply voltage to the oscillation block and internal logic circuits

(except the A/D converter and I/O buffers). The regulator output voltage (REGC pin) is setto 2.5 V (TYP.).

Figure 17-1. Regulator

AVopo E© A/D converter 0 :
AVReFo 1O) 45t05.5V :
AVoo1 (OA/D converter 1
AVRrer1 10| 4.5t05.5V H
FLMDO (0 e— : ;
: Flash ! :

Voo ;@ Regulator memory :
REGC 10 e[ """ ;
: T Internal digital circuits :

i | Oscillator | 25V (TYP.)

EVoo 10 EVoo /O buffer

: 351055V :

Caution Use the regulator with a setting of Voo = EVop = AVopn = AVRern (n = 0, 1).
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CHAPTER 17 REGULATOR

17.2 Operation

The regulator of this product always operates in any mode (normal operation mode, HALT mode, IDLE mode,
STOP mode, or during reset).

Be sure to connect a capacitor (4.7 uF (recommended value)) to the REGC pin to stabilize the regulator output.

A diagram of the regulator pin connection method is shown below.

Figure 17-2. REGC Pin Connection

Vob
Input voltage = 3.5t0 5.5 V © REG
REGC Voltage supply to oscillator/internal logic = 2.5 V (TYP.)

L.
4.7 uF
(recommended)

. © Vss
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CHAPTER 18 ROM CORRECTION FUNCTION

18.1 Overview

The ROM correction function is used to replace part of the program in the mask ROM or flash memory with the

program of the internal RAM.

By using this function, program bugs found in the mask ROM or flash memory can be corrected.

The correction address can be specified at up to four places by the ROM correction function.

Figure 18-1. Block Diagram of ROM Correction

Instruction address bus

Correction

(CORADN)

address register n

Correction control

DBTRAP instruction
generation block ROM

1

Block replacin
bug with DBTRAP

register (CORENRN bit)

Remark n=0t03

instruction

[— Instruction data bus
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CHAPTER 18 ROM CORRECTION FUNCTION

18.2 Control Registers

(1) Correction address registers 0 to 3 (CORADO to CORAD3)

These registers are used to set the first address of the program to be corrected.

The program can be corrected at up to four places because four CORADN register are provided (n = 0 to 3).
These registers can be read or written in 32-bit units.

If the higher 16 bits of the CORADN register are used as the CORADNH register, and the lower 16 bits as the
CORADNL register, these registers can be read or written in 16-bit units.

Reset sets these registers to 00000000H.

Because the ROM capacity differs depending on the product, set correction addresses in the following ranges.

uPD703327 (64 KB): 0000000H to 000FFFEH
4PD703329, 70F3329 (128 KB): 0000000H to 001FFFEH

Fix bits 0 and 17 to 31 to 0.

After reset: 00000000H R/W Address: CORADO FFFFF840H
CORADOL FFFFF840H, CORADOH FFFFF842H
CORAD1 FFFFF844H
CORAD1L FFFFF844H, CORAD1H FFFFF846H
CORAD2 FFFFF848H
CORAD2L FFFFF848H, CORAD2H FFFFF84AH
CORAD3 FFFFF84CH
CORAD3L FFFFF84CH, CORAD3H FFFFF84EH

31 1716 10

coron | |1 LTI TERETEEEP TR EEEEEITTTT
Fixed to 0 Correction address 0

(n=01t0 3)
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CHAPTER 18 ROM CORRECTION FUNCTION

(2) Correction control register (CORCN)

This register disables or enables the correction operation at the address set by each CORADnN register (n = 0
to 3).

Each channel can be enabled or disabled by this register.

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

Reset sets this register to O0H.

Remark n=0to 3

After reset: 00OH R/W Address: FFFFF880H

7 6 5 4 <3> <2> <1> <0>
CoORCN | o | o | o | o [COREN3|/COREN2|COREN1|CORENO|
CORENnN Enables/disables correction operation
0 Disabled
1 Enabled

Table 18-1. Correspondence Between CORCN Register Bits and CORADN Registers

CORCN Register Bit Corresponding CORADN Register
COREN3 CORAD3
COREN2 CORAD2
COREN1 CORAD(1
CORENO CORADO

18.3 ROM Correction Operation and Program Flow

<1>

<2>

<3>

<4>

If the address to be corrected and the fetch address of the internal ROM match, the fetch code is replaced by
the DBTRAP instruction.

When the DBTRAP instruction is executed, execution branches to address 00000060H.

Software processing after branching causes the result of ROM correction to be judged (the fetch address and
ROM correction operation are confirmed) and execution to branch to the correction software.

After the correction software has been executed, the return address is set, and return processing is started
by the DBRET instruction.

Cautions 1. The software that performs <3> and <4> must be executed in the internal ROM/RAM.

2. When setting an address to be corrected to the CORADN register, clear the higher bits to 0 in
accordance with the capacity of the internal ROM.

3. The ROM correction function cannot be used to correct the data of the internal ROM. It can
only be used to correct instruction codes. If ROM correction is used to correct data, that data
is replaced with the DBTRAP instruction code.

4. Use of ROM correction is prohibited if self programming is performed in the xPD70F3329.
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CHAPTER 18 ROM CORRECTION FUNCTION

Figure 18-2. ROM Correction Operation and Program Flow

C Reset & start )
______________ I

; )
' Initialize microcontroller
:

Load program for judgment Read data for setting ROM
: of ROM correction and : correction from external memory
i correction codes :

CORENN bit = 12 No

Fetch address No
= CORADN? l
Yes Execute fetch code

Change fetch code to

DBTRAP instruction
\
| Execute DBTRAP instruction |

| Jump to address 00000060H |

Branch to ROM correction
judgment address

. '
Branch to correction code address :
of corresponding channeln |

a

i+ Wirite return address to :
. DBPC. .
+ Write value of PSW to .
: DBPSW as necessary. '

Remarks 1.: 1 - Processing by user program (software)

[ ]:Processing by ROM correction (hardware)
2. n=0to3
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CHAPTER 19 FLASH MEMORY

The 4PD70F3329 is the flash memory version of the VB50ES/IK1 and incorporates 128 KB of flash memory.

Caution There are differences in the amount of noise tolerance and noise radiation between flash

memory versions and mask ROM versions. When considering changing from a flash memory
version to a mask ROM version during the process from experimental manufacturing to mass
production, make sure to sufficiently evaluate commercial samples (CS) (not engineering
samples (ES)) of the mask ROM versions.

Flash memory versions are commonly used in the following development environments and mass production

applications.

O O0OO0OO0O0

19.1

O O OO0

(@)

For altering software after the V850ES/IK1 is soldered onto the target system.

For data adjustment when starting mass production.

For differentiating software according to the specification in small scale production of various models.
For facilitating inventory management.

For updating software after shipment.

Features

4-byte/1-clock access (when instruction is fetched)

Capacity: 128 KB

Write voltage: Erase/write with a single power supply

Rewriting method

o Rewriting by communication with dedicated flash memory programmer via serial interface (on-board/off-board
programming)

o Rewriting flash memory by user program (self programming)

Flash memory write prohibit function supported (security function)

Safe rewriting of entire flash memory area by self programming using boot swap function

Interrupts can be acknowledged during self programming.
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CHAPTER 19 FLASH MEMORY

19.2 Memory Configuration

The 128 KB internal flash memory area is divided into 4 blocks and can be programmed/erased in block units. All
the blocks can also be erased at once.

When the boot swap function is used, the physical memory located at the addresses of blocks 0 and 1 is replaced
by the physical memory located at the addresses of blocks 2 and 3. For details of the boot swap function, see 19.5
Rewriting by Self Programming.

Figure 19-1. Flash Memory Mapping

SFFFFFFH Use prohibited
3FFF000H |(Program fetch disabled area)
3FFEFFFH
Internal RAM area
(60 KB)
3FF0000H
3FEFFFFH
Use prohibited
(program fetch disabled area)
ST 0001FFFFH
Block 3 (56 KB)
00012000H
00011FFFH
/ Block 2 (8 KB)
Note 00010000H
0000FFFFH
002'(:)2223 _______ ! Block 1 (56 KB)
1
00 00002000H
Internal flash memory area 00001FFFH
(128 KB) Block 0 (8 KB)
ooooooQH| 4 | 00000000H

Note Blocks 0 and 1: Boot area
Blocks 2 and 3: Area used to replace boot area via boot swap function
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CHAPTER 19 FLASH MEMORY

19.3 Functional Overview

The internal flash memory of the V850ES/IK1 can be rewritten by using the rewrite function of the dedicated flash
memory programmer, regardless of whether the V850ES/IK1 has already been mounted on the target system or not
(on-board/off-board programming).

In addition, a security function that prohibits rewriting the user program written to the internal flash memory is also
supported, so that the program cannot be changed by an unauthorized person.

The rewrite function using the user program (self programming) is ideal for an application where it is assumed that
the program is changed after production/shipment of the target system. A boot swap function that rewrites the entire
flash memory area safely is also supported. In addition, interrupt servicing is supported during self programming, so
that the flash memory can be rewritten under various conditions, such as while communicating with an external device.

Table 19-1. Rewrite Method

Rewrite Method

Functional Outline

Operation Mode

On-board programming

Flash memory can be rewritten after the device is mounted on the
target system, by using a dedicated flash memory programmer.

Off-board programming

Flash memory can be rewritten before the device is mounted on the
target system, by using a dedicated flash memory programmer and a
dedicated program adapter board (FA series).

Flash memory
programming mode

Self programming

Flash memory can be rewritten by executing a user program that has
been written to the flash memory in advance by means of on-board/off-
board programming. (During self programming, instructions cannot be
fetched from or data access cannot be made to the internal flash
memory area. Therefore, the rewrite program must be transferred to
the internal RAM or external memory in advance).

Normal operation mode

Remark The FA series is a product of Naito Densei Machida Mfg. Co., Ltd.
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CHAPTER 19 FLASH MEMORY

Table 19-2. Basic Functions

Function Functional Outline Support (O: Supported, x: Not Supported)
On-Board/Off-Board Self Programming
Programming
Block erasure The contents of specified memory blocks v v
are erased.
Chip erasure The contents of the entire memory area v X

are erased all at once.

Write Writing to specified addresses, and a y \
verify check to see if write level is secured
are performed.

Verify/checksum Data read from the flash memory is v X
compared with data transferred from the (Can be read by user
flash memory programmer. program)

Blank check The erasure status of the entire memory is v v
checked.

Security setting Use of the block erase command, chip v X
erase command, program command, and (Supported only when setting
read command can be prohibited, and is changed from enable to
rewriting boot area can be prohibited. prohibit)

The following table lists the security functions. The block erase command prohibit, chip erase command prohibit,

and program command prohibit functions are enabled by default after shipment, and security can be set by rewriting

via on-board/off-board programming. Each security function can be used in combination with the others at the same

time.
Table 19-3. Security Functions
Function Function Outline

Block erase command prohibit Execution of a block erase command on all blocks is prohibited. Setting of prohibition
can be initialized by execution of a chip erase command.

Chip erase command prohibit Execution of block erase and chip erase commands on all the blocks is prohibited. Once
prohibition is set, setting of prohibition cannot be initialized because the chip erase
command cannot be executed.

Program command prohibit Program and block erase commands on all the blocks are prohibited. Setting of
prohibition can be initialized by execution of the chip erase command.

Read command prohibit Read command on all the blocks is prohibited. Setting of prohibition can be initialized by
execution of the chip erase command.

Boot area rewrite prohibit Boot areas from block 0 to the specified last block can be protected. The protected boot
area cannot be rewritten (erased and written). Setting of prohibition cannot be initialized
by execution of the chip erase command.
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CHAPTER 19 FLASH MEMORY

<R> Table 19-4. Security Setting
Function Erase, Write, Read Operations When Each Security Is Set Notes on Security Setting
(V: Executable, x: Not Executable, —: Not Supported)
On-Board/ Self Programming On-Board/ Self
Off-Board Programming Off-Board Programming
Programming
Block erase Block erase command: x Block erasure (FlashBlockErase): ¥ Setting of Supported only
command Chip erase command: Chip erasure: — prohibition can when setting is
prohibit Program command: ¥ Write (FlashWordWrite): v be initialized by changed from
Read command: v Read (FlashWordRead): v chip erase enable to
command. prohibit
Chip erase Block erase command: x Block erasure (FlashBlockErase): V Setting of
command Chip erase command: x Chip erasure: — prohibition
prohibit Program command: "' Write (FlashWordWrite): v cannot be
Read command: ¥ Read (FlashWordRead): ¥ initialized.
Program Block erase command: x Block erasure (FlashBlockErase): ¥ Setting of
command Chip erase command: ¥ Chip erasure: — prohibition can
prohibit Program command: x Write (FlashWordWrite): be initialized by
Read command: Read (FlashWordRead): ¥ chip erase
command.
Read Block erase command: Block erasure (FlashBlockErase): v Setting of
command Chip erase command: Chip erasure: — prohibition can
prohibit Program command: ¥ Write (FlashWordWrite): v be initialized by
Read command: x Read (FlashWordRead): chip erase
command.
Boot area Block erase command: \"**? Block erasure (FlashBlockErase): v Setting of
rewrite Chip erase command: x Chip erasure: — prohibition
prohibit Program command: V"*°? Write (FlashWordWrite): v cannot be
Read command: v Read (FlashWordRead): initialized.

Notes 1. In this case, since the erase command is invalid, data different from the data already written in the flash
memory cannot be written.
2. The boot area for which rewriting is prohibited is invalid.
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CHAPTER 19 FLASH MEMORY

<R> (1) Security setting by PG-FP4 or PG-FP5 (security flag settings)
When disabling the read command (Disable Read), to raise the security level, it is recommended to also
disable the block erase command (Disable Block Erase) and program command (Disable Program).
Furthermore, when rewriting program is not necessary similarly to the mask ROM versions, additionally disable
the chip erase command (Disable Chip Erase).

Properties
S q l Note 1
tandar WANCEe /
rs'upp'wﬁtag'e === === 7 Commardoptions———— ||
| Wd [] 1'35-':":' W Blank check before Erasze :
[ Wdd2 [] IEI2.5EI v Fead verfy after Program I
| ¥ Security flag after Prograrn I
| On Target v = e hee
| Ydd mornitoring v skl esh RRE |
I ,.E___H__________l
ecunty flag sethngs
W a0.o0 |
| pp V] { I | Dizable Chip Eraze
: Ch fv/dd2 | Disable Black Erase
I ¥ Dizable Program
| Serial Port i‘v’dd
I || 11
I Reset [vdd L r
I |
| HSInput fvdd : Resetvector [ 0000 p || Note2
|
I - Program download/upload : Boot block cluster settin/
I |+ Enable bwo Program Areas I End Boot block | :‘
| I I
|
e e ]
0k, | Cancel | Apply |
Notes 1. Set “Supply voltage”, “Program download/upload”, and “Command options” in broken lines in
accordance with the use conditions.
2. To disable rewriting the boot area (Boot block cluster setting), select “Disable Boot block cluster
reprogramming” in “Security flag settings” and select the last block of the boot area for which rewriting
is to be disabled.
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CHAPTER 19 FLASH MEMORY

19.4 Rewriting by Dedicated Flash Memory Programmer

The flash memory can be rewritten by using a dedicated flash memory programmer after the V850ES/IK1 is

mounted on the target system (on-board programming). The flash memory can also be rewritten before the device is
mounted on the target system (off-board programming) by using a dedicated program adapter (FA series).

19.4.1 Programming environment

The following shows the environment required for writing programs to the flash memory of the V850ES/IK1.

Figure 19-2. Environment Required for Writing Programs to Flash Memory

FLMDO

RS-232C —
(__FLMDI™*
\/ Voo

USB Vss
Dedicated flash —
memory programmer _ RESET
Host machine UARTAO/CSIBO

V850ES/IK1

Note Connect the FLMD1 pin to the flash memory programmer or connect to a GND via a pull-down resistor
on the board.

A host machine is required for controlling the dedicated flash memory programmer.
UARTAO or CSIBO is used for the interface between the dedicated flash memory programmer and the V850ES/IK1

to perform writing, erasing, etc. A dedicated program adapter (FA series) required for off-board writing.

Remark The FA series is a product of Naito Densei Machida Mfg. Co., Ltd.
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CHAPTER 19 FLASH MEMORY

19.4.2 Communication mode
Communication between the dedicated flash memory programmer and the V850ES/IK1 is performed by serial
communication using the UARTAO or CSIBO interfaces of the V850ES/IK1.

(1) UARTAO
Transfer rate: 9,600 to 153,600 bps

Figure 19-3. Communication with Dedicated Flash Memory Programmer (UARTAO)

FLMDO ———— = FLMDO

<R> FLMDI — « FLMD1i"e®
<R> Voo T e
GND — Vs
Dedicated flash RESET ——— RESET V850ES/IK1
memory programmer RxD ———— TXDAO
TxD RXDAO

<R> Note Connect the FLMD1 pin to the flash memory programmer or connect to a GND via a pull-down resistor
on the board.

(2) CsiBo
Serial clock: 2.4 kHz to 2.5 MHz (MSB first)

Figure 19-4. Communication with Dedicated Flash Memory Programmer (CSIB0)

FLMDO —— FLMDO
<R> FLMD1 ——= FLMD1"*
A Voo ———————— Vo

<R> @ GND — Vss
v RESET — = RESET

Dedicated flash S|l —————— SOBO V850ES/IK1
memory programmer

SO ———— SIBO

SCK SCKBO

<R> Note Connect the FLMD1 pin to the flash memory programmer or connect to a GND via a pull-down resistor
on the board.
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CHAPTER 19 FLASH MEMORY

(3) CSIBO +HS
Serial clock: 2.4 kHz to 2.5 MHz (MSB first)

Figure 19-5. Communication with Dedicated Flash Memory Programmer (CSIB0 + HS)

FLMDO ———— FLMDO

FLMD1 ———— FLMD1{N°®

/ Voo ———— Voo
@ GND —— Vss
\/ RESET RESET
mel:::gri;z;)trec?g?:rﬂ:ner ° SOB0 VB50ES/IK1
SO SIBO
SCK SCKBO
HS P43

Note Connect the FLMD1 pin to the flash memory programmer or connect to a GND via a pull-down resistor
on the board.

The dedicated flash memory programmer outputs the transfer clock, and the V850ES/IK1 operates as a slave.

When the PG-FP4 or PG-FP5 is used as the dedicated flash memory programmer, it sends the following signals to
the VB50ES/IK1. For details, refer to the PG-FP4 User’s Manual (U15260E) or PG-FP5 User’s Manual (U18865E).

Table 19-5. Signal Connections of Dedicated Flash Memory Programmer (PG-FP4, PG-FP5)

PG-FP4, PG-FP5 V850ES/IK1 Processing for Connection
Signal Name I/0 Pin Function Pin Name UARTAO CSIBO CSIBO + HS
FLMDO Output Write enable/disable FLMDO O (@) O
FLMD1 Output Write enable/disable FLMD1 Qleter Qetet QOpote
VDD - Vo voltage generation/voltage monitor Voo, EVop Qere2 Qere2 Qere2
GND - Ground Vss O (@) (@)
CLK"™™? Output - Xqhees, xatees - - -
RESET Output | Reset signal RESET (©) (@) (©)
SI/RxD Input Receive signal SOBO/TXDAO (@) (@) (@)
SO/TxD Output Transmit signal SIBO/RXDAO (@) O O
SCK Output Transfer clock SCKBO x O O
HS Input Handshake signal for CSIBO + HS P43 x x (@)
communication
Notes 1. Wire these pins as shown in Figure 19-6, or connect them to GND via a pull-down resistor on board.
2. Connect this pin when power is supplied from PG-FP4 or PG-FP5.
It does not have to be connected if an on-board power supply is used.
3. In the V850ES/IK1, external clock input is prohibited. Create an oscillator on board and supply the clock
via that oscillator.
Remark O: Must be connected.

x: Does not have to be connected.
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CHAPTER 19 FLASH MEMORY

Table 19-6. Wiring of V850ES/IK1 Flash Writing Adapters (FA-64GC-8BS)

Flash Memory Programmer Name of FA CSIBO + HS Used CSIBO0 Used UARTAQ Used
(PG-FP4, PG-FP5) Connection Pin| Board Pin
Signal I/0 Pin Function Pin Name Pin No. Pin Name Pin No. Pin Name Pin No.
Name
SI/RxD Input | Receive Si P41/SOB0O 39 P41/SOBO 39 P31/TXDAO |43
signal
SO/TxD | Output | Transmit SO P40/S1BO 40 P40/SIBO 40 P30/RXDA0 |44
signal
SCK Output | Transfer clock | SCK P42/SCKBO |38 P42/SCKBO |38 Not needed -
CLK"™* | Output |Clock to X1 X1t 6 X1t 6 X1 6
V850ES/IK1 Xohete XoNete 7 Xohete 7 yoNete 7
/RESET | Output | Reset signal [/RESET ~ |RESET 5 RESET 5 RESET 5
FLMDO Input | Write voltage | FLMDO FLMDO 25 FLMDO 25 FLMDO 25
FLMD1 Input | Write voltage |FLMD1 PDL5/FLMD1 |30 PDL5/FLM